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SCIENTIFIC ABSTRACT  

 

Lymphomas are neoplasms of the human immune system and can be divided into two 

categories, Hodgkin’s lymphoma (HL) and non-Hodgkin lymphoma (NHL). Anaplastic 

large cell lymphoma (ALCL) is a form of NHL that shares a common distinctive feature 

with HL, the overexpression CD30. The expression of cytokine receptor CD30 is restricted 

to proliferating B and T lymphocytes in healthy individuals while its overexpression is 

associated with several lymphoproliferative diseases such as ALCL and HL. The activation 

of CD30 via ligand or antibodies triggers various cellular responses ranging from apoptosis 

to cell proliferation and it is thought that the variable cellular response to CD30 activation 

may be due to cell surface levels of CD30. The human CD30 gene is regulated at the 

transcriptional level and previous studies characterising its promoter have identified several 

factors that regulate the expression this gene. However none of these identified factors 

explain for the high levels of CD30 observed in HL and ALCL. Therefore this study 

focused on the identification and functional analysis of transcriptionally active regions 

located up or downstream of the CD30 promoter region.  

 

The first aim for this study was to identify and characterise regions within the human CD30 

gene that are involved in its transcriptional regulation. Phylogenetic footprinting identified 

several regions downstream of the CD30 promoter that displayed high levels of sequence 

homology indicating potential functional significance. Validation of these regions through 

two in vivo approaches, DNase 1 hypersensitivity assay and chromatin accessibility studies 

localised potential transcriptionally active regions to intron 1 of the CD30 gene.  

 

The second aim of this study then focused on determining the functional significance of 

this intronic region on the transcriptional activity of CD30. Gene reporter studies further 

localised this transcriptionally active region to +4660 to +4815 of the CD30 gene. In 

addition, these studies also indicated the presence of strong enhancer elements as the 

introduction of this intronic region into reporter constructs resulted in a marked increase in 

transcriptional activity compared to the promoter only construct.  

 

Having determined the functional significance of this intronic region, in vitro studies were 

conducted to examine and identify protein-DNA interactions across a panel of cell lines 



 viii  

through EMSAs. Competition assays confirmed the binding of AP-1 proteins to a predicted 

AP-1 motif within the intronic region and antibody shift assays further elucidated specific 

AP-1 proteins present in the protein-DNA complex. Different Jun proteins were found to be 

present in the intronic AP-1 complex. In nuclear extracts obtained from cell lines that 

expressed no or low levels of CD30, c-Jun proteins were detected in the AP-1 complex 

while JunB proteins were present within the AP-1 complex from cell lines that expressed 

higher levels of CD30. These findings suggest opposing roles for c-Jun and JunB proteins 

implicated in the transcriptional regulation of CD30.  

 

This study also examined differential gene expression patterns observed in populations of 

ALCL and HL cells to gain an insight into molecular changes, as well as differences in 

transcript levels that accompanies the onset of diseases such as ALCL and HL that may 

correlate with the expression of CD30 expression levels through microarrays. Gene 

ontology analysis revealed the presence of several lymphoid specific factors such as 

interferon regulatory factor 4 and 7 as wells as GATA 3 suggesting possible roles for these 

factors in the tissue-specific expression of CD30 in ALCL and HL. The identification of 

additional transcription factors such as Smad 2, RUNX 2 and 3 that have been reported to 

interact with AP-1 proteins also highlights the potential of these transcription factors to 

interact with the intronic enhancer AP-1 complex and in turn regulate the transcriptional 

activity of CD30. 

 

Expression profiling of the AP-1 family of proteins through microarray analysis has also 

revealed a possible enhancer and repressive nature of certain AP-1 proteins in the 

transcriptional regulation of CD30, further confirming the results obtained from EMSA 

analysis. In addition, this analysis also identified several AP-1 proteins such as Fra-2, c-

Fos, ATF-1 and ATF-3 that display elevated mRNA levels in CD30 expressing cell lines 

compared to the CD30 non-expressing cell line further suggesting potential roles of these 

additional AP-1 proteins in the upregulation of CD30. 

 

Data presented here suggests that the high levels of CD30 expression and possibly its cell 

specific expression may be a due to distal enhancer element. Understanding the role of 

these factors in CD30 regulation provides valuable insights as to why CD30 is 

overexpressed in diseases such as ALCL and HL. As receptor density levels of CD30 have 



 ix

been shown to affect downstream signalling pathways, these findings provide a greater 

understanding of CD30 regulatory mechanisms that may result in potential therapeutic 

avenues. This study forms a platform for future investigations that will further elucidate the 

role of CD30 in the progression of CD30+ disease states.  
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1.1 Tumour necrosis factor receptor (TNFR) family 

 

Cytokines and their corresponding receptors have important roles in the functioning of 

immune responses. Family members of tumour necrosis factor (TNF) and tumour necrosis 

factor receptor (TNFR) are expressed by immune cells and activation of these receptors via 

their ligands affects various responding cells through proliferation, apoptosis, 

differentiation (Hehlgans and Pfeffer, 2005). Apart from BCMA, TACI, BAFFR and 

XEDAR (type III transmembrane proteins), the remaining members of the TNFR 

superfamily are type I transmembrane proteins that exhibit approximately 25% sequence 

homology restricted to their extracellular domains. These domains contain distinctive 

cysteine-rich repeats, each of which contains around six cysteines and forty amino acids 

and are involved in ligand binding (Smith et al., 1994). In contrast the cytoplasmic domains 

of these receptors exhibit low levels of sequence homology which puts forth the possibility 

of differences in intracellular signalling mechanisms across members of this family (Smith 

et al., 1994). 

 

The TNF receptor (TNFR) family contains 29 identified members in humans and they are 

classified into three major groups in relation to the presence or absence of a death domain 

(Figure 1.1). Receptors that possess a death domain include TNFR1, TRAIL-R1 (DR4), 

FAS (CD95), TRAIL-R2 (DR5), TRAMP and EDAR (Figure 1.1). When these receptors 

become activated, intracellular death domain containing adaptors are recruited, such as 

FADD and TRADD which are able to activate the caspase cascade thus resulting in the 

induction of apoptosis (Chinnaiyan et al., 1996) (Kischkel et al., 2000).  



 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 A schematic diagram representation of the ligands of the TNF family and their 
corresponding receptors (Adapted from (Aggarwal, 2003; Bodmer et al., 2002; Hehlgans 
and Pfeffer, 2005)). TNF ligands family members are depicted at the top of the figure 
whilst TNF receptor family members are on the bottom. Arrows designate the interactions 
that occur between receptor and ligand. 

 



 

4 



Chapter 1   Literature review 
 

 5 

Receptors that lack a death domain make up the second group of TNFRs and they include 

TACI, AITR, XEDAR, CD27, CD30, BAFFR, CD40, 4-1BB, BCMA, LTβR, OX40, 

RANK, HVEM, TNFRII, Fn14 and TROY. Members of this group posses TRAF-

interacting motifs, otherwise known as TIMs located in their cytoplasmic domains. Upon 

activation, TNFR family members that encompass TRAF interacting motifs are able to 

engage various TRAF proteins. This activates several downstream signal transduction 

pathways such as JNK, NF-κB, ERK and PI3K resulting in regulation of various cellular 

processes such as differentiation, apoptosis and cell proliferation (Dempsey et al., 2003).  

 

Lastly, the third group of TNF receptors consist of TRAIL-R3, OPG, TRAIL-R4 (also 

known as decoy receptor 2) and DcR3. These four receptors lack signalling motifs unlike 

the previous described members and are not able to provide intracellular signalling. Instead 

they vie with receptors of the other two groups for their ligands (Dempsey et al., 2003) 

(Hehlgans and Pfeffer, 2005). Some members of the TNFR family can also exist as a 

soluble molecule, upon receptor activation members TNFRII and 4-1BB are proteolytically 

cleaved from the cell membrane while others like FAS as well as TNFRII and 4-1BB can 

be expressed as soluble forms that lack the transmembrane domain but are still able to bind 

to their corresponding ligand (Hehlgans and Pfeffer, 2005).  

 

1.2 Tumour necrosis factor (TNF) ligand family 

 

Ligands of the TNF superfamily have been previously shown to play vital roles in several 

inflammatory and immune responses (Locksley et al., 2001). A large majority of the TNF 

ligands are expressed by cells involved in the immune system such as T cells, NK cells, B 

cells, dendritic cells and monocytes. However TL1A (also known as VEGI), which is 
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primarily expressed by endothelial cells, is the only exception to this observation 

(Aggarwal, 2003).  

 

This family of ligands consist of eighteen genes encoding nineteen type II transmembrane 

proteins (Figure 1.1). They include CD27L, CD30L, CD40L, 4-1BBl, OX40L, GITRL, 

RANKL, BAFF, APRIL, TWEAK, CD95L, TL1A, TRAIL, EDA, TNF, LTα, LTαβ, 

LIGHT and NGF (Bodmer et al., 2002; Hehlgans and Pfeffer, 2005). Members of this 

family are characterised by a conserved C-terminal domain that is also known as the TNF 

homology domain (THD) (Bodmer et al., 2002). The THD is comprised of a 150 amino 

acid long sequence that creates a conserved structure of hydrophobic and aromatic residues 

that exhibits 25 % to 30 % of similarity across family members (Locksley et al., 2001). In 

addition, the THDs have an almost identical tertiary fold and interact with each other to 

form trimeric proteins that assume a compact ‘jelly roll’ form (Bodmer et al., 2002).     

 

Ligands of the TNF family can exist as both membrane-embedded and cleaved soluble 

forms. The TNF, RANK, FAS, EDA, BAFF, TWEAK and APRIL ligands are examples of 

this, they are produced as membrane-bound proteins and are proteolytically cleaved by 

specific proteases (Bodmer et al., 2002). On the other hand , LTα is strictly produced by T 

and B cells as a soluble molecule and has never been identified at the cell surface unless 

associated with membrane bound LTβ forming a LTα1β2 heterocomplex (Browning et al., 

1993). Interestingly it has also been observed that when some membrane-bound ligands are 

cleaved, they are able to impede the function of the ligand-receptor complex. One example 

is CD95L, when membrane-bound this ligand is able to kill human peripheral-blood T cells 

and in its soluble form it obstructs the observed killing (Suda et al., 1997).  

 



Chapter 1   Literature review 
 

 7 

Interaction of receptors with their ligands triggers several signalling pathways that involves 

NF-κB, MAPK  and JNK which results in apoptosis, proliferation, differentiation and 

survival (Aggarwal, 2003). While TNF family members and their receptors have important 

roles in regulating the immune system and maintaining homeostasis for normal responses, 

abnormal expression is detrimental and may result in certain diseases. One such example 

that we are interested in is CD30, a member of the TNFR family and its ligand CD153 

(CD30L). Overexpression of this receptor on the surface of Hodgkin and Reed-Sternberg 

(H-RS) cells has been demonstrated to be a defining characteristic of HL and non-

Hodgkin’s lymphomas such as ALCL (Schwab et al., 1982; Stein et al., 1985).  

 

1.3 Structure of the CD30 receptor 

 

HL is a lymphoid neoplasia that is characterised by the presence of a low frequency of 

malignant H-RS cells in a background of non-neoplastic cells (Schwab et al., 1982). CD30 

is a surface antigen that was originally identified by the monoclonal antibody Ki-1 that was 

developed against H-RS cells (Stein et al., 1985). To aid in further understanding of the 

function of the previously identified Ki-1 molecule, Froese and colleagues (Froese et al., 

1987) as well as Nawrocki and his team (Nawrocki et al., 1988) focused on analysing the 

structure and biosynthesis of this Ki-1 antigen. Froese and his team identified two 

membrane associated forms of the Ki-1 antigen, a 105 kDa and a 120 kDa structure that 

arises from a non-phosphorylated 90 kDa precursor. It is believed that this 90 kDa 

precursor is then further processed to the mature 120 kDa form by O-linked glycosylation 

resulting in phosphorylation of the mature 120 kDa protein (Nawrocki et al., 1988). The 

configuration of the 105 kDa and 120 kDa proteins are thought to occur during the late 
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stages in the Golgi complex or during or prior to the insertions of these proteins into the 

cell membrane (Froese et al., 1987).  

 

To facilitate in the elucidation of intracellular signalling pathways involved in HL, Dürkop 

and associates (Dürkop et al., 1992) cloned cDNA encoding the CD30 antigen using 

expression libraries. The human CD30 protein is comprised of 595 amino acid residues that 

consist of a 18 residue leader, an extracellular domain consisting of 365 residues, single 

transmembrane domain possessing 24 residues, an intracellular domain of 188 residues and 

possible sites for O- and N- linked glycosylation sites in the external domain (Dürkop et 

al., 1992). Analysis of the predicted amino acid sequence indicated that the CD30 protein 

exhibited resemblance to growth factor receptors such as the human TNFR-I and TNFR-II 

as well as NGFR of the TNFR superfamily (Dürkop et al., 1992). The extracellular 

domains of members in the TNFR family are made up of conserved cysteine-rich motifs. 

However the CD30 molecule identified in human, mouse rat and chicken and the CD30 

ligand, CD153 in humans and mouse contains six cysteine-rich motifs unlike the other 

members of this receptor family that possess either three or four cysteine-rich motifs 

(Figure 1.2) (Smith et al., 1994). Examination of the extracellular domain indicated that it 

possessed possible regions for O- and N-linked glycosylation. The extracellular domain of 

the human CD30 protein can be divided into two homologous cysteine-rich regions that 

share a 64 % identity (Dürkop et al., 1992). In addition, the intracellular region of the 

human CD30 protein does not exhibit significant sequence similarity with other protein, 

which is another characteristic that is shared with other members of the TNFR family 

(Smith et al., 1994). 
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Figure 1.2 A schematic representation of the predicted structure of the CD30 receptor 
identified in human, mouse rat and chicken (A) and the CD30 ligand, CD153 (B) in 
humans and mouse  
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Identification and characterisation of the murine CD30 protein was carried out by Bowen 

and colleagues (Bowen et al.,. 1996). Comparison of the human and the murine CD30 

protein indicated that murine CD30 lacks the duplicated structure of the extracellular region 

of the human CD30 protein (Figure 1.2). Dürkop and colleagues (1992) suggested the 

possibility that the additional domain in the human CD30 protein could be due to 

duplication after divergence of the two species. Alternatively, as the duplicated region is 

absent in the murine protein, another possibility could be that the murine CD30 gene may 

have deleted part of the previously duplicated motif. It may also be possible that the murine 

CD30 sequence represents a splicing variant with respect to the human CD30 sequence. 

 

More recently, a chicken form of the CD30 protein has been identified in chicken Marek’s 

disease (Figure 1.2) (Burgess et al., 2004). Phylogenetic analysis carried out by Burgess 

and his team describes a relationship between the structures of all three forms of CD30 and 

verifies that the mouse CD30 protein signifies an ancestral mammalian gene structure. The 

chicken CD30 is a 467aa protein that contains four extracellular cysteine-rich domains 

instead of three that is seen in mouse and human (exists in a duplicated structure) (Figure 

1.2). The first 3 cysteine domains of the chicken CD30 exhibits the most likeness to its 

mammalian counterparts however the fourth domain did not show any clear relations to any 

other CD30 cysteine domains. A distinct 22 aa sequence located within the cytoplasmic 

domain that was unique to CD30 was identified and it displayed a high level of 

conservation across all 3 forms of CD30. While its function is yet unknown, Burgess and 

colleagues propose that it may denote a novel signal transduction region (Burgess et al., 

2004).     
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1.4 CD153, ligand for CD30 

 

The CD30 ligand, CD153 has been identified in both humans and mouse. Using a CD30 

fusion protein, Smith and his team identified these two forms of the ligand as well as 

establishing that human CD30 is able to interact with the murine CD30L (Smith et al., 

1993). The murine CD30L is a 239 aa protein that displays features that are synonymous 

with type II transmembrane proteins. It lacks a signal peptide and it consists of 172 aa 

extracellular domain that possess 6 potential N-linked glycosylation sites and a 46 aa 

cytoplasmic domain (Figure 1.2). 

 

The human CD30L has also been characterised as a 234 aa type II transmembrane protein. 

It contains a carboxy terminal extracellular domain that also consists of 172 aa similar to 

the murine form with the exception of the cytoplasmic domain containing only 40 aa and 5 

potential N-linked glycosylation sites located in the extracellular domain instead of the 6 

identified in the mouse (Figure 1.2). CD30L belongs to the TNF family of ligands, hence 

its extracelluar domain displays a considerable level of conservation to other members in 

this family such as TNF-α, TNF-β and CD30L which is a defining characteristic of 

members in this superfamily (Smith et al., 1993).  

 

Characterisation of the CD153 gene has been previously carried out to foster a better 

understanding of the role of the CD30L in CD30-associated diseases. The human CD30L 

gene is comprised of four exons extended across 17.1 kb of genomic DNA (Croager and 

Abraham, 1997). The promoter region of human CD30L lacks a canonical TATA motif and 

the presence of the poly-dT region immediately upstream of the transcription initiation site 

suggests that this gene is regulated by a TATA-less promoter. Analysis of the promoter 
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region also revealed the presence of several transcription factor binding sites for lymphoid 

specific transcription factors such as ELK1/cETS1, IK2 and E47 (Croager and Abraham, 

1997). The murine CD30L has also been characterised and was found to be virtually 

identical to that of the human form. Comparison of the promoter sequences established an 

80% identity between the two species indicating the close relation of the two genes. The 

only notable difference between the two promoters is a dinucleotide C/A microsatellite 

repeat that was missing from the murine promoter (Goldie-Cregan et al., 2002). 

 

1.5 Cellular expression of CD30  

 

Variable levels of CD30 expression have been detected in endothelial cells (Rudolph et al., 

1993), activated NK cells (Cambiaggi et al.,. 1993) and decidual cells (Ito et al., 1994). 

Additionally, sporadic CD30 expressing cells have been observed in the spleen and the 

thymic medulla particularly surrounding the Hassall’s corpuscles (Pallesen. 1990; Stein et 

al., 1985). More recently, low but consistently detectable levels of CD30 expression have 

also been observed in eosinophils (Matsumoto et al., 2004). The expression of CD30 is a 

function of lymphoid activation that is associated with stimulated T and B lymphocytes 

(Alzona et al., 1994; Andreesen et al., 1984; Ellis et al., 1993; Stein et al., 1985). The 

CD30 antigen is typically expressed by a subset of cells derived from CD45RO+ T cell 

precursors (Ellis et al., 1993). The ability to express CD30 is a feature that all human 

helper-T-cells (Th0, Th1 and Th2) possess. While constitutive expression of CD30 has 

been reported in Th2 cells, CD30 expression is inducible in both Th0 and Th1 cells in vitro 

(Bengtsson et al., 1995) by co-stimulation through CD28 or via the addition of an 

exogenous cytokine, IL-4 (Gilfillan et al., 1998). 
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CD30 overexpression is associated with several lymphoproliferative disorders and the 

identification of CD30 as a specific antigen on the surface of H-RS cells in HL indicated a 

role for CD30 in the pathogenesis of this disease (Schwab et al., 1982; Stein et al., 1982; 

Stein et al., 1985). However, the overexpression of CD30 is not exclusive to HL as it has 

also been identified in NHLs particularly in ALCL (Stein et al., 2000), follicular lymphoma 

(Eckert et al., 1989), adult T cell lymphoma/leukaemia (ATLL) mediastinal large B-cell 

lymphoma (Higgins and Warnke, 1999) and Burkitt’s lymphoma (Jones et al., 1995). 

 

Expression of CD30 in neoplastic cells have also been observed in embryonal carcinoma 

(Pallesen and Hamilton-Dutoit, 1988), T cell acute lymphoblastic leukaemia (Maeda and 

Takahashi, 1989; Pallesen and Hamilton-Dutoit, 1988; Piris et al., 1990) and several virally 

transformed cell lines including human T cell lymphotropic virus -transformed T cells 

(Stein et al., 1985) and EBV-transformed B cells (Abbondanzo et al., 1990). Thus, the 

expression levels of CD30 are of interest to those investigating the aetiology of 

lymphomas.  

 

Shedding of CD30 has been observed in viable CD30 positive cells and this is achieved by 

the proteolytic cleavage of the extracellular region of membrane bound CD30 by zinc-

metalloprotease (Hansen et al., 1995). This protease generates a soluble 85/90 kDa form of 

CD30 (sCD30) (Josimovic-Alasevic et al., 1989). In the serum of healthy individuals, 

sCD30 has been observed to be absent or present at very low levels (Josimovic-Alasevic et 

al., 1989). In contrast, increased levels of sCD30 protein is observed in patients with ALCL 

and HL and serum levels have been linked to clinical features of the disease such as stage, 

symptoms and tumour burden (Gause et al., 1991; Nadali et al., 1998; Pizzolo et al., 1994). 

In addition, elevated levels of sCD30 in sera are correlated with poor prognosis (Younes 



Chapter 1   Literature review 
 

 14 

and Kadin, 2003). Autoimmune diseases such as atopic dermatitis (Bengtsson et al., 1997), 

systemic lupus erythematous, rheumatoid arthritis (Gerli et al., 1995), systemic sclerosis 

(Giacomelli et al., 1997), Graves’ disease (Okumura et al., 1997), Wegener’s 

granulomatosis (Wang et al., 1997) and Hashimoto’s thyroiditis (Okumura et al., 1997) 

also show high levels of sCD30 in the serum of patients. In addition, elevated sCD30 levels 

have been detected in individuals infected with viruses including hepatitis virus B, EBV 

and human immunodeficiency virus, however these elevated levels have not been noted in 

bacterial infections (Younes and Kadin, 2003). A decrease in sCD30 levels in response to 

effective treatment and increases in the case of relapse have been documented by Zinzani et 

al (Zinzani et al.,. 1998), indicating the utility of sCD30 as a specific prognostic indicator 

in HL and ALCL.  

 

1.6 Cellular expression of CD153 

 

CD153 cellular expression is less restricted than that of CD30. CD153 was initially 

identified on activated peripheral blood T cells and the murine T cell line 7B9 (Smith et 

al.,. 1993). Unlike CD30, CD153 exhibits a broad spectrum of expression; it has been 

detected at all stages of haematopoietic development and can be found in bone marrow 

myeloid precursors, subsets of megakaryocytes, and erythroblasts (Gattei et al., 1997). 

Constitutive expression of CD153 has also been observed on neutrophils, eosinophils, 

epithelial cells and Hassell’s corpuscles in the medulla of the human thymus (Romagnani et 

al., 1998). CD153 is also expressed by a variety of neoplastic cells that incorporate the 

mast cell compartment of HL (Gruss et al., 1997), B-cell lymphoproliferative leukaemia 

and acute myeloid leukaemia (Gattei et al., 1997). Within T cells tumours, expression of 



Chapter 1   Literature review 
 

 15 

CD153 was limited to T-cell prolymphocytic leukaemia, ATLL and peripheral T-non HL 

(Gattei et al., 1997).  

 

1.7 CD30 signal transduction in Hodgkin’s disease and anaplastic large cell 

lymphoma 

 

Activation of the CD30 by CD153, or via cross-linking with antibodies, triggers various 

pleiotropic biological effects in human CD30 expressing cell lines. These include 

differentiation, proliferation, activation and cell death all of which are dependent on cell 

type, transformation status, stage of differentiation and the existence of additional stimuli 

(Gruss et al., 1994). As the cytoplasmic tails of members of the TNFR family do not appear 

to posses any intrinsic catalytic activity, these receptors require additional proteins to 

mediate signal transduction events following activation. Signal transduction events can 

proceed via two distinct pathways, receptors that posses a death domain interact with 

FADD and TRADD proteins, while receptors that lack these death domains associate with 

TRAF proteins (Bazzoni and Beutler, 1996). To date, six TRAF proteins have been 

identified, all of which share a conserved C-terminal domain that is responsible for homo- 

and hetro-oligomerisation with other TRAF proteins, as well as interaction with the 

cytoplasmic tails of TNFR superfamily members (Horie and Watanabe, 1998). TRAF 

proteins act as adaptor proteins that engage signalling molecules such as NIK which is 

involved in a signalling cascade leading to NF-κB activation (Baker and Reddy, 1996; 

Malinin et al., 1997). The engagement of CD30 by CD153 results in rapid and sustained 

activation of and subsequent nuclear translocation of NF-κB complexes consisting of p50 

NF-κB and p65 RelA (Biswas et al., 1995; McDonald et al., 1995), suggesting that 

CD30-mediated activation of NF-κB is involved in the induction of cellular genes that 
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contain consensus NF-κB sites in their promoter region (Biswas et al., 1995; Gruss et al., 

1996).  

 

The CD30 receptor has been observed to associate with TRAF proteins 1, 2, 3 and 5 

(Aizawa et al., 1997; Boucher et al., 1997; Bowen et al., 1996). The C-terminal region of 

the CD30 receptor contains three independent subdomains (D1, D2 and D3) that are highly 

conserved between human, mouse and rat, suggesting functional significance. 

Characterisation of TRAF binding motifs in the cytoplasmic tail of CD30 has demonstrated 

that TRAF 1 binds to the sequence M(L/F)SVEE(E/G)G in the D3 subdomain and TRAF3 

binds to the sequence PHYPEQET located within the D2 subdomain (Boucher et al., 1997; 

Duckett et al., 1997; Gedrich et al., 1996). TRAF2 and TRAF5 have been reported to 

interact with both the D2 and D3 subdomains. The role of TRAF2 and 5 in CD30 induced 

NF-κB activation was investigated (Aizawa et al., 1997; Horie et al., 1998) and found that 

both TRAF2 and 5 bind CD30 in vitro and in vivo, mediating the signal transduction events 

that activate NF-κB. The functional role of the D1 subdomain was examined by Horie et al 

(Horie et al., 1998). They discovered, using reporter assays with mutant and deletion 

reporter-constructs that neither TRAF2 nor 5 binds to the D1 subdomain. This study also 

revealed that the D1 subdomain is able to activate NF-κB without any interaction with 

TRAF2 or 5 and that each subdomain is capable of activating NF-κB independently of the 

others. The overexpression of the TRAF domain of TRAF2 and 5 exhibited a dominant 

negative effect on NF-κB activation facilitated by the D1 subdomain. Therefore it was 

proposed (Horie et al., 1998) that a yet to be identified TRAF protein/s may be involved in 

a novel signalling pathway of CD30, unique to the D1 subdomain.  

 



Chapter 1   Literature review 
 

 17 

Utilising confocal immunofluorescence microscopy, the intracellular localisation of these 

TRAF proteins was examined in H-RS cells as well as transformed HEK-293 cells forced 

to express high levels of CD30 (Horie et al., 2002a). Also examined was whether TRAF 

aggregation is dependent upon CD30 mediated activation of NF-κB signalling pathway. 

This analysis indicated that cytoplasmic aggregation as well as membrane clustering of 

TRAFs 2 and 5 is a consequence of high levels of CD30 expression that causes the 

constitutive activation of NF-κB. These cytoplasmic aggregates of TRAF proteins were 

also shown to form complexes with downstream signal transducers including IKK, IκBα 

and NIK (Figure 1.3). The co-localisation of these proteins and kinases indicated a role for 

TRAF proteins as molecular scaffolds in the CD30 signalling pathways.  

 
 
The interaction of TNF ligands with receptors that lack a death domain, promotes 

recruitment of TRAF proteins leading to activation of IKK which phosphorylates IκBα 

resulting in the translocation of active NF-κB into the nucleus (Baker and Reddy, 1996). In 

the H-RS cell lines L428 and KM-H2, mutations in the IκBα gene producing C-terminally 

truncated proteins unable to engage with and sequester NFκB in the cytosol have been 

reported (Cabannes et al.,. 1999; Emmerich et al.,. 1999). These defective IκBα proteins 

are associated with constitutive NF-κB activity, as are constitutively active IKK’s in the 

H-RS L591, L1236 and HDLM-2 cell lines. These cell-lines express the wild type IκBα 

protein (Krappmann et al., 1999). A mutation in the IκBα gene encoding a non-functional 

protein has also been described in the L428 cell-line (Emmerich et al., 2003). These 

mutations producing non-functional IκBs have also been found in primary H-RS cells 

(Cabannes et al., 1999; Emmerich et al., 1999; Emmerich et al., 2003). Thus mutations in  
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Figure 1.3 Schematic representation of molecules involved in the CD30 mediated NF-κB 
activation pathway proposed by Horie et al., 2002a. 
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key/critical regulators of NF-κB can explain the constitutive activity of this transcription 

factor in some H-RS cell-lines and primary cell lines of some patients. 

 

Another component of constitutive NF-κB activation in H-RS cells appears to be the 

overexpression of CD30. It has been shown (Horie et al., 2002b)  that the constitutive 

NF-κB activation observed in H-RS cells is contributed to by a ligand-independent 

signalling mechanism inducible by overexpression of CD30. This requires the self-

association of the extracellular and cytoplasmic regions of CD30, resulting in constitutive 

recruitment of TRAF 2 and 5 and subsequent NF-κB activation independent of engagement 

with CD153. It was also found that this constitutive NF-κB activation induced by CD30 

overexpression can be blocked by dominant negative forms of IκBα, TRAF2, and TRAF5 

as well as a decoy CD30 mutant lacking the cytoplasmic region. Co-expression of this 

CD30 mutant prevented recruitment of TRAF proteins and downstream activation of NF-

κB, indicating that the NF-κB activation in these cells is at least in part due to CD30-TRAF 

signalling, and that the overexpression of CD30 drives NF-κB activation in H-RS cells 

(Figure 1.4) (Horie et al.,. 2002b). However, a greater reduction in cell viability was 

observed with a dominant negative IκBα construct than the decoy CD30 receptor which is 

unable to interact with TRAF proteins. This, coupled with the failure of the dominant 

negative TRAF2 and TRAF5 constructs to completely prevent NF-κB activation in L428 

cells  (Horie et al., 2002b), suggests that whilst CD30 overexpression is one, and possibly 

the most important, component of the constitutive NF-κB activation observed in primary 

H-RS cells and cell-lines it does not render the role of aberrant IκBα and IKK signalling, 

also observed in the L428 cell-line, redundant.  
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Figure 1.4 Summary of the CD30 signalling transduction pathways in H-RS and ALCL 
cells as proposed by Watanabe et al., 2005. Overexpression of CD30 results in self-
activation in the absence of a ligand. The CD30-ERK1/2MAPK-JunB-AP-1 signalling 
pathway is a common pathway shared by H-RS and systemic and cutaneous ALCL cells 
which contributes to overexpression of CD30 in these cells. Activation of CD30 initiates 
the TRAF-IKK-IκB-NF-κB (left) signalling pathway in H-RS and [NPM-ALK(-)] systemic 
and cutaneous ALCL. This pathway is disrupted in [NPM-ALK(+)] systemic ALCL cells 
(right) due to the association of NPM-ALK with TRAF proteins and activation of ALK 
tyrosine kinase promotes the growth of ALCL cells 
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Unlike H-RS cells, NF-κB is not constitutively active in ALCL cells despite high CD30 

expression levels (Bargou et al., 1996), suggesting that activated/overexpressed CD30 links 

to distinct signalling pathways in H-RS and ALCL cells. This observation was further 

verified with EMSAs. NF-κB activation occurred in H-RS and transformed cell lines 

expressing high levels of CD30 but was not observed in ALCL cell lines that expressed the 

chimeric oncoprotein NPM-ALK (Horie et al., 2004). NPM usually functions as a 

nucleolar shuttle, whilst ALK is a monomeric receptor tyrosine kinase belonging to the 

insulin receptor subfamily that is normally expressed exclusively on neural tissues, as 

determined using a mouse model (Bischof et al., 1997; Morris et al., 1997). NPM-ALK, is 

created by a chromosomal translocation t(2;5)(p23;q35) that fuses the NPM sequences 

located on chromosome 5 to ALK sequences on chromosome 2. This effectively replaces 

the ALK promoter, usually silent in cells of lymphoid origin, with the strong NPM 

promoter (Morris et al., 1994). The resultant chimera contains the N-terminal portion of 

NPM and the C-terminal catalytic domain of ALK (Bischof et al., 1997). Interaction 

between the NPM domain of monomers leads to formation of an NPM-ALK hexamer. This 

oligomerisation is required for the constitutive kinase activity characteristic of the NPM-

ALK oncoprotein (Bai et al., 1998; Bischof et al., 1997). Due to the significant homology 

between LTK and ALK, it has been suggested that NPM-ALK-driven transformation of 

lymphocytes involves substrates utilised in LTK signal transduction (Morris et al., 1997). 

 

Further data (Horie et al., 2004) provided evidence that NPM-ALK is able to inhibit the 

CD30-NF-κB signalling pathway in H-RS cells (and by extension providing an explanation 

for the absence of NF-κB activation in ALCL cells) by preventing the recruitment and 

aggregation of TRAF proteins to the cytoplasmic tail of the CD30 receptor. Both the 

chimeric structure of NPM-ALK and the ALK domain, which in addition to its kinase 
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activity enables interaction with TRAF proteins, appear to be necessary for this effect. This 

inhibitory effect on the CD30 NF-κB signalling pathway was only observed in cells that 

possessed the NPM-ALK protein and not other chimeric ALK proteins. Transduction of 

NPM-ALK into H-RS cells resulted in these cells developing an ALCL-like morphology, 

and exhibiting induction of ALCL protein markers such as membrane antigen Mucin 1, and 

clusterin (also known as Apo1) which are unique features of ALK-positive ALCL (Jaffe, 

2001). Thus these studies revealed that NPM-ALK has an inhibitory effect on the CD30-

TRAF-NF-κB signalling pathway (Figure 1.4) as well as indicating that the chimeric NPM-

ALK oncoprotein is able to alter the phenotype of CD30 expressing cells (Horie et al., 

2004).  

 

Previous studies carried out by Pocsik et al (Pocsik et al., 1994) and Freiberg et al 

(Freiberg et al., 1997) have also demonstrated that the density levels of other members of 

the TNF-R family such as tumour necrosis factor receptor 1 (TNF R1) and Fas receptors 

have an impact on which of these signals predominate. These studies have shown that high 

densities of these receptors are able to induce proliferative signals while low receptor 

densities initiate apoptosis. This observation supports the data generated in our laboratory 

that suggest that the nature of the response in ALCL is dependent on CD30 density on the 

cell surface. Willers et al (Willers et al., 2003) have shown that culture conditions are able 

to alter receptor density levels. Using three ALCL cell lines SU-DHL-1, SR-786 and 

Karpas-299 we were able to show that cells with high receptor densities undergo a lower 

level of apoptosis compared to cells with low receptor densities upon treatment with the 

CD153. In addition using an ALCL culture model, we have also been able to show that 

following siRNA knockdown of CD30, the cell’s response is skewed towards apoptosis and 

measurements of Caspase 3 levels via flow cytometry have also indicated an increase in 
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apoptotic potential and a decrease in proliferation (Franchina et al., 2006). These findings 

suggest that a low receptor density enables anti-proliferative signals or apoptotic signals to 

predominate resulting in tumour regression. In contrast, high receptor densities allow 

proliferative signals to predominate leading to growth of the tumour via an as yet 

uncharacterised signalling pathway.  

 

Hirsch et al (Hirsch et al., 2008) examined CD30 mediated NF-κB signalling in H-RS and 

ALCL cell lines. More specifically, they examined intermediates of the two main pathways 

(canonical and non-canonical) that affect the activation of NF-κB (For further reading see 

(Bonizzi and Karin, 2004)). Stimulation of CD30 in Hodgkin’s cell lines did not affect 

NF-κB activity, cell proliferation or global gene expression according to microarray 

analysis. Conversely, activation of CD30 in ALCL cells did cause substantial differences in 

gene expression. This study identified new CD30 target genes regulated by NF-κB and 

indicated that stimulation of CD30 is able to activate both the canonical and non-canonical 

NF-κB pathway in ALCL cells, an observation previously reported by Wright et al (Wright 

et al., 2007).  

 

The effect of CD30 expression on the proliferation of Hodgkin’s and ALCL cells was also 

examined by Hirsch et al (Hirsch et al., 2008).  Stimulation of CD30 in Hodgkin’s cells did 

not affect proliferation of these cells, though a considerable decrease in proliferation of 

ALCL cells was noted. Trypan blue dye exclusion test and the Annexin V-FITC/propidium 

iodide assay revealed that CD30 stimulation did not affect cell death in either Hodgkin’s or 

ALCL cells. A number of apoptosis-related CD30 target genes were also revealed via 

microarray analysis of ALCL cells. However, as no cell death was observed in stimulated 

ALCL cells, Hirsch et al (Hirsch et al., 2008) suggested that these cells were protected 
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from apoptosis, possibly by the expression of the antioxidant enzyme MnSOD, cIAP2 and 

caspase-8 antagonist, c-FLIP. These findings imply that CD30 activation in ALCL cells is 

able to initiate both apoptosis-protecting and apoptosis-inducing systems. Utilisation of the 

ALCL cell line Karpas-299 in which NF-κB was blocked by an inhibitor, demonstrated a 

minor increase in apoptosis, however, upon CD30 stimulation a significant increase in 

apoptosis was observed in these cells. This response was postulated to be due to the 

activation of caspases (caspase 8, 3 and 9) as well as cleavage of BH3 interacting domain 

death agonist (Bid) and poly (ADP-ribose) polymerase 1 (PARP), as the observed effect 

was reversed by a pan-caspase inhibitor. These findings indicate that stimulation of CD30 

alone is insufficient to trigger apoptosis in ALCL cells and imply treatment of ALCL 

should take into account a combination of factors i.e. anti-CD30 antibodies as well as 

NF-κB inhibitors to induce successful tumour cell death. This conclusion is also supported 

by other studies (Boll et al., 2005; Doronina et al., 2003). 

 

Ligand-independent CD30 signalling in Hodgkin’s cells, first observed by Horie et al 

(Horie et al., 2002b) was also examined by Hirsch et al (Hirsch et al., 2008). Using siRNA 

knockdown assays they examined gene expression profiles of HL and ALCL cells. 

Stimulation of CD30-silenced HL cells with monoclonal antibodies did not result in 

changes in gene expression (observed via microarray analysis) nor in proliferation, 

suggesting that constitutive ligand-independent signalling of CD30 is absent in these cells. 

In contrast, the silencing of CD30 in ALCL cells abolished CD30 signalling events as 

shown through microarray analysis. In addition, the impact of CD30 expression on the 

NPM-ALK fusion protein was examined with no detectable difference reported in CD30 

silenced and control ALCL cells, indicating that NPM-ALK expression is not influenced by 

the expression of CD30.  
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The studies by Hirsch et al and Horie et al (Hirsch et al., 2008; Horie et al., 2002b) 

demonstrated differences in CD30 signalling pathways observed in the various cell lines 

tested. These conflicting/paradoxical observations may indicate differential CD30 

signalling is context dependent and may rely on such factors as growth condition of cells or 

strength of the CD30 signal. CD30 knockdown assays carried out by Hirsch et al (Hirsch et 

al., 2008) and Franchina et al (Franchina et al., 2006) demonstrate differences in signalling 

responses following activation/stimulation of CD30 via its ligand or antibodies suggesting 

that differential CD30 signalling may depend on how the receptor is activated. This accords 

with earlier data which suggests that the nature of the signal depends on the strength of 

activation (Mir et al., 2001).  

 

These studies suggest that the differences in signalling responses observed in HL and 

ALCL cells may relate, at least in part, to CD30 expression levels. Therefore 

characterisation of the CD30 gene and the mechanisms that regulate its expression are 

likely to provide insights into the role of CD30 in disease progression in HL and ALCL. 

Such knowledge may lead to the discovery of therapeutic interventions for these diseases. 

  

1.8 Structure characterisation of the CD30 promoter and regulation of the 

CD30 gene 

 

Dürkop et al (Dürkop et al., 1992) observed two CD30 mRNA species via northern blot 

analysis. These transcripts were only detected in CD30 positive cell lines, raising the 

possibility that the expression of CD30 is regulated at the transcriptional level. To 

investigate the transcriptional regulation of CD30, our laboratory (Croager et al., 1998) 

isolated and compared the promoter sequence from murine and human CD30. 
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Approximately 3.5 kb of the human CD30 promoter was isolated from genomic DNA and 

cloned. Sequencing analysis of the section located immediately upstream of the CD30 

coding sequence revealed the presence of a very GC-rich region lacking both  TATA and  

CAAT boxes (Croager et al., 1998). Assessment of this upstream sequence revealed several 

putative transcription factor binding sites. Of particular interest, was the presence of an Sp1 

transcription factor binding site, as Sp1 consensus binding sites are known to be involved 

in the transcriptional initiation of genes that lack a TATA box (Pugh and Tjian, 1991; 

Smale et al., 1990). As the CD30 gene lacks a TATA box, it is possible that this Sp1 site 

may act as a surrogate for the TATA motif. The murine CD30 gene was also shown to lack 

a TATA box. Additionally, we identified a region 6-26 bp downstream of the major human 

transcriptional start site that possessed sequence identity to that of the consensus 

downstream promoter element (DPE) that is present in many TATA-less promoters (Burke 

and Kadonaga, 1996).  

 

To further characterise regulatory elements of the human CD30 promoter, the transcription 

start site was determined. Based on previously published cDNA data and the use of an 

RNase protection assay, four products were observed indicating the presence of several 

transcription start sites for this gene. However the product that generated the most 

prominent signal indicated the location of the major transcriptional start site as 302 bp 

upstream of the first ATG codon (Croager et al., 1998). Cloning of the 5’ region of the 

CD30 promoter from –336 to +199 was undertaken in an attempt to identify functional 

promoter regions upstream of the human CD30 gene. Reporter assays indicated the region 

between – 90 and – 25 was responsible for the high level of CD30 expression. Interestingly 

this region contained the previously identified conserved Sp1 transcription factor binding 

site. In addition, we observed that the region downstream of –25 influenced expression of 
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the reporter gene, suggesting that the region contains important elements involved in the 

transcriptional regulation of CD30 (Croager et al., 1998).   

 

Work in our laboratory (Croager et al., 2000) also identified functional promoter elements 

upstream of the human CD30 gene. Identification of DNA elements that regulate the 

transcription of CD30 involved the sub-cloning of the 5’ flanking region of the CD30 gene 

from –3500 to +199. Transient transfection results demonstrated that the full length –3500 

construct was able to produce low level expression of the reporter gene. This study 

demonstrated that deletion from –90 to –40 results in a dramatic decrease in promoter 

activity implying strong positive regulatory elements are present in the region containing 

the Sp1 site. Mutational analysis disrupting this Sp1 site (position –43 to –38) (Figure 1.5) 

demonstrated a significant effect on transcription and abolished equivalent to the level 

observed with the vector-only construct (Croager et al.,. 2000). 

 

These studies demonstrate that this Sp1 site is a critical element that is essential for the 

transcription initiation of CD30. Electrophoretic mobility shift assay (EMSA) studies have 

shown that a DNA-protein complex containing the Sp1 protein formed within this region 

(Croager et al., 2000), supporting the theory that this Sp1 site acts as a surrogate TATA 

motif that recruits TATA binding proteins that are involved in the formation of the 

transcription initiation complexes (Smale et al., 1990). Work by Dürkop et al (Dürkop et 

al., 2000) has also examined the promoter region of the CD30 gene and identified several 

transcription factors that are involved in the regulation of this gene. Through comparisons 

between CD30+ and CD30- cell, this study demonstrated that the restricted expression of 

CD30 is mainly due to the activity of its promoter. Characterisation of the promoter
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Figure 1.5 A schematic representation of the proximal promoter of the human CD30 gene. Depicted are previously characterised 
transcriptional regulatory elements that have been shown to be involved in the regulation of CD30 expression. While several SP-1 
sites have been identified within the promoter, the one shown here is the one responsible for maximum reporter gene activity. 
Activators of the CD30 gene are coloured in green while repressors are coloured red.  
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region revealed the presence of a TATA-less and GC rich promoter. This analysis also 

identified three Sp1 sites (-76, -126 and -237) and a single Sp3 site (-367) located upstream 

of the transcriptional initiation site. Function analysis of these three Sp1 sites through the 

introduction of point mutations revealed that mutations across all three sites resulted in 

almost a complete loss of the CD30 promoter activity. Mutation of the Sp3 site alone only 

resulted in a slight increase in promoter activity levels in CD30+ L540 and Jurkat cells. 

 

Our promoter analysis also identified the –1200 to –336 promoter region as containing a 

strong repressor, deletion of the region resulted in a 3.5 fold increase in promoter activity 

(Croager et al., 2000). Sequence analysis of this region uncovered the presence of a 400 bp 

tetranucleotide microsatellite of the type [(CCAT)2-12CCACTTATGCAT]n (Croager et al., 

2000) (Figure 1.5). Sequence comparison of the human microsatellite and the 

corresponding murine sequence indicated evolutionary conservation in the CD30 promoters 

of both species. To examine the role of the microsatellite in the repression of CD30 

expression, a construct containing only 4 copies of the microsatellite repeat was compared 

with the entire –1200 to –336 microsatellite region for its ability to repress CD30 

expression. It was observed that 4 CCAT repeats were capable of repressing transcription. 

However deletion of all CCAT repeats was shown to relieve repression by 3.8 fold. To 

identify DNA-protein interactions within the microsatellite region, EMSA studies were 

undertaken which indicated that the repression of CD30 is mediated by CCATCCAT 

consensus binding proteins (Croager et al., 2000).  

 

Additionally a highly conserved region located downstream of the major transcription 

initiation site was identified (Croager et al., 2000). Mutations were introduced into this 

region to determine its functional importance. Results implied that this region was not 
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important in regulation of CD30 expression, however a mutation from +20 to +26 in this 

DPE resulted in a 2-fold increase in reporter gene activity.  mRNA from the wild type and 

the mutated constructs were compared revealing that the construct with the mutated DPE 

region produced a shortened transcript (Croager et al., 2000). This suggested that the DPE 

region is responsible for start site selection. Despite the production of a short transcript, 

results obtained in this study suggest that post-transcriptional events may lead to an 

increase in CD30 protein. Recent work in our laboratory (unpublished) has indicated the 

presence of several alternative transcriptional start sites detected in several lymphoid cell 

lines (Figure 1.5). This suggests that the cooperative nature between the DPE and these 

alternative transcriptional start sites in different lymphoid cell lines could affect CD30 

expression levels. As the transcription of a single gene from various promoters enables 

additional flexibility in the regulation of gene expression as discussed by Kozak (Kozak, 

1991), it is possible that such promoters could possess cell-specific activities.    

 

As previously mentioned the CD30 promoter contains a CCAT microsatellite repeat region 

that has been previously demonstrated to have a repressive effect on the transcription of 

CD30 (Croager et al., 2000). To further elucidate the repressive nature of this region, we 

have focused on defining potential transcription factors that bind to the CCAT repeats and 

mediate the repression of CD30 transcription. Utilising a yeast-one hybrid library, the 

transcription factor YY1 was identified to bind to this tetranucleotide repeat region (Figure 

1.5) (Franchina et al., 2008). YY1 is a ubiquitous protein that can act as either a repressor 

or activator of gene activity dependent on certain cellular conditions (Galvin and Shi, 1997; 

Shi et al., 1997). ALCL cell lines were used in this study (Franchina et al., 2008). These 

cells displayed high levels of myc expression and YY1 has previously been reported to 

associate with the proto-oncogene c-myc (Shrivastava et al., 1993). Furthermore the c-myc 
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interaction domain of YY1 is able to interact with transcriptional co-regulators and 

activators such as TFIIB and TBP (Austen et al., 1997; Usheva and Shenk, 1994). It is 

proposed when bound to the upstream sequence of the CD30 microsatellite, YY1 acts on 

TBP and/or TFIIB and is able to modulate transcriptional activity. In contrast, in ALCL 

cells that display elevated levels of myc expression, resultant c-myc binding to YY1 

inhibits the repressive effect of YY1 on CD30 transcription, resulting in elevated levels of 

CD30 expression (Franchina et al., 2008).     

 

Watanabe et al (Watanabe et al., 2003) characterised the structure of the microsatellite 

region of the CD30 promoter in H-RS cells (Stein et al., 1985). Analysis of this 

microsatellite region in H-RS cells identified an AP-1 transcription factor binding site 

located at position –377 to –371 (Figure 1.5). Functional investigation of this site indicted 

that it mediates enhancement of the core promoter activity in these cells. EMSA analysis of 

the microsatellite identified the binding of the oncogene JunB to this AP-1 site of the 

microsatellite. However, JunB was observed to bind to this region in nuclear extracts 

obtained from H-RS cell lines only and not from any other cell lines (Watanabe et al., 

2003). In vivo and in vitro constitutive expression of JunB was observed in H-RS cells 

(Watanabe et al., 2003). This study raised the possibility that the constant overexpression 

of JunB causes the overexpression of CD30 in H-RS cells by acting on the AP-1 site of the 

CD30 microsatellite, thereby relieving the suppressive activity of the microsatellite on the 

Sp-1-derived core promoter. In 2005, Watanabe et al (Watanabe et al., 2005) investigated 

the influence of JunB on CD30 promoter activity in ALCL cells lines. They reported that 

the AP-1 site of the CD30 microsatellite is functionally responsive to JunB and that the 

expression of JunB plays a role in the high levels of promoter activity in both H-RS and 

ALCL cell lines (Watanabe et al., 2005). Therefore we proposed that the high level of 
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CD30 expression observed in ALCL cells could be due to the combined effect of JunB and 

c-myc acting on YY1 (Franchina et al., 2008). 

 

Mechanisms that contributed to the high levels of CD30 and JunB in H-RS and ALCL cells 

were examined further (Watanabe et al., 2005). As high levels of CD30 are sufficient to 

activate a ligand independent signalling pathway that initiates the activation of NF-κB, it 

was postulated that the overexpression of CD30 in H-RS and ALCL was due to an 

autonomous CD30-NF-κB-JunB loop system (Figure 1.4). However, obstruction of NF-κB 

by an inhibitor did not show a significant reduction in promoter activity. In addition 

expression of JunB is observed in both H-RS and ALCL regardless of whether NF-κB is 

active or not. Stimulation of CD30 has been reported to activate the MAPK signalling 

pathways JNK, p38 and ERK 1/2 (Harlin et al., 2002; Matsumoto et al., 2004). The effect 

of inhibitors of MAPK pathways on JunB expression in H-RS and ALCL cells was 

subsequently explored. This analysis implicated a CD30-ERK1/2 MAPK pathway involved 

in the induction of JunB in ALCL and H-RS cells which is believed to activate the CD30 

promoter by binding to the previously identified AP-1 site in the CD30 microsatellite 

region, thereby relieving its repressive activity (Watanabe et al., 2003; Watanabe et al., 

2005).   

 

Watanabe et al (Watanabe et al., 2003) examined the possibility that the size of the CD30 

microsatellite may be shortened in H-RS cells due to microsatellite instability, which is 

associated with various diseases including HL (Baccichet et al., 1997; Hatta et al., 1998; 

Mark et al., 1998; Tanosaki et al., 1998). Results from this study demonstrated that the 

number of CCAT repressive repeats in H-RS was not decreased compared to normal cells. 

Therefore differences in the promoter activity are independent of the number of CCAT 
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repeats found in the CD30 microsatellite region (Watanabe et al., 2003). More recent work 

examined the degree of instability of the CD30 microsatellite in ALCL lymphoid biopsies. 

It was observed that the microsatellite region exhibits instability that was due to small 

deletions or insertions of the CCAT repeat unit, however no association was found between 

microsatellite length and level of CD30 expression (Franchina et al., 2008).  

 

As previously reported, the NPM-ALK oncoprotein is able to inhibit the CD30 mediated 

NF-κB signalling pathway that is active in proliferating tumour cells (Horie et al., 2004). 

Hsu et al (Hsu et al., 2006) observed that repression of NPM-ALK in ALCL cells causes 

down regulation of CD30 expression levels, suggesting a functional relationship between 

these two components in ALCL, where the overexpression of CD30 in ALCL could be due 

to the presence of the NPM-ALK fusion protein. In addition, this study also revealed that 

the NPM-ALK protein regulates the level of CD30 expression through the binding of JunB 

to the upstream promoter region of the CD30 gene in ALCL. In NPM-ALK repressed cells, 

low levels of CD30 and a lower level of cell proliferation were observed compared to a 

non-repressed control group, indicating that altered CD30 expression levels may contribute 

to the inhibition of NPM-ALK mediated tumour cell growth.   

 

Work in our laboratory has generated more information about epigenetic mechanisms that 

regulate the transcriptional activity of CD30. A CpG (cytosine-guanosine motif) island was 

identified at –270 to +805 within the proximal promoter of CD30 and spanning the 

transcriptional start site (Fig. 3). CpG islands are stretches of DNA that have a high G + C 

content and a high frequency of CpG dinucleotides compared to bulk DNA (Bird, 1986). 

Approximately 40% of human genes have a CpG island spanning the transcriptional start 

site and these regions are also observed to contain binding sites for transcription factors 
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(Larsen et al., 1992). Methylation of CpG dinucleotides, specifically ones located within 

promoter region of genes is a common mechanism of gene regulation. Watanabe et al 

(Watanabe et al., 2007) confirmed the presence of a CpG island (encompassing 60 CpG 

dinucleotides) that spans the core promoter, exon 1 and intron 1 of the CD30 gene. This 

study also examined the impact of the methylation status of the CD30 CpG island and JunB 

expression levels on the overexpression of CD30 in various H-RS and ALCL cells as well 

as normal lymphocytes and germinal centre cells. Results indicated that an inverse 

relationship exists between methylation status and expression of CD30, suggesting that 

methylation of the CD30 promoter inhibits CD30 expression (Watanabe et al., 2007). 

Enhanced levels of CD30 expression were observed in cell lines that possess high levels of 

methylation following treatment with the demethylating agent 5-azacytidine, lending 

further support to this proposal.  

 

Furthermore, Watanabe et al (Watanabe et al., 2003) reported that the high levels of CD30 

expression observed in H-RS and ALCL cells is attributable to the strong activity of JunB. 

It was documented that the presence of JunB alone was unable to recover activity of a 

methylated CD30 promoter. In addition, induction of CD30 expression by JunB was 

observed in cell lines with partial methylation and this was enhanced by treatment with a 

demethylating agent. These results suggest that the high levels of CD30 expression 

observed in H-RS and ALCL cells could be due to a combination of the methylation status 

of the CpG islands of the CD30 promoter and expression levels of JunB.  
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1.9 Project aims and objectives 

 

CD30 is a cytokine receptor that is a member of the tumour TNFR family. In healthy 

individuals, CD30 is expressed on the surface of a few activated B and T cells, while the 

overexpression of CD30 is associated with HL as well as other NHLs such as ALCL. 

Research in our lab is interested in studying the transcriptional regulation of CD30 as 

preliminary data has demonstrated that the level of CD30 expression is able to determine 

the fate of the cell. Upon treatment with the CD30 ligand, ALCL cells possessing high 

levels of CD30 expression resulted in increased cell survival while cells with a low level of 

CD30 expression resulted in an increase in cell death. In addition, the overexpression of 

CD30 is a diagnostic marker of ALCL and therefore it is important to understand the 

mechanisms that regulate it as this may provide therapeutic avenues for treatment of this 

disease. 

The aims of this thesis were to study CD30 expression at the transcriptional level using 

several approaches. High levels of CD30 are observed in H-RS cells of HL and ALCL 

cells. However previous studies characterisng the CD30 promoter indicated that it lacked 

regulatory elements that explained for the high levels of CD30 expression. Therefore, we 

hypothesise that that regulatory mechanisms responsible for the high levels of CD30 

expression may be due to regulatory elements located up or downstream of the proximal 

promoter. The first aim was to identify and characterise regions within the human CD30 

gene that are involved in its transcriptional regulation in ALCL and HL cell lines. 

Phylogenetic footpriniting of the CD30 gene across several species identified several 

conserved regions for consensus binding motifs indicating regions of potential functional 

importance that are involved in transcriptional regulation. These identified regions were 
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validated and localised within intron 1 of the CD30 gene through two in vivo methods, 

DNase 1 hypersensitivity assay and chromatin accessibility studies.   

 

The second aim of this thesis was to test the functional significance of previously identified 

conserved regions in the transcriptional control of CD30 expression. This was achieved 

through the generation of a series of reporter constructs with various lengths of the intronic 

hypersensitive region cloned downstream of the luciferase gene driven by the full length 

CD30 promoter. Comparisons of transcriptional activity for each set of constructs enabled 

the localisation of transcriptional elements within intron 1 of the CD30 gene involved in the 

regulation of gene expression. In vitro studies were then carried out to aid in identification 

of proteins binding to the regions of functional importance through EMSAs. In addition, 

this project also analyses expression profiles of several genes across a panel of CD30- and 

CD30+ cells through microarrays to aid in the identification of potential genes that may be 

involved in the transcriptional regulation of CD30. These findings will provide us with a 

greater understanding of the various mechanisms that modulate CD30 expression levels. 

Elucidation of the role of CD30 in the progression of CD30+ disease states would thus 

enable the development of potential therapeutic avenues that may alter a proliferating 

tumour cell into an apoptotic one.  
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2.1 BIOCHEMICAL REAGENTS, BUFFERS AND SOLUTIONS 

 

All biochemical reagents employed in this project were of molecular biology grade and 

were purchased from several companies. Sigma Chemical Company (Sigma-Aldrich Pty 

Ltd, Australia), Promega Corporation (Australia), Difco Laboratories (USA), BDH 

Laboratories (Merck Pty Ltd, Australia), Invitrogen Life Technologies (Invitrogen 

Australia Pty Ltd, Australia), Gibco Invitrogen Cell Culture, (Invitrogen Australia Pty Ltd, 

Australia) and Fluka Chemicals (Australia). DNA-modifying enzymes and restriction 

endonucleases were purchased from Promega Corporation (Australia), Invitrogen Life 

Technologies (Invitrogen Australia Pty Ltd, Australia) and New England Biolabs 

(Genesearch Pty Ltd, Australia). Antibiotics were purchased from Sigma Chemical 

Company (Sigma-Aldrich Pty Ltd, Australia). Radioisotopes were purchased from Perkin 

Elmer Life and Analytical Sciences (USA).  

All solutions and buffers were prepared according to instructions as described in Sambrook 

and Russell, 2001, Molecular Cloning: A Laboratory Manual, second edition, using double-

deionised Millipore-filtered water (ddH20)or molecular-biology grade organic solvent and 

was sterilised either by autoclaving or by filtration though a sterile 0.2 µm AcrodiscTM  

syringe filter. All disposable plastic labware was purchased nuclease free and sterile from 

Sarstedt (Sarstedt Pty Ltd, Australia). 

 

2.2 COMMERCIALLY PURCHASED LABORATORY REAGENT KITS 

AND MATERIALS 

 

All commercially purchased kits utilised in this thesis were purchased from Qiagen Pty Ltd 

(Australia), Amersham Biosciences (USA), Invitrogen Life Technologies (Invitrogen 
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Australia Pty Ltd, Australia), Eastman Kodak Company (USA)and Promega Corporation 

(Australia) 

 

2.3 MAMMALIAN CELL CULTURE 

 

2.3.1 Cell Culturing Conditions 

 

Cell lines used were originally cryogenically preserved in liquid nitrogen for long term 

storage. To restore cultures from cryopreservation, a single vial was rapidly thawed at 37oC 

before suspension in 10 mL of complete media in a 15 mL falcon tube. Following gentle 

inversion, the suspension was centrifuged at 1000 rpm for 5 min in a Jouan C312 with 

swinging rotor to collect cells. The cell pellet was resuspended in 4-6 mL of fresh growth 

media. The suspension was transferred to a 25 cm2 filter-top culture flask and maintained at 

37o C with 5 % CO2. 

 

HD-MY-Z, SU-DHL-1, KARPAS-299 and JURKAT cell lines were maintained in RPMI-

1640 medium with L-glutamine (Gibco Invitrogen Cell Culture, Australia), supplemented 

with 10 % (v/v) heat-inactivated foetal calf serum (FCS) (Gibco Invitrogen Cell Culture, 

Australia), 100 U/mL penicillin and 100 µg/mL streptomycin (Gibco Invitrogen Cell 

Culture, Australia). SR-786 cell line was maintained in RPMI-1640 medium with L-

glutamine supplemented with 15 % (v/v) heat-inactivated foetal calf serum (FCS), 100 

U/mL penicillin and 100 µg/mL streptomycin. HDLM-2 and L-540 cell lines were 

maintained in RPMI-1640 medium with L-glutamine, supplemented with 20 % (v/v) heat-

inactivated foetal calf serum (FCS), 100 U/mL penicillin and 100 µg/mL streptomycin. All 

cell lines were maintained at 37o C with 5 % CO2 according to ATCC cell-specific 

guidelines.  
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2.3.2 Cell Counting 

 

Prior to performing a cell count, cultures were gently mixed to ensure an even suspension 

of cells. A 20 µL aliquot of the cells was thoroughly mixed with an equal volume of trypan 

blue (Sigma-Aldrich, Australia) and loaded onto a haemocytometer. Cell density in the 

culture was calculated by counting all viable cells in each of the corners of the grid and 

dividing by the total numbers of corners examined. This value is then multiplied by the 

dilution factor and is expressed as x 104 cells/mL. 

 

2.3.3 Cryopreservation of Cells 

 

Cryopreservation of cell lines ensured their long-term storage. Cells were cultured in 

complete growth media until they reached mid-late log phase of growth. Cells were 

harvested by centrifugation at 1000 rpm (Jouan C312 swinging rotor) for 5 minutes and 

resuspended at 5 x 106 cells/mL in freshly prepared cryopreservation media containing 

70 % (v/v) complete growth media, 20 % (v/v) FCS and 10 % (v/v) dimethyl sulphoxide 

(DMSO). Resuspended cells were aliquoted into a 1.5mL Eppendorf cryovials (Nalgene 

cryoware; Nalge Nunc International, USA). The vials were slowly cooled to -80o C before 

being transferred to liquid nitrogen for long-term storage. 

 

2.4 BACTERIAL CELL CULTURE 

 

Bacterial transformation of cloned plasmids performed throughout this project utilised 

either XL1-Blue (Stratagene, USA) or DH5α-T1R (Invitogen Life Technologies, Australia). 
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2.4.1 Preparation of competent Escherichia coli 

 

E.coli cells were prepared according to methods as described in Sambrook and Russell 

(2001). A glycerol stock of the desired host strain was streaked out on non-selective 2YT 

agar and incubated at 37o C overnight. A single bacterial colony was then used to inoculate 

100 mL of 2YT broth and incubated with shaking at 37o C till cells reached mid-log phase. 

This was determined by measuring the optical density of the culture at OD600. Once OD600 

of the cells reached approximately 0.6, the flask containing the cells was chilled on ice for 

10 min. Bacterial cells were collected by centrifugation at 4o C for 15 min at 3750 rpm on a 

Beckman J2-MC (Beckman Coulter, Australia) before resuspension in 500 µl of cold 

solution A (50 mL of 2YT broth, 500 µL of 1 M MgSO4, 1 mL 10 % glucose [Filter 

sterilised]) by swirling the Eppendorf tube. This was followed by the addition of 2.5 mL of 

Solution B (7.2 mL 100 % autoclaved Glycerol, 2.4 g PEG, 240 µL 1 M MgSO4 made up 

to 20 mL with 2YT broth) and the bacterial cell suspension was mixed gently by swirling 

on ice. The competent cells were then aliquoted in 1.5 mL Eppendorf tubes ready for single 

use and stored at -80o C.   

 

2.4.2 Bacterial Cultures 

 

All bacterial cultures utilised in the project were propagated in 2YT medium (pH 7.0) 

consisting of 16 g/L of bacto-tryptone (DIFCO, USA), 10 g/L of bacto-yeast extract 

(DIFCO) and 5 g/L of sodium chloride. This medium was sterilised before use. Bacterial 

cultures used for plasmid amplifications were grown with shaking at 37o C overnight with 

the medium supplemented with either ampicilin (100 µg/mL) or kanamycin (50 µg/mL) as 

required.  
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For bacterial growth on semi-solid medium, 2YT agar was made up by the addition of 15 g 

of bacto-agar (DIFCO) to every 1 L of 2YT broth. Following sterilisation, molten agar was 

cooled to 50o C before the addition of the required antibiotics for selection. All bacterial 

culture media was made up using ddH2O and sterilised by autoclaving.  

 

2.5 OLIGONUCLEOTIDES 

 

Oligonucleotides utilised in several applications were purchased from Sigma Genosys 

(sigma-Aldrich Pty Ltd, Australia). All oligonucleotides were desalted and received 

lyophilized, before being resuspended in 1X Tris-EDTA (TE) buffer (10mM Tris pH8.0, 

1mM EDTA pH8.0) or ddH20 to the desired concentration.  Oligonucleotides were 

aliquoted and stored at -20o C until required. Oligonucleotides utilised in electrophoretic 

mobility shift assay (EMSA) were ordered 3’ biotinlyted on the forward strand. To 

prepared double-stranded oligonucleotides, equal amounts of complementary single 

stranded oligonucleotides were mixed and heated to 80o C for 5 min to denature secondary 

structures and gradually cooled to room temperature.   

 

2.6 ELECTROPHORETIC SEPARATION OF DNA 

 

2.6.1 Agarose Gel Electrophoresis 

 

The concentration of agarose in the gel differed in relation to the size of nucleic acid to be 

resolved. For DNA that was greater then 1 kb in size a 1 % gel was used while DNA 1 kb 

or smaller were resolved on a 2 % agarose gel. A 1 % (w/v) agarose gel was prepared by 

the addition of 1 g of agarose in 100 mL of 1X Tris-Acetate-EDTA (TAE) buffer (50mM 

tris-acetate pH8.0, 1mM EDTA pH 8.0) and heating the mixture until the agarose is 
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completely dissolved.  When cooled, ethidium bromide was added to a final concentration 

of 1 µg/mL before being poured onto a clean gel tray (Bio-Rad Laboratories, Australia) 

with the ends taped and a gel comb in place. The gel was allowed to cool for at least 30 min 

to set completely before use.  

Once set, the apparatus was submerged in 1X TAE in the gel tank and samples were loaded 

into the wells following the addition of an appropriate volume of 10X loading buffer (50 % 

(w/v) sucrose, 0.25 % (w/v) bromophenol blue and a few drops of sodium hydroxide to 

turn the solution a dark blue) to give a final working concentration of 1 X. A constant 

voltage of 80-100 volts (V) is applied for 45-60 min. Upon completion of electrophoresis, 

separated DNA fragments were visualised utilising a ultra-violet (UV) transilluminator.    

 

2.7 ISOLATION AND PURIFICATION OF DNA 

 

2.7.1 Phenol:Chloroform Purification of DNA 

 

This is a technique that is used to remove lipids and proteins from nucleic acid solutions. 

An equal volume of equilibrated phenol:chloroform (1:1, v/v) is added to the nucleic acid 

solution. This mixture is vortexed thoroughly to dissolve and denature residual proteins and 

lipids. This solution is centrifuged at 14000 rpm for 5 min at 4o C (Eppendorf Centrifuge 

5417R, [Eppendorf, Germany]) to separate the aqueous (upper) and organic (lower) phases. 

The aqueous layer was then removed to a clean 1.5 mL Eppendorf tube and an equal 

volume of chloroform:isoamyl alcohol is added. The mixture is again vortexed thoroughly 

and centrifuged with the conditions as mentioned above. The aqueous phase was once 

again removed and transferred to a clean 1.5 mL Eppendorf tube for ethanol precipitation.   
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2.7.2 Ethanol Precipitation 

 

Ethanol precipitation was utilized to concentrate DNA solutions as well as to remove 

protein, salts and any remaining phenol or chloroform. To the aqueous DNA solution, 0.1 

volume of 3 M sodium acetate and 2.5 Vol of ice cold 100 % ethanol was added. The 

mixture was vortexed thoroughly and incubated at –80o C for 30 min. The solution was 

removed from the freezer and was allowed to thaw before being vortexed and centrifuged 

at 14 000 rpm for 30 min at 4o C to pellet precipitated DNA. Following centrifugation, the 

supernatant was removed and the pellet was allowed to air dry at room temperature for 5 

min. The DNA pellet was then resuspended in 1X Tris-EDTA (TE) buffer and stored at 

-20o C until ready for further use. 

 

2.7.3 Extraction and Purification of DNA from Mammalian Cell Lines 

 

Genomic DNA extracted from mammalian cell lines were carried out using the QIAamp® 

DNA Mini and Blood Mini Kit (QIagen Pty Ltd, Australia) according to the manufactures 

instructions. 5 x 106 cells were centrifuged at 1000 rpm for 5 min at room temperature and 

resuspended in 200 µL of phosphate buffered saline (PBS). The cell suspension was then 

added to a 1.5 mL Eppendorf tube containing 20 µL of QIAGEN Protease. To this, 200 µL 

of Buffer AL was added and the sample was mixed by pulse-vortexing to yield a 

homogeneous solution. The sample was then incubated at 60o C for 10 min followed by a 

brief centrifugation to collect the sample, 200 µL of 100 % ethanol was then added to the 

sample and mixed. A QIAamp mini column was placed in a collection tube and the sample 

from the previous step was applied to this column. The column was then centrifuged at 

8000 rpm for 1 min at room temperature (Eppendorf Centrifuge 5415C) to ensure all liquid 

has passed through and the flow through was discarded before 500 µL of Buffer AW1 was 
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applied to the column. The column was once again centrifuged at 8000 rpm for 1 min and 

the flow through was discarded before 500 µL of Buffer AW2 was added to the column. It 

was once again centrifuged at 8000 rpm for 1 min and the filtrate was discarded. To 

eliminate any carry over of Buffer AW2 to the next step, the column was further 

centrifuged at max speed for 1 min. The column was then removed and placed into a clean 

1.5 mL Eppendorf tube, 200 µL of ddH2O was applied to the column and incubated at room 

temperature for 1 min before centrifugation at 8000 rpm for 1 min.  The integrity and yield 

of the extracted plasmid DNA was assessed by spectrophotometry (Section 2.7.6) and 

agarose gel electrophoresis (Section 2.6.1). Extracted genomic DNA was then stored at 

-20o C till ready for use.  

 

2.7.4 Small Scale Purification of Plasmid DNA 

 

The procedure of small scale purifications of plasmid DNA or alkaline “minipreps” were 

adapted from Sambrook and Russell (2001) with minor changes. To amplify the plasmid of 

interest, it was first transformed into bacterial cells as mentioned in section 2.11.6. A single 

bacterial colony was then picked following overnight selection on 2YT agar plates 

containing the appropriate antibiotics. The bacterial colony was then placed into 5 mL of 

2YT broth also containing antibiotics and was incubated at 37o C overnight with shaking. 

The incubated broth was then transferred into a clean 1.5 mL Eppendorf and centrifuged at 

6000 rpm for 5 min at room temperature. The supernatant was removed and the pellet was 

thoroughly resuspended 100 µL of ice-cold Solution P1 (25 mM Tris pH8.0, 50 mM D-

Glucose, 10 mM EDTA pH 8.0, 100 µg/mL RNase A). The bacterial cells were then lysed 

with the addition of 200 µL of Solution P2 (0.2 M sodium hydroxide, 1 % v/v sodium 

dodecyl sulphate) followed by gentle inversion and the sample was placed on ice for 5 min. 
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The cell suspension was neutralised by adding 150 µL of Solution P3 (3 M potassium 

acetate, 0.1 %  v/v glacial acetic acid) and mixed.  

 

The lysate was then centrifuged at 12 000 rpm for 5 min at 4o C and the supernatant was 

transferred into a fresh 1.5 mL Eppendorf tube. A phenol:chloroform extraction (Section 

2.7.1) was then carried out to remove residual bacterial proteins and RNase A. The DNA 

was precipitated from this solution as described in Section 2.7.2. The purified plasmid 

DNA was then resuspended in 50ul of sterile ddH2O and stored at -20o C until ready for 

use. 

   

2.7.5 Large Scale Purification of Plasmid DNA 

 

Large scale preparations of plasmid DNA is required to carry out mammalian transfections 

and molecular cloning.  This was achieved by utilising the QIAfilter™ Endofree™ Plasmid 

Maxi Kit (Qiagen Pty Ltd, Australia) according to manufactures instructions.  

 

Transformed bacteria was streaked onto selective 2YT agar plates and incubated overnight 

at 37o C. A single bacterial colony was picked and used to inoculate 100 mL of 2YT broth 

containing the appropriate antibiotics. This culture was incubated overnight at 37o C with 

vigorous agitation. The recombinant bacteria was the collected by pelleting the cells at 

6000 rpm for 20 min at 4o C. The supernatant was discarded and the plasmid DNA was 

isolated from the cells according to the instructions from the QIAfilter™ Endofree™ 

Plasmid Maxi Kit. Purified plasmid DNA was then resuspended in 200 µL of sterile ddH20.  

The integrity and yield of the extracted plasmid DNA was assessed by spectrophotometry 
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(Section 2.7.6) and agarose gel electrophoresis (Section 2.6.1). The plasmid DNA was then 

stored at -20o C till ready for use.  

 

2.7.6 Quantitative and Qualitative DNA and RNA Analysis  

 

DNA and RNA samples to be quantified were diluted and loaded into an Eppendorf UVette 

curvette (Eppendorf, Germany) and loaded on an Eppendorf Biophotometer (Eppendorf, 

Germany) where the absorbance at 260 nm and 280 nm were determined. Concentrations of 

DNA and RNA samples were calculated with the 260 nm absorbance value while purity of 

these samples was verified from the A260/280 reading. Integrity of DNA samples were 

visualised by agarose gel electrophoresis (Section 2.6.1) by comparing the intensity of 

specific bands with a standard of known concentration. The integrity of RNA samples was 

visualised by the presence of intact 18S and 28S ribosomal RNA bands.  

 

2.8 POLYMERASE CHAIN REACTION 

 

The polymerase chain reaction is a technique that is used to amplify a particular region of 

DNA. A pair of oligonucleotide primers was designed to flank the region of interest in the 

target DNA. A PCR reaction involves three steps; the first is a denaturation step at 94 - 

95o C This followed by an annealing step, which allows primers to bind to target region in 

the DNA and lastly an extension step that extends the primers to amplify the desired 

fragment. The PCR cycle is repeated 30 - 35 times which leads to an exponential increase 

in PCR product. All PCR reactions performed in this project were ‘Hot Start’.  

 

Reactions using the Platinum Pfx Taq polymerase (Invitrogen, Australia) were set up in 50 

µl reaction volumes as follows; 
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Reagent Volume 
Pfx 10X Amplification 

buffer  
1X 

dNTP 0.3 mM each 
MgSO4 1 mM 

Forward Primer (10 µM) 0.3 µM 
Reverse Primer (10 µM) 0.3 µM 

Pfx DNA Polymerase 1 U 
Template DNA ≤ 500 ng 
Sterile ddH20 to 50 µl 

 

Reactions using the Platinum Taq polymerase (Invitrogen, Australia) were set up in 50 µl 

reaction volumes as follows; 

Reagent Volume 
Platinum Taq 

Amplification buffer  
1X 

MgCl2 1 mM 
dNTP 0.3 mM each 

Forward Primer (10 µM) 0.2 µM 
Reverse Primer (10 µM) 0.2 µM 

Faststart DNA Polymerase 1 U 
Template DNA ≤ 500 ng 
Sterile ddH20 to 50 µl 

 

2.9 QUANTITATIVE REAL TIME POLYMERASE CHAIN REACTION 

 

2.9.1 Isolation of Total RNA 

 

RNA was isolated from various cell lines for use in quantitative real-time PCR and 

microarray analysis. The extraction of total cellular RNA was achieved by using the 

Trizol® reagent (Invitrogen, Australia). 1 mL of Trizol® was used to lyse 5 x 106 cells and 

0.2 mL of chloroform was then added to this homogenate. The sample was thoroughly 

mixed for 15 s and incubated at room temperature for 2 - 3 min. The sample was then 

centrifuged at 12 000 rpm for 15 min at 4o C and the aqueous phase was carefully removed 

and placed into a fresh 1.5 mL Eppendorf tube. The RNA was then precipitated by the 
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addition of 0.5 mL of isopropyl alcohol and the sample was incubated at room temperature 

for 15 min before centrifugation at 12 000 rpm for 15 min at 4o C. The supernatant was 

carefully removed and the RNA pellet was washed in 1 mL of 75 % ethanol. The sample 

was then centrifuged again at 7500 rpm for 5 min at 4o C. The RNA pellet was briefly air 

dried for 5 min at room temperature and resuspended in 50 µL of RNase-free ddH2O and 

stored at -80o C until ready for use.  

 

2.9.2 cDNA Synthesis 

 

Concentration and integrity of the isolated RNA samples were carried out as mentioned in 

Section 2.7.6. 1 µg of total RNA was utilised to carry out Reverse Transcription reactions 

which employed the SuperScript™ II Reverse Transcriptase Kit (Invitrogen, Australia). 

500 ng of Oligo(dT)20 primer was mixed with 10 µM of each dATP, dCTP, dGTP and 

dTTP and was made up to 12 µL with sterile ddH20. The RNA in the reaction mixture was 

denatured by incubating the sample at 65o C for 5 min and briefly chilling the sample on 

ice. This was the followed by the addition of 1 X First-Strand Buffer (10 mM Tris-HCl 

pH8.3, 75 mM KCl and 3 mM MgCl2) and 0.1 M DTT. The reaction mixture was incubated 

at 42o C for 2 min before the addition of 200 U of the SuperScript™ II RT enzyme. The 

sample is mixed and incubated at 42o C for a further 50 min. The reaction was inactivated 

by heating the enzyme at 70o C for 15 min and the cDNA was stored at -20o C until ready 

for use.  

 

2.9.3 Real-time PCR Amplification 

 

Real time PCR was performed with the Quantitech SYBR Green PCR Kit (Qiagen, 

Australia). This method uses a HotStartTaq polymerase, which is initially provided in an 
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inactive state. This polymerase is activated by an initial incubation at 95o C for 15 min. 

This method was employed to examine gene expression. Real time PCR allows for the 

quantification of PCR products as the mastermix contains a fluorescent dye SYBR Green 1 

which binds to all double stranded DNA molecules and releases a fluorescence signal upon 

binding. Real time PCR reactions were performed in a Rotor-gene RG-3000 Real-Time 

PCR thermal cycler (Corbett Research), which is able to record the level of fluorescence 

that was emitted during each reaction. 

 

PCR reactions using this kit were set up as follows; 

Reagent Volume 
cDNA (diluted) 5 µl 

SYBR Green Master Mix 10 µl 
Forward Primer 2 µM 
Reverse Primer 2 µM 
Sterile ddH20 to 20 µl 

 

Results were then analysed with the Rotor Gene 6 software (Corbett Research, Australia). 

 

2.10 DNASE 1 HYPERSENSITIVITY ASSAY 

 

2.10.1 Nuclei Isolation 

 

Approximately 1 x 108 cells were harvested for use in this assay. This ensured that 

sufficient cell nuclei were extracted. Cells were washed twice with 25 mL aliquots of ice 

cold phosphate buffered saline without calcium and magnesium salts and centrifuged at 

1000 rpm at 4o C for 5 min. The cell pellet was then resuspended in 2 mL of cell lysis 

buffer (50 mM Tris-Cl (pH 7.9), 100 mM KCl, 5 mM MgCl2, 0.05 % (v/v) Saponin, 50 % 

(v/v) glycerol, 200 mM  β-mercaptoethanol) and incubated on ice for 10 min to allow for 
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cell lysis to occur. A 10 µl aliquot of cell lysate was mixed with an equal volume of 0.4 % 

trypan blue dye and examined under a microscope with a 10 X objective lens. Nuclei and 

lysed cells take up the dye and therefore appear blue while unlysed cells appear translucent 

as they are impermeable to the dye. This incubation was continued until >80 % of cells 

were lysed. Nuclei from lysed cells were collected by centrifugation of the suspension at 

2300 rpm at 4o C for 15 min. The supernatant was removed and the pellet was resuspended 

in 1.5 mL of Buffer A (50 mM Tris-Cl (pH 7.9), 100 mM NaCl, 3 mM MgCl, 1 mM DTT, 

0.2 mM PMSF). Cell nuclei was collected by centrifugation at 1300 rpm at 4o C for 15 min 

and the nuclear pellet was resuspended in 2 mL of Buffer A. Isolated nuclei was incubated 

on ice and the following treatments was performed on ice. 

 

2.10.2 DNase 1 Digestion 

 

A series of serial dilutions of the standard DNase 1 solution (105 U/µl) was made up in 

DNase 1 dilution buffer (1/40, 1/80, 1/160, 1/320, 1/640, 1/1280 and 1/2560). A series of 

tubes are labelled 1 to 8 and 250 µl of resuspended nuclei from the isolation step was added 

to each tube. To tube 1 and 2, 40 µl of DNase 1 dilution buffer containing no DNase1 was 

added and 40 µl of each progressive dilution of the DNase 1 enzyme was added to tubes 2 

through 8. (To tube 2 add 40µl of 1/40 dilution, to tube 3 add 40µl of the 1/80 dilution, 

etc). All tubes were incubated at 37o C for 20 min. The reactions were then terminated by 

the addition of three individual aliquots of 33 µl of 0.5 M EDTA to each tube with 

vortexing between additions. Once all tubes were treated, 24 µl of 0.5 mg/mL RNase 

solution was added to each tube and they were incubated at 37o C for 30 min to allow for 

the digestion of nuclear RNA. This was followed by the addition of 80 µl of proteinase K 

solution (0.2 mg/mL) to each tube with through vortexing to digest nuclear proteins. This 
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was followed by the addition of 200 µl of SDS buffer (20 mM Tris-Cl [pH 7.9], 100 mM 

NaCl, 70 mM EDTA (pH 8.0), 2 % SDS) to each tube and pipetting the solution to mix. 

The tubes were then incubated at 50o C for 16 hrs with rotation. Following this incubation 

200 µl of an additional aliquot of proteinase K (0.2 mg/mL) was added and the tubes were 

incubated for another 3 hrs at 50o C with rotation. 

 

2.10.3 Purification and Isolation of DNA from Nuclei 

 

DNase 1 treated DNA was then purified with phenol:chloroform and ethanol precipitation 

as described in section 2.7.1 and 2.7.2. 

 

2.10.4 Restriction Endonuclease Digestion 

 

Reagents Volume (µµµµl) 
10X Digestion Buffer 1X 
Restriction Enzyme 5 U/µg of DNA 

DNA 10 µg 
ddH2O  To 200 µl 

 

Digests were set up in 200 µl reactions and incubated at 37 oC for at least 16 hrs. Digested 

DNA was the purified with phenol:chloroform and ethanol precipitation as described in 

section 2.7.1 and 2.7.2. 

 

 

2.10.5 Southern Blotting 

 

Following restriction endonuclease digestion, approximately 10 µg of DNA was added to 

10 µl of orange/blue dye and the DNA samples were loaded onto a 0.6 %- 0.8 % agarose 
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gel. The DNA samples were electrophoresed at 30 V (BioRad Laboratories, Australia) for 

16 hrs or until the bromophenol blue dye has run to the bottom of the gel.  

 

Before the transfer of DNA to membrane, the gel was depurinated by placing it in a 0.25 M 

solution of HCl for 20 min. This was followed by then placing the gel in a 0.4 M solution 

of NaOH for another 20 min to denature the DNA. While this was occurring, the transfer 

system was set up. DNA from the gel was transferred onto a positively charged nylon 

membrane using the upward capillary transfer method. This method transfers DNA 

fragments from the gel onto the nylon membrane (solid support) via an upward flow of 

liquid. A stack of dry absorbent paper towels maintains the upward capillary action. 

Southern blotting was carried out over night at room temperature on the laboratory bench. 

 

On completion of the transfer, the absorbent paper and layers of Whatman 3MM filter 

paper were removed. The nylon membrane was then washed in 2 X SSC to remove any 

adhering agarose and allowed to air dry. The DNA was cross-linked on to the membrane 

via exposing the membrane to a ultra-violet (UV) radiation on a trans-illuminator for 5 min 

on the lowest setting.  The membrane was then wrapped in plastic wrap and stored at 4o C 

until ready for use.  

 

2.10.6 Labelling and Detection of DNase 1 Hypersensitivity Assay 

 

2.10.6.1 Radioactive Procedure 

2.10.6.1.1 Radioactive labelling of DNA Probes 

 

DNA probes were labelled using the Rediprime II Random Prime Labelling System 

(Amersham Biosciences, Australia) according to the manufacturer’s instructions 
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2.10.6.2 Unincorporated Nucleotides 

 

Before the addition of the DNA probes to the membrane, unincorporated nucleotides were 

removed by purification of the probe. This was performed with the PCR purification kit 

(Qiagen, Australia) according to the manufacturer’s instructions. 

 

2.10.6.3 Hybridisation of Southern Blot 

 

Membranes were wrapped in hybridisation mesh and placed into a hybridisation bottle. 

This ensures that the membrane does not touch when overlapped. Hybridization buffer 

(Rapid Hyb Buffer, Amersham Biosciences, Australia) that was preheated to 56o C and 20 

µl of this buffer was added to the hybridization bottle. Pre-hybridisation of the membrane 

was left to occur for at least 1 hr at 65o C with rotation. Following pre-hybridisation, 1 mL 

of hybridization buffer was added to the denatured purified probe and the solution was 

transferred to the hybridisation bottle. This membrane was hybridised for 16-18 hrs at 65o C 

with rotation.    

 

2.10.6.4 Washing of Membrane 

 

To remove any non-specific binding probes, washes of the membrane was performed with 

increasing stringency. After the removal of the hybridisation buffer, the membrane was 

removed from the bottle and placed into a plastic tray with 2 X SSC, 0.1 % SDS. The 

membrane was washed at room temperature with rocking for 25 min. This was followed 

with 2 washes of 0.1 X SSC, 0.1 % SDS (preheated to 65o C) for 20 min at 65o C.  
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2.10.6.5 Autoradiography 

 

The membrane was then sealed in plastic wrap and exposed to X-ray film (Kodak) and 

incubated at –80o C or it was placed on a phospho-imaging plate (Molecular Dynamics) for 

at least 24 hrs. The film was then developed using an AGFA developer while a phospho-

imager (Molecular Dynamics) was used to visualise the hybridised blot. 

 

2.10.6.2 Non-Radioactive Procedure 

2.10.6.2.1 Non-Radioactive Labelling of DNA Probes and Detection 

 

DNA probes were labelled using the Alk-Phos direct labelling and detection system with 

CDP-star (Amersham Biosciences, Australia) according to the manufacturer’s instructions. 

 

2.11 RECOMBINANT DNA TECHNIQUES 

 

2.11.1 Restriction Endonuclease Digestion 

 

Restriction of DNA was generally carried out in a final reaction volume of 50-200 µL 

which contained 2-10 µg of plasmid.  1/10th volume of the restriction buffer was added to 

the reaction. Some enzymes require the addition of BSA therefore 1/10th volume of 10 X 

bovine serum albumin (BSA) was also added for these reactions. 10 enzyme units (U) per 

µg of super-coiled double stranded plasmid DNA was used to ensure complete digestion. 

Sterile ddH2O was use to make up the final volume and reactions were incubate at 37o C for 

at least 4 hrs. Following this, the digested samples were separated on an agarose gel 

(Section 2.6.1) to determine the complete digestion of the double strand plasmid DNA or 

for gel extraction (Section 2.11.2). 
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2.11.2 Extraction of DNA from Agarose Gel 

 

Extraction of DNA from agarose gels were carried out using the GFX PCR DNA and Gel 

Band Purification Kit (Amersham Biosciences, Australia) according to the manufacture’s 

instructions. Using a clean scalpel, an agarose band containing the sample of interest was 

cut out and placed into a clean 1.5 mL Eppendorf tube. The weight of the agarose slice was 

calculated and 10 µL of capture buffer for every 10 mg of gel slice was added. The sample 

was mixed by inversion and incubated at 60o C until the agarose completely dissolves. A 

GFX MicroSpin column is placed into a collection tube and 600 µL of dissolved agarose 

solution in capture buffer was applied to the Microspin column.  The sample was incubated 

at room temperature for 1 min before being centrifuged at max speed for 1 min at room 

temperature. The flow through is discarded and the column is placed back into the same 

collection tube. The above steps were repeated until the entire sample has been loaded.  

 

DNA bound to the column was then washed with 500 µL of wash buffer and the sample 

was centrifuged at max speed again for 1 min. The collection tube is then discarded and the 

column placed into a clean 1.5 mL Eppendorf tube Bound DNA was eluted by the addition 

to 10 – 50 µL of ddH20 to the centre of the membrane of the Microspin column. The 

column was incubated at room temperature for 1 min before centrifugation at max speed 

for 1 min to recover purified DNA. Recovered DNA was stored at -20o C until ready for 

use.  

 

2.11.3 Generation of Blunt Ended DNA Fragments 

 

Following restriction enzyme digestion, blunt ended DNA fragments were generated by 

setting up the following reaction; 
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Reagents Volume (µµµµl) 
5X T4 DNA  

Polymerase Buffer 
20  

0.5 mM dNTP mix 20 
DNA 2.5 

T4 DNA Polymerase 2 
Sterile ddH2O To 100  

 

The reaction was gently mixed and incubated at 11o C for 15 min. The reaction was then 

briefly placed on ice and the mixture was phenol:chloroform extracted and ethanol 

precipitated (Section 2.7.1 and 2.7.2). The DNA was resuspended in 10 µL of sterile ddH2O 

and stored at -20o C until ready for use.  

 

2.11.4 Shrimp Alkaline Phosphotase Treatment of DNA 

 

Following restriction endonuclease digestion of plasmid DNA, these linearised plasmids 

were treated with Shrimp Alkaline Phosphotase (SAP) to prevent the re-circularisation of 

the vector thus increasing ligation efficiency. SAP reactions were set up as follows; 

Reagent Volume (µL) 
Shrimp Alkaline Phosphotase 1 U / µg of DNA 

Buffer  5 
DNA 5 µg 
H20 To 50 µL 

 

The reaction was incubated at 37o C for 15 min and the enzyme was inactivated by 

incubating sample at 65o C for 15 min. Phosphotase treated vectors were used immediately 

in ligation reactions or stored at -20o C until ready for use. 

 

 

 



Chapter 2  Materials and Methods 

 58 

2.11.5 DNA Ligation  

 

DNA inserts used in ligation reactions were obtained by restriction enzyme digestions 

(Section 2.11.1) and purified by resolving digested fragments on an agarose gel and 

extracting them (Section 2.11.2). For sticky-end ligations, insert and vector were digested 

separately with the corresponding restriction enzyme (Section 2.11.1). Digested vector 

DNA was then treated with shrimp alkaline phosphatase (Section 2.11.4). For blunt end 

ligations, restriction enzyme digested fragments were end-filled with using T4 DNA 

polymerase (Section 2.11.3). The quantities of vector and insert used in ligation reactions 

were a 3:1 vector to insert molar ratio. Ligation reactions were set up as follows; 

 
Reagents Volume (µµµµl) 

Vector DNA 750 ng 
Insert DNA 250 ng 

10X Ligase Buffer 1 
T4 DNA Ligase 1 U 
Sterile ddH2O To 10 

 

The reaction was incubated at room temperature for at least 3 h before 5 µL of the ligation 

mixture was used in bacterial transformation (Section 2.11.6).  

 

2.11.6 Bacterial Transformation 

 

Bacterial transformations were conducted with either XL1-Blue (Stratagene, USA) or 

DH5α-T1R (Invitrogen Life Technologies, Australia). Approximately 50-200 ng of plasmid 

DNA or 200-500 ng of ligation products were added to 50 µL of competent bacterial cells. 

The sample was gently mixed and incubated on ice for 30 min followed by a quick 

incubation at 42o C for 45 s to heat shock the bacterial cells. 400 µL of pre-warmed 2YT 

medium (16 g/L of bacto-tryptone, 10 g/L of bacto-yeast extract and 5 g/L of sodium 
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chloride) was added to the bacterial culture and it was incubate at 37o C for 1 hr. 25 - 200 

µL of the transformation culture was then plated out on pre-set 2YT agar plates containing 

the appropriate antibiotic. These plates were then incubated overnight at 37o C until the 

formation of bacterial colonies. Bacterial colonies were either used in large/small scale 

purification of DNA (Section 2.7.4 or 2.7.5) 

 

2.12 DNA SEQUENCING 

 

DNA sequencing was one of the methods that were used to accurately determine the 

nucleotide sequences in recombinant plasmids that had undergone mutagenesis. 

  

2.12.1 PEG purification for Sequencing 

 

In order to attain good sequence read-off, plasmids that were prepared by mini-preps 

(Section 2.7.4) had to undergo and addition clean up step. Therefore the plasmids to be 

sequenced were cleaned up with a polyethylene glycol (P.E.G) clean up method. As this 

technique results in a large amount of DNA loss, >40 µg of mini-prep DNA had to be used. 

The volume of the mini-prepped DNA was first made up to 320 µL with sterile ddH2O 

followed by the addition of 80 µL of NaCl (4 M). 400 µL of 13 % PEG (8000) was then 

added and the mixture was thoroughly mixed and incubated at -20 oC overnight. DNA was 

then purified from this mixture by centrifuging the sample at 14 000 rpm for 30 min at 4o C. 

The pelleted DNA was then washed with 700 µL of 70% ethanol and centrifuged at 14 000 

rpm for 20 min at 4 oC. The DNA pellet was then air dried and resuspended in 10-20 µL of 

sterile ddH2O. PEG cleaned DNA was stored at -20 oC until ready for use.  
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2.12.2 Sequencing PCR Reaction 

 

The sequencing reaction was set up in a 0.2 mL Eppendorf tube as follows;  

Reagents Volume (µµµµl) 
PEG cleaned plasmid DNA 200 ng 

Primer (1 pmol/µL) 1.6 
5X sequencing buffer 1 

Big Dye TRR mix 2 
Sterile ddH2O To 10 

 

Sequencing reactions were placed in to a PCR machine and subjected to the following 

conditions; 25 cycles of 96o C for 10 s, 50o C for 5 s and 60o C for 4 min.  

 

2.12.3 Purification of Sequencing Reaction Products 

 

Once cycling is complete, the entire 10 µL reaction is transferred into a 1.5 mL Eppendorf 

tube containing 50 µL of ethanol (100 %) and 2 µL of NaOAc (3 M) and incubated at room 

temperature for 30 min. The sample was then centrifuged was centrifuged at 14 000 rpm 

for 30 min at 4o C. The supernatant wad carefully removed and the pelleted DNA was 

gently washed with 250 µL of ethanol (70 %). The sample was once again centrifuged at 

the same conditions as above and all the ethanol was carefully removed from the sample. 

The pellet was allowed to be air dried thoroughly before they were sent of for analysis at 

the Clinical Immunology Department at (RPH), Perth.  

   

2.13 MICROARRAY  

 

2.13.1 Isolation of Total RNA  
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Cell lines that were used in microarray analysis were cultured according to conditions as 

shown in Section 2.3.1. RNA was then extracted from these cell lines according to Section 

2.9.1. 

 

2.13.2 Microarray Analysis 

 

Results from the microarray scans were returned as electronic files from the AGRF. Data 

analysis was then conducted using GeneSifter which is a microarray data analysis 

programme (AffyMetrix [www.genesifter.net]). This programme enabled analysis as well 

as data management on a web based programme.  

 

2.14 ELECTROPHORETIC MOBILITY SHIFT ASSAY 

 

2.14.1 Preparation of Nuclear Extract 

 

Nuclear extracts were prepared form cell lines that were used for the electrophoretic 

mobility shift assay. Approximately 5 x 107 cells were harvested by centrifugation at 1000 

rpm at room temperature and resuspended in 5 mL of ice cold phosphate buffered saline 

(PBS). They were once again centrifuged and resuspended in 1 mL of ice cold PBS and the 

sample was transferred to a clean 1.5 mL Eppendorf tube. The cell suspension was 

centrifuged at 14 000 rpm for 1 min at 4o C and the pellet rapidly resuspended in 200 µL of 

ice cold Buffer A. (10 mM HEPES (pH 7.0), 1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT 

and 2 µL of 100 mM PMSF, 1 µL pepstatin (1 µg/mL) and 1 µL leupeptin (1 µg/mL) was 

added to every mL of Buffer A prior to use) The cells were the centrifuged again at the 

above conditions and the supernatant was discarded and the cells were lysed in 200 µL of 
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ice cold Buffer A by passing the cells through a 28 gauge needle (Terumo, Australia) 10-12 

times on ice.  

 

The cell nuclei were pelleted at 14 000 rpm for 10 s at 4o C and the supernatant was 

carefully removed. Crude nuclei was extracted by the resuspending the pellet in 45 µL of 

ice cold Buffer C (20 mM HEPES (pH 7.0), 1.5 mM MgCl2, 420 mM KCl, 0.5 mM DTT, 

0.2 mM EDTA (pH 8.0), 25 % v/v glycerol and 2 µL of 100 mM PMSF, 1 µL pepstatin (1 

µg/mL) and 1 µL leupeptin (1 µg/mL) was added to every mL of Buffer C prior to use). 

The sample was mixed by flicking followed by an incubation on ice for 20 min. 45 µL of 

Buffer D (20 mM HEPES (pH 7.0), 0.5 mM DTT, 0.2 mM EDTA (pH 8.0), 20 % v/v 

glycerol and 2 µL of 100 mM PMSF, 1 µL pepstatin (1 µg/mL) and 1 µL leupeptin (1 

µg/mL) was added to every mL of Buffer D prior to use) was added to the sample and it 

was mixed again by flicking. The sample was centrifuged at 14 000 rpm for 10 min at 4o C. 

The supernatant was then aliquoted out in 10 µL volumes into 1.5 mL Eppendorf tubes and 

were snap frozen in liquid nitrogen and stored at -80o C until ready for use. 

 

2.14.2 Non-Denaturing Polyacrylamide Gel Electrophoresis (PAGE) 

 

Pre cast 6 % polyacrylamide gels (Invitrogen, Australia) were purchased and were used for 

the non-denaturing polyacrylamide gel electrophoresis using the XCell SureLock™ Mini-

cell unit (Invitrogen, Australia). Gels were pre-run at 100 V for 30 min in 0.5 X TBE buffer 

before samples were loaded onto the gel. Samples to be run on the gel were electrophoresed 

at 100 V for 1 hr in 0.5 X TBE buffer. Oligonucleotides resolved on the gel for purification 

was run 100 V for 35 min. 
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2.14.3 Oligonucleotide Probe Preparation 

 

Oligonucleotides containing sequence of regions of interest were purchased and prepared 

as mentioned in Section 2.5. Once oligonucleotides were annealed, they were the purified 

by non-denaturing polyacrylamide gel electrophoresis. After resolution, the gel plates were 

gently separated and the gel was placed on Gladwrap and place on a silica gel plate and 

exposed to UV light to visualise the double stranded oligonucleotide band. This band was 

excised from the gel with a sterile scalpel and transferred to a 1.5 mL Eppendorf tube 

containing 0.5 mL of elution buffer (0.5 M Na(OAc), 10 mM MgCl2 and 0.1 % SDS) and 

eluted overnight with shaking at room temperature. The supernatant was transferred into a 

fresh 1.5 mL Eppendorf tube and oligonucleotides were then precipitated by the addition of 

2 Volumes of ethanol (100 %), washed with 200 µL of 70 % ethanol and resuspended in 

sterile ddH2O and stored at -20o C till ready for use. 

 

2.14.4 Nuclear Protein-DNA Binding Reactions 

 

Nuclear proteins were prepared as described in section 2.14.1 and were preincubated on ice 

for 10 min in a binding buffer (4 % Ficoll, 20 mM HEPES (pH 7.9), 1 mM EDTA, 1 mM 

DTT, 50 mM KCl) and 1 µg of poly(dI-dC) to a total volume of 20 µL. The biotin labelled 

double stranded oligonucleotide was then added and the reaction incubated for a further 30 

min on ice. 1µL of loading dye was added to the reaction and it was loaded onto a pre run 

6 % polyacrylamide gel and electrophoresed as described in Section 2.14.2. After 

electrophoresis, the gel was then blotted onto a nylon membrane using the blotting module 

of the XCell SureLock™ Mini-cell unit (Invitrogen, Australia) for 30 min at 30 V. Upon 

completion of blotting protein bound DNA onto a nylon membrane, the membrane was 

wrapped in Gladwrap. The bound DNA was fixed on to the membrane (Invitrogen, 
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Australia) by placing it DNA side down on a transilluminator and exposed to ultraviolet 

radiation for 5 min on the lowest setting.  

 

2.14.5 Chemiluminescent Detection 

 

The Chemiluminescent Nucleic Acid Detection Module (Pierce, Australia) was used to 

detect the biotin-labelled nucleic acids bound to the membrane.  Blocking buffer and 4 X 

wash buffer was slowly warmed to 50o C until all particulate was in solution. The 

membrane was incubated with 12.75 mL pre-warmed blocking buffer with shaking at room 

temperature. The blocking buffer was decanted and 12.75 mL of the conjugate/blocking 

buffer was then added to the membrane with further shaking at room temperature for 

15 min. The membrane was transferred into a clean container and then washed 5 times with 

20 mL of 1X wash buffer. After the wash steps, the membrane was transferred into a fresh 

container and incubated with gentle shaking with 19.3 mL of substrate equilibration buffer 

for 5 min. The membrane was drained and placed on a clean flat surface where the 

prepared substrate working solution was poured on the membrane ensuring that it was 

completely covered and incubated for 5 min without shaking. Excess buffer was removed 

from the membrane by blotting the edge on paper towels. The membrane was wrapped in 

Gladwrap and exposed ECL hyper film (Amersham Biosciences) which was developed and 

fixed (developer and fixer with replinisher, Kodak, Australia) for visualization.  

 

2.15 CHROMATIN ACCESSIBILITY REAL TIME POLYMERASE 

CHAIN REACTION (CHART-PCR) 

 

2.15.1 Extraction of Cell Nuclei 
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Approximately 8 x 106 cells were harvested from each cell line to ensure that enough nuclei 

would be obtained. Cells were centrifuged at 1000 rpm for 5 min at 4o C. The supernatant 

was then removed and the cells were washed with 25 mL of ice cold phosphate buffered 

saline (PBS). The cells were centrifuged again at 1000 rpm for 5 min at 4o C. The cell pellet 

was resuspended in 1.5 mL of Nonidet P-40 lysis buffer (2 mL 1 M Tris-HCl (pH 7.4), 

116.89 mg NaCl, 0.6 mL 1 M MgCl2, 1 mL 0.5 % Nonidet P-40, 200 µL 150 mM 

Spermine, 200 µL 500 mM Spermidine in total of 200 mL) and incubated on ice for 5 min 

with occasional swirling. Cells were then transferred to a clean 1.5 mL Eppendorf tube to 

ensure the removal of detergent bubbles. The cells were then centrifuged at 3000 rpm for 5 

min at 4o C. The Nonidet P-40 lysis buffer was decanted and any remaining buffer was 

removed using a pipette.  

 

2.15.2 Digestion of DNA with Micrococcal Nuclease 

 

The cell pellet was resuspended with 400 µl of digestion buffer without calcium (2 mL of 1 

M Tris-HCl (pH 7.4), 175.32 mg NaCl, 894.6 mg KCl, 200 µL 150 mM Spermine, 200 µL 

500 mM Spermidine in total of 200 mL)  and the cells were centrifuged again at 3000 rpm 

for 5 min at 4o C. All buffer was removed from the cells and the pellet was resuspended in 

350 µl of digestion buffer containing calcium(2 mL of 1 M Tris-HCl (pH 7.4), 175.32 mg 

NaCl, 894.6 mg KCl, 200 µL 150 mM Spermine, 200 µL 500 mM Spermidine, 1mM of 

CaCl2 in total of 200 mL). This cell suspension was then aliquoted into six 50 µl portions 

into six separate Eppendorfs. In addition, two aliquots of 500 µl of digestion buffer 

containing calcium and two aliquots of 500 µl of MNase solution (4 µL of MNase [25 

U/µL] in 5 mL digestion buffer with calcium) were also dispensed as two cell lines were 

being used in this assay. All tubes were then preincubated at 37o C for 5 min.  Incubation 
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times were staggered when dealing with two cell lines. This ensures that equal treatment 

was given to each cell line. Of the six tubes from each cell line, 50 µl of warmed MNase 

solution was added to three of the six aliquots. To the other three tubes 50 µl of warmed 

digestion buffer containing calcium was added. Samples with only the digestion buffer with 

calcium act as a control for the tubes with MNase solution. All tubes were incubated at 

37o C for 10 min to allow digestion to occur. The reaction was stopped by the addition of 

30 µl of stop solution A (100 mM EDTA, 10 % (w/v) SDS in a 2:1 ratio) and was mixed by 

pipetting the mixture up and down. This was followed by the addition of 70 µl of PBS to 

each tube and then with the addition of 20 µl of proteinase K (20 mg/mL). The solution 

was then mixed again by pipetting up and down.        

 

2.15.3 Purification of Digested DNA 

 

Purification of digested DNA from the two cell lines was performed using the QIAamp 

DNA Blood Mini Kit (Qiagen, Australia). To each tube, 200 µl of Buffer AL was added 

and the solution was mixed by vortexing and centrifuged to collect. Tubes were then 

incubated at 56o C for 10 min before the addition of 200 µl of 100 % ethanol. The solution 

was vortexed and the solution was applied to the centre of a QIAamp spin column. 

Centrifugation was performed at 8000 rpm for 1 min. The flow through was discarded and 

500 µl of Buffer AW1 was added to each column.  Centrifugation was performed at 8000 

rpm for 1 min and the flow through was once again discarded before the addition of 500 µl 

of Buffer AW2 to each column. Centrifugation was performed at 14000 rpm for 3 min. The 

flow through was discarded and the spin column was centrifuged again for 1 min to ensure 

the removal of all buffer. The spin columns were then transferred to a clean 1.5 mL 
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Eppendorf and 200 µl of ddH20 was added to the centre of the column and incubated for 5 

min. DNA bound to the column was eluted by centrifugation at 8000 rpm for 1 min.  

 

2.15.4 Real Time Poylmerase Chain Reaction 

 

Real time PCR was performed with the Quantitech SYBR Green PCR Kit (QIAGEN). This 

method uses a HotStarTaq polymerase, which is initially provided in an inactive state. This 

polymerase is activated by incubation at 95o C for 15 min. Real time PCR allows for the 

quantification of DNA targets. The fluorescent dye SYBR Green 1 in the master mix of this 

kit binds to all double stranded DNA molecules and releases a fluorescence signal upon 

binding. This PCR reaction was performed in a Rotor Gene 2000 Real-Time PCR thermal 

cycler, which is able to record the level of fluorescence that was emitted during each 

reaction. 

 

PCR reactions for CHART carried using this kit were set up as follows; 

Reagent Volume 
DNA 5 µl 

SYBR Green 
Master Mix 

10 µl 

Forward Primer 10 µM 
Reverse Primer 10 µM 
Sterile ddH20 to 20 µl 

 

Results were analysed with Rotor Gene 6 software (Corbett Research Pty Ltd). 

 

2.16 SITE DIRECTED MUTAGENESIS 

 

Site directed mutagenesis was utilised to introduce mutations into specific sites of a 

plasmid in the form of restriction enzyme recognition sites. This enabled the presence of 
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the introduced mutations to be verified by restriction endonuclease analysis and visualised 

on an agarose gel. This was achieved by using the QuikChange® Site-Directed 

Mutagenesis Kit (Stratagene, USA) 

 

2.16.1 Designing Primes for Mutagenesis 

 

Mutagenic oligonucleotides used in the mutagenesis reactions had to be individually 

designed according to the desired mutation. The following criteria had to be taken into 

consideration when these oligonucleotides were designed. 

 
1. Both mutagenesis primers have to contain the required mutation and must anneal to 

the sequence on opposite strands of the plasmid.  

2. Primers should be 25 to 45 bases in length and have a melting temperature (Tm) of 

≥78o C. Primers longer then 45 base are discouraged as they increase the chances of 

the formation of secondary structures.  

3. The desired mutation has to be in the middle of the primer and be flanked by 10-15 

base of correct sequence. 

4. Designed primers should have a minimum GC content of 40 % and should end in 

one or more C or G bases. 

 
Once designed oligonucleotides were purchased as indicated in Section 2.5. 

 

2.13.2 Mutagenesis  

 

Mutagenesis reactions were set up in a 0.2 mL PCR tube as follows; 
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Reagent Volumes (µL) 
10X Pfu Polymerse Buffer 5 µL 

Forward primer (100 ng/µL) 1.25 µL 
Reverse primer (100 ng/µL) 1.25 µL 

dNTP mix (10 mM) 1 µL 
Template Plasmid (25 

ng/µL) 
2 µL 

Pfu Turbo polymerase 1 µL 
Sterile ddH20 To 50 µL 

 

The samples were then place in a PCR machine and undergone the following cycling 

conditions; an initial denaturation step at 95o C for 30 s. This was followed by 18 cycles of 

95o C for 30 s, 55o C for 1 min, 68o C for 1 min for every kb of template plasmid resulting 

in the amplification of the mutated plasmid. 2 µL of Dpn I was then added to the reaction 

mixture and incubate at 37o C for 1 hour which digests the template plasmid resulting in the 

mutated plasmid remaining behind.  

 

4 µL of the mutagenesis reaction mixture was then subjected to bacterial transformation 

with XL1-Blue (Stratagene, USA) as mentioned in Section 2.11.6. Colony screening was 

then carried out by isolating plasmid DNA (Section 2.7.4) from each clone and subjecting 

them to restriction enzyme analysis (Section 2.11.1) or sequencing (Section 2.12). 

 

2.17 MAMMALIAN CELL TRANSFECTION 

 

Transient transfections were utilised to examine the functional significance of the identified 

CD30 intronic hypersensitive region on CD30 promoter and transcription in vitro. 

Transfections reactions were carried out with Lipofectamine 2000™ (Invitrogen, Australia) 

in SU-DHL-1, L-540, SR-786 and KARPAS-299 cell lines according to manufactures 

instructions. Cells we sub-cultured 24 hrs before transfections in fresh growth media 
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without antibiotics (penicillin and streptomycin) thus ensuring that cells will be 90-95 % 

confluent at the time of transfection. The required number of cells per well were aliquoted 

out onto 24 well plates in 1 mL of fresh media only containing the appropriate of FCS. 0.5-

1 µg of DNA was diluted in 50 µL of Opti-MEM® reduced serum medium (Invitrogen, 

Australia) in a clean 1.5 mL Eppendorf tube and in another tube 2-4 µL of Lipofectamine 

2000™ was diluted in the same volume of Opti-MEM I reduced serum medium. The two 

solutions were gently mixed and incubated at room temperature for 20 min before adding 

the solution drop wise to each well of cells. The cells were then gently mixed and incubated 

at 37o C with 5 % CO2 for 24 hrs.  

 

2.17.1 Preparation of Reporter Gene Constructs 

 

Constructs that were used in transfection reactions were prepared as previously described in 

section 2.7.5 to ensure plasmid DNA was relatively free of endotoxin which may affect the 

transfection efficiency of sensitive eukaryotic cells.  

 

2.17.2 Optimization of Transfection Protocols 

 

Transfection conditions had to be optimised to ensure the highest transfection efficiency 

with low toxicity to the cells. Therefore a control vector pEGFP-Luc (Clonetech, Australia) 

was used when testing conditions such as DNA concentrations, lipid concentrations, cell 

number and the exposure time of cells to DNA-liposome complexes for each cell line. 

Transient transfections for each cell line were carried out under the optimised conditions as 

shown in the table below. 
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 SU-DHL-1 SR-786 KARPAS-299 L-540 

Number of 

cells per well 

(in 1 mL) 

 

4 x 105  

 

 

8 x 105  

 

3 x 105  

 

8 x 105  

Expression 

DNA 

1 µg/mL 

 

1 µg/mL 

 

1 µg/mL 

 

0.5 µg/mL 

Control DNA 

(pRLTK) 

10 ng/mL 10 ng/mL 10 ng/mL 5 ng/mL 

Lipofectamine 2.5 µL 4 µL 4 µL 2 µL 

Incubation 

time 

24 hrs 24 hrs 24 hrs 24 hrs  

 Table 2.1 Transfection conditions utilised in assays. 

 

2.17.3 Quantification of Firefly Luciferase Production 

 

Following the 24 hr incubation post-transfection, cells were harvested at 1000 rpm for 5 

min at room temperature and were washed twice in 1 mL of phosphate buffered saline 

(PBS). The pelleted cells were then lysed in 200 µL of 1X Passive Lysis Buffer (Promega, 

Australia) and vortexted thoroughly before being incubated at -80o C for 1 hr to enhance 

cell lysis. Following the freezing step, cells were thawed to room temperature and 

centrifuged t 14 000 rpm for 1 min at 4o C to remove cell debris. 100 µL of the cell lysate 

was aliquoted into a single well of a 96 well microtitre plate (Costar plasticware, Corning 

Incorporated USA) ready for luminescent detection. Cell lysates were then mixed with 

50 µL of firefly luciferase substrate (Luciferase Assay Reagent II, Promega) by pipetting 

up and down and immediately measured for luminescence on the Tropix TR717 microplate 

luminometer. Data was analysed using the Tropix Winglow software (PE Applied 

Biosystems, Australia) in repeat cycle mode.  
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3.1 Introduction  

 

One approach to identifying regions of a gene that possesses functional significance is via 

the use of evolutionary clues. Genomes of several vertebrates have been sequenced and 

assembled and numerous studies have demonstrated the usefulness of comparative genomes 

alignments in aiding the identification of functionally important non-coding regulatory 

regions (Gumucio et al., 1992). Phylogenetic footprinting is one approach that has been 

used to identify functionally important sequences in the genome based on their high 

degrees of conservation across different species. Several studies have validated it as an 

efficient approach to identify potentially significant regulatory sequences (Pennacchio et 

al., 2001; Pennacchio and Rubin, 2001). 

 

Another technique used to identify potential regulatory regions of a gene is to examine the 

organisation of DNA into chromatin as it may also play a role in the transcriptional 

regulation of genes. It is believed that the compacted structure of chromatin is perturbed 

when genes are transcribed by RNA polymerase (Clark and Felsenfeld, 1992). It has also 

been previously demonstrated that nucleosomes located close to promoter and enhancers 

are disrupted or displaced when a gene is transcribed (Clark and Felsenfeld, 1992). This 

results in the formation of short regions that are sensitive to nucleases such as 

deoxyribonuclease 1 (DNase 1) and micrococcal nuclease (MNase). These regions are 

known as hypersensitive sites.  

 

Transcriptionally active regions of a gene can be localised by mapping the location of 

regions that are not nucleosome bound using the DNase 1 hypersensitivity assay 

(Sambrook and Russell, 2001). Localisation of hypersensitive regions in active genes 
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enables the identification of gene regulatory elements. Gross and Garrard (1988) (Gross 

and Garrard, 1988) have suggested that hypersensitive sites indicate regions of DNA where 

nucleosomes have been displaced due to the binding of transcription factors, causing these 

regions to be sensitive to DNase 1. Different types of functional sequences are associated 

with DNase 1 hypersensitive sites including silencers, enhancers, tissue specific regulatory 

sequences and regions that are related to developmental control (Sambrook and Russell, 

2000). For example, previous work by Kubota and colleagues (2001) identified three 

hypersensitive sites within the first exon of the C/EBPε gene, which were only observed in 

C/EBPε expressing cell lines. Therefore the DNase 1 hypersensitivity assay is a method 

that can be used to identify transcriptionally active regions that are located within or 

flanking a gene.  

 

CD30 has a very restricted tissue specific expression as it is predominantly expressed on 

the surface of activated B and T cells in healthy individuals. On the other hand, CD30 is 

overexpressed in diseases such as ALCL and HD. Dürkop and colleagues (1992) (Dürkop 

et al., 1992) have demonstrated that this gene is regulated primarily at the transcriptional 

level. Previous work by Croager and colleagues (2000) (Croager et al., 2000) identified a 

CCAT microsatellite region from –1200 to –336 and a Sp1 binding site at –43 to –38 

within the proximal promoter of CD30. The Sp1 transcription factor binding site was found 

to be important for the transcriptional initiation of CD30 while the microsatellite region 

was found to possess a repressive effect on the level of transcription due to the binding of 

transcription factor YY1 (Yin Yang 1) to the CCAT tetra-nucleotide repetitive region 

(Franchina et al., 2008). In addition, Watanabe and colleagues (2003) (Watanabe et al., 

2003) have discovered that the binding of transcription factor AP-1 to the 3’ end of the 
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microsatellite region appears to relieve its suppressive nature. Currently factors that 

regulate the tissue specific expression of CD30 are unknown. Therefore phylogenetic 

footprinting and the DNase 1 hypersensitivity assay were employed to search the CD30 

gene for potential transcriptionally active regions located outside the proximal promoter.   

 

This chapter details the bioinformatics approach that was initially utilised to determine 

potential functional regions that were conserved throughout evolution as well as the design 

and synthesis of probes that were used in the hybridisation step of the DNase 1 

hypersensitivity assay. These probes together with the selected restriction enzymes were 

then used in the identification of two transcriptionally active regions located within intron 1 

of the CD30 gene. 
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3.2 Methods 

 

3.2.1 Bioinformatics 

 

The ECR (evolutionary conserved region) browser (http://ecrbrowser.dcode.org) was used 

in this study to carry out phylogenetic footprinting to aid in the identification of 

evolutionarily conserved regulatory regions.  

 

3.2.2 Identification of suitable restriction endonuclease for the DNase 1 

hypersensitivity assay 

 

The computer programme MacVector 7.0 (Oxford Molecular) was utilised to search for 

potential restriction endonuclease that could be used in the DNase 1 hypersensitivity assay. 

 

3.2.3 Cell lines utilised in DNase 1 hypersensitivity assay 

 

Several human cell lines were utilised in the DNase 1 hypersensitivity assay; 

Karpass-299, SUDHL-1 and SR786 are CD30 expressing human ALCL cell lines. HDLM-

2, L-540 and L-428 are CD30 expressing human Hodgkin lymphoma cell lines. Jurkat is a 

human T cell leukaemia cell line while HD-MY-Z is a non-expressing human Hodgkin 

lymphoma cell line. Culturing conditions for the mentioned cell lines are detailed in 

Chapter 2. 

 

3.2.4 Synthesis of probes for utilisation in DNase 1 hypersensitivity assay 

 

Probes utilised in the hybridisation step of the DNase 1 hypersensitivity assay were 

generated from PCR products. These PCR products were generated from primers that were 



Chapter 3                              Identification of transcriptionally active regions downstream of the CD30 proximal promoter 

 

 77 

designed across several regions of the CD30 gene such as the proximal promoter and across 

Intron 1 and 2. These probes were synthesised under the conditions detailed below; 

 

CD30 Intron 2 Probe (+22467 to +22919) 

 

CD30 Intron 2 probe was synthesised with primer Int2 Fwd (5’- 

GCTTAGGCCCGAGGAGATAAG-3’) and primer Int2 Rev (5’-

GCCTGGTCTGCAATCTCATGG-3’) using a Platinum® Pfx Taq polymerase kit 

(Invitrogen). PCR conditions consisted of an initial denaturation step at 94o C for 1 min. 

This was followed by 30 cycles of 94o C for 30 s, 60o C for 30 s, 68o C for 1 min and lastly 

by a final elongation step at 68o C for 5 min. 

 

CD30 Proximal Promoter Probe (-320 to +123) 

 

CD30 proximal promoter probe was synthesised using primer MS/CpG Fwd (5’-

TAGGCCAGTTGTCCCTTCCA-3’) and MS/CpG Rev (5’-

GTGGTTGTTCCTCCGAGGTT-3’) using a Platinum® Pfx Taq polymerase kit 

(Invitrogen). PCR conditions for this probe consisted of an initial denaturation step at 94oC 

for 1 min. This was followed by 30 cycles of 94o C for 30 s, 60o C for 30 s, 68o C for 1 min 

and lastly by a final elongation step at 68o C for 5 min. 

 

CD 30 Intron 1A Probe (+9002 to +9470) 

 

CD30 Intron 1A probe was synthesised using primer Int 1 Fwd (5’-

AGATGAACAGTTCCAGTCCTT-3’) and primer Rev (5’-

ATTATCTGTGCACGCACTCTCTG-3’) using a Platinum® Taq polymerase kit 
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(Invitrogen). PCR conditions for this probe consisted of an initial denaturation step at 94o C 

for 2 min. This was followed by 30 cycles of 94o C for 30 s, 59o C for 30 s, 72o C for 1 min 

and lastly by a final elongation step at 72o C for 7 min. 

 

CD30 Intron 1B Probe (+1211 to +1667) 

 

CD30 Intron 1B probe was synthesised using Primer Vsp1 Fwd (5’-

ATGCCTGCTGAATGATACAGAG-3’) and primer Vsp1 Rev 5’-

GAAGCACATGAGCTTCAGCTGC-3’) using a Platinum® Taq polymerase kit 

(Invitrogen). PCR conditions for this probe consisted of an initial denaturation step at 94oC 

for 2 min. This was followed by 30 cycles of 94o C for 30 s, 61.5o C for 30 s, 72o C for 1 

min and lastly by a final elongation step at 72o C for 7 min. 

  

All PCR products were electrophoresed on a 1 % agarose gel to check the size and integrity 

before purification of these PCR products according to methods previously detailed in 

Chapter 2. 

 

3.2.5 DNase 1 hypersensitivity assay 

 

The DNase 1 hypersensitivity assay was carried out as described in section 2.10 of Chapter 

2.  
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3.3 Results 

 

3.3.1 Identification of evolutionarily conserved regions within the CD30 gene 

via phylogenetic footprinting  

 

The web-based tool ECR browser (http://ecrbrowser.dcode.org) enables access to whole 

genome alignments of several different genomes including human, mouse, rat, and monkey. 

This enabled the identification of potential functionally significant regulatory regions on 

the basis that there is selective pressure throughout evolution to preferentially conserve 

functional sequences. The known transcriptional regulatory elements of CD30 although 

shown to be implicated in its regulation none provide an explanation for the cell-specific 

expression of CD30 in the tumour cells of ALCL and HL. Therefore, the multiple sequence 

alignments of upstream and across the promoter to the first intronic region of the CD30 

gene were carried out to identify additional transcription regulatory elements. These 

transcription factor binding sites are usually located in non-coding regions of a genes, such 

as the 5’ flanking regions as well as in introns (Lodish et al.,. 2000).  

 

Using the ECR browser, the genome of five mammalian species (possum, dog, mouse, rat 

and monkey) was compared to that of the human. Results from the ECR browser indicated 

several regions of sequence conservation across the first intronic region of the CD30 gene 

(Figure 3.1). The red bars above each species plot indicate regions of high levels of 

conservations derived from the multiple alignments and are denoted as ECRs. Four regions 

of this intron, as indicated by the coloured boxes, were of interest to us as these regions 

exhibited high levels of sequence conservation. These four regions demonstrated differing 

levels of conservation across the different species. The region highlighted by the red box 
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Figure 3.1 Comparative genomic sequence analysis obtained from ECR browser (http://ecrbrowser.dcode.org).  Analysis was carried 
out across the promoter, exon 1 and part of intron 1 of the CD30 gene. The genome of five different species (possum, mouse, rat, dog and 
monkey) were compared to the human sequence (set as base sequence) and is represented on the horizontal axis. Multiple un-gapped 
alignments are denoted by the short black horizontal lines. The length of these lines correlates to the alignment length corresponding to the 
base sequence and their height corresponds to the percentage of nucleotide identity. Evolutionary conserved regions (ECRs) are represented 
by dark red rectangles at the top of the plot for each species. Regions highlighted by coloured boxes displayed conservation across multiple 
species thus suggesting they contain potential regulatory elements. 
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indicate conservation of this region across four out of the five species that were compared 

to the human genome while the region highlighted by the yellow box only showed 

conservation in one out of the five examined. These identified ECR regions as shown in 

Figure 3.1 may contain potential factors that are involved in the regulation of CD30. 

Therefore to validate if these conserved regions of the CD30 gene are transcriptionally 

active, this intronic region that exhibited several areas of conserved sequence was then 

subjected to analysis by DNase 1 hypersensitivity assay.  

 

3.3.2 Identification of suitable endonucleases for detection of DNase 1 

hypersensitivity within  CD30 

 

The MacVector 7.0 (Oxford Molecular) programme was used to identify potential 

restriction endonucleases that would aid us in identifying transcriptionally active regions of 

the CD30 gene through the DNase 1 hypersensitivity assay. Of interest were restriction 

endonucleases that have recognition of sites that are located within and surrounding the 

proximal promoter of CD30. To further refine the initial search for suitable restriction 

endonucleases, several conditions such as number of restriction sites across regions of 

interest, length of restriction fragments, methylation sensitivity, star activity and their 

availability, were applied. These analyses yielded two ideal restriction endonucleases 

Eco91I and Vsp1 (Figure 3.2). Eco91I was initially utilised to scan a large region from 

upstream of the proximal promoter to just downstream of exon 2 of the CD30 gene. Vsp1 

was then used in conjunction with Eco91I to allow for greater resolution of any potential 

hypersensitive sites across intron 1.  
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Figure 3.2 A restriction map of Eco91I (A) and Vsp1 (B) cutting sites located across the CD30 gene. Depicted by the arrows are the 
sizes of restriction fragments generated by the corresponding restriction enzyme that were utilised in the DNase 1 hypersensitivity assay. 
Positions indicated above are in relation to the major transcriptional start site derived from the genomic sequence of CD30 [Genbank 
Accession:M83554] 
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3.3.3 DNase 1 hypersensitivity is not present within the region spanned by the 

Eco91I 13.39 kb fragment when utilising the CD30 Intron 2 probe 

 

The CD30 Intron 2 probe was positioned at the 3’ end of the 13.39 kb Eco91I restriction 

fragment (Figure 3.2) and it was used to search +9947 to +23351 (relative to the 

transcriptional start site) of the CD30 gene for any DNase 1 hypersensitivity. An initial 

series of dilutions of 1/40, 1/80, 1/160, 1/320, 1/640, 1/1280 and 1/2560 of the standard 

DNase 1 enzyme (105 U/µL) was initially used. Isolated genomic DNA was treated with 

the above mentioned dilutions of DNase 1 followed by digestion with the Eco91I restriction 

enzyme. The restricted DNA was then purified and resolved on a low percentage (0.6 %) 

agarose gel to enable sufficient resolution of the large restricted fragments. Electrophoresed 

fragments were transferred on to a positively charge membrane followed by hybridisation 

with the CD30 Intron 2 probe. The resulting autoradiographs of CD30 expressing cell line, 

SU-DHL-1 and non-expressing CD30 cell line HD-MY-Z were then compared to 

determine the presence of any hypersensitive regions (Figure 3.3).  

 

Although possessing some traces of non-specific hybridisation, these autoradiographs 

revealed the presence of a single 13.39 kb Eco91I restriction fragment in both the CD30 

expressing and non-expressing cell line SU-DHL-1 and HD-MY-Z respectively. The 

titration of DNase 1 concentrations did not produce any smaller hybridising bands within 

this 13.39 kb Eco91I restriction fragments. This suggests that there are no transcriptionally 

active regions located within intron 1 and exon 2 of the CD30 gene spanned by the 13.39 

kb Eco91I restriction fragment.  
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Figure 3.3 No DNase 1 hypersensitivity was detected in the region spanned by the 
13.39 kb Eco91I restriction fragment. DNA isolated from CD30 expressing cell line, SU-
DHL-1 (A) and CD30 non-expressing cell line, HD-MY-Z (B) were digested with Eco91I 
and were analysed with the Intron 2 probe. Position of this probe in relation to the 
restriction fragment is illustrated in (C). Lane C is the control sample that was only digested 
with the restriction enzyme. 
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3.3.4 Identification of a DNase 1 hypersensitive region within Intron 1 of CD30 

 

The 14.28 kb Eco91I restriction fragment that spanned upstream of the CD30 proximal 

promoter to the middle of Intron 1 (-4353 to +9947) (Figure 3.2) was then examined for 

any potential DNase 1 hypersensitivity. The probe that was used in conjunction with this 

restriction fragment was the CD30 proximal promoter probe (Figure 3.4) that is positioned 

downstream of the microsatellite region of the CD30 gene. In addition, further dilutions of 

the standard DNase 1 enzyme was introduced to avoid sub-optimal concentrations that may 

result in possible hypersensitivity sites not being detected.  

 

The autoradiograph of the CD30 expressing cell line SU-DHL-1 revealed the presence of 

the full length 14.28 kb restriction fragment as well as an additional faint and smaller 

hybridising fragment that was approximately 9.5 kb in size. This smaller and fainter 

fragment was observed only in samples that were incubated with both the Eco91I 

restriction enzyme and DNase 1 (Lanes 2-8) and is absent in the sample that was only 

digested with the Eco91I enzyme (Lane 1). The autoradiograph of the CD30 non-

expressing cell line HD-MY-Z did show some non-specific hybridisation as indicated by 

the asterix as shown in Figure 3.4B. However, after careful examination of the 

autoradiograph, only the presence of the full length 14.28 kb Eco91I restriction fragment 

was observed. As no smaller hybridising fragments at the expected 9.5 kb position was 

observed in the CD30 non-expressing cell line, this result indicated the presence of a single 

DNase 1 hypersensitive site located within this region of the CD30 gene in the CD30 

expressing cell line. 
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Figure 3.4 DNase 1 hypersensitivity was detected within the region spanned by the 
14.28 kb Eco91I restriction fragment. DNA isolated from CD30 expressing cell line, SU-
DHL-1 (A) and CD30 non-expressing cell line, HD-MY-Z (B) were digested with Eco91I 
and were analysed with the proximal promoter probe. Position of this probe in relation to 
the restriction fragment is illustrated in (C). Fragment generated by DNase 1 
hypersensitivity is indicated by the arrowhead and was sized to be approximately 9.5 kb. 
Due to the position of the probe this result indicates the possibility of two locations for the 
DNase 1 hypersensitive site as denoted by the green arrows (C). Lane C is the control 
sample that was only digested with the restriction enzyme. 
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3.3.5 Confirmation and localisation of the identified DNase 1 hypersensitive 

region within Intron 1 of the CD30 gene 

 

To further confirm the presence and to localise this DNase 1 hypersensitive site, a probe 

positioned at the 3’ end of the 14.28 kb Eco91I restriction fragment was designed (Figure 

3.5). In the previous blot (Figure 3.4) using the CD30 proximal promoter probe, a faint 

fragment was only observed in the samples that were digested with the three lowest 

dilutions (1/3840, 1/2560 and 1/1920) of DNase 1, therefore several more dilutions of the 

standard DNase 1 enzyme (105 U/µL) were introduced. These southern blots were probed 

with the CD30 intron 1A probe and the autoradiographs are shown in Figure 3.5. The result 

clearly confirmed the presence of a hypersensitive site as the blot consisting of DNA from 

the non-expressing CD30 cell line revealed the presence of only the full length 14.28 kb 

restriction enzyme fragment. However the blot from the CD30 expressing cell line once 

again revealed the presence of the full length 14.28 kb Eco91I restriction fragment as well 

as a smaller hybridising fragment. The smaller fragment was approximately 5.2 kb in 

length. This promising result confirmed the presence of a hypersensitive region located 

within the first 6 kb of intron 1 rather than in the upstream promoter region.  

 

3.3.6 Further localisation of the intronic DNase 1 hypersensitive region 

utilising the 9.83 kb Vsp1 restriction fragment 

 

In order to further refine the location of the previously identified hypersensitive site located 

within Intron 1 of the CD30 gene, an additional restriction enzyme that generated smaller 

restriction fragments across the region of interested was employed to examine this region in 

greater detail. Utilising the 9.83 kb Vsp1 restriction fragment, a new probe containing 

complementary sequence to the 5’ end of this restriction fragment was specifically 
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Figure 3.5 Confirmation and localisation of DNase 1 hypersensitivity within the 14.28 
kb Eco91I restriction fragment. DNA isolated from CD30 expressing cell line, SU-DHL-
1 (A) and CD30 non-expressing cell line, HD-MY-Z (B) were digested with Eco91I and 
were analysed with the Intron 1A probe. Position of this probe in relation to the restriction 
fragment is illustrated in (C). Fragment generated by DNase 1 hypersensitivity is indicated 
by the arrowhead and was sized to be approximately 5.2 kb. Position of the identified 
DNase 1 hypersensitive site is denoted by the yellow arrow in part (C). Lane C is the 
control sample that was only digested with the restriction enzyme. 
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designed. As the set of DNase 1 dilutions that were used in the previous blots were 

informative, a similar set of dilutions was applied. A comparison of the blots obtained from 

CD30 expressing and non-expressing cell lines (Figure 3.6) confirms yet again the presence 

of the previously identified hypersensitive region.  

 

The blot of the CD30 non-expressing cell line only illustrated the presence of the full length 

9.83 kb Vsp1 restriction fragment. On the other hand the blot of the CD30 expressing cell 

line demonstrated the full length Vsp1 restriction fragment as well as a strong but smaller 

hybridising band that indicated the presence of DNase 1 hypersensitivity within this region 

of intron 1. This smaller hybridising fragment was approximately 3.7 kb in size. This data 

supports the previous findings concerning the presence of the DNase 1 hypersensitive site 

that is located within intron 1 of the CD30 gene. Use of the Vsp1 restriction endonuclease 

in conjunction with the intron 1B probe has enabled the localisation of this hypersensitive 

site which is positioned approximately at +4760 (relative to the transcriptional start site) in 

the CD30 gene. As this hypersensitivity was only detected in the CD30 expressing cell line 

SU-DHL-1, this puts forth the possibility of this region containing potential transcription 

factor binding sites that may be involved in the transcriptional regulation of CD30. 

 

3.3.7 The identified hypersensitive region is present in other CD30 expressing 

cells lines, L-428, HD-LM-2 and SR-786 

 

In order to determine if the identified hypersensitive site was specific to the CD30 

expressing cell line SU-DHL-1 or if it is also present in other CD30 expressing cell lines, a 

similar approach was applied to several additional CD30 expressing cell lines. DNA 

isolated from CD30 expressing cell lines SR-786, HD-LM-2 and L-428 was treated with 
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Figure 3.6 DNase 1 hypersensitivity within intron 1 of the CD30 gene is further 
localised within the 9.83 kb Vsp1 restriction fragment. DNA isolated from CD30 
expressing cell line, SU-DHL-1 (A) and CD30 non-expressing cell line, HD-MY-Z (B) 
were digested with Vsp1 and were analysed with the Intron 1B probe. Position of this probe 
in relation to the restriction fragment is illustrated in (C). Fragment generated by DNase 1 
hypersensitivity is indicated by the arrowhead and was sized to be approximately 3.7 kb. 
Position of the identified DNase 1 hypersensitive site is denoted by the yellow arrow in part 
(C). Lane C is the control sample that was only digested with the restriction enzyme 
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both DNase 1 and the Vsp1 restriction endonuclease and then resolved on an agarose gel, 

Southern blotted onto nylon membranes and detected with intron 1B probe. All three blots 

obtained from these cell lines indicated the presence of the previously identified 

hypersensitive site (Figure 3.7). These blots showed the full length 9.83 kb Vsp1 restriction 

fragment as well as the smaller 3.2 kb hybridising fragment that had been previously 

detected in the blot of the SU-DHL-1 cell line. This result confirms the presence of this 

DNase 1 hypersensitive site within intron 1 of the CD30 gene in additional CD30 

expressing cell lines.  Therefore it suggests that this intron may contain regulatory elements 

that may be responsible for the expression of CD30 in various neoplastic cell lines.  

 

3.3.8 Identification of a second hypersensitive region within Intron 1 of the 

CD30 gene in Hodgkin lymphoma cell line L-540  

 

An additional CD30 expressing human HL cell line L-540 was also examined, utilising the 

Vsp1 restriction enzyme and the intron 1B probe. Surprisingly in addition to the full length 

9.83 kb Vsp1 restriction fragment that was observed on the resulting blot, two smaller 

hybridising fragments were also detected (Figure 3.8). The approximate sizes of these two 

smaller bands were 4.1 kb and 3.7 kb. Once again these smaller hybridising fragments were 

only visible in samples that had been digested with the restriction enzyme, Vsp1 as well as 

DNase 1. The smaller 3.7 kb fragment correlates to our previous findings in the other cell 

lines. However, the additional 4.1 kb fragment indicated the presence of a second DNase 1 

hypersensitive site that is located approximately 400 bp downstream of the first identified 

hypersensitive site. This result suggests that there may be additional regulatory elements 

present in the L-540 cell line that may contribute to higher level of CD30 expression
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Figure 3.7 Previously identified DNase 1 hypersensitivity within the 9.83 kb Vsp1 
restriction fragment is also detected in other CD30 expressing cell lines. DNA isolated 
from CD30 expressing cell line HD-LM-2 (A), SR-786 (B) and L-428 (C) were digested 
with Vsp1 and were analysed with the Intron 1B probe. Position of this probe in relation to 
the restriction fragment is illustrated in Figure 3.6 part C. Fragment generated by DNase 1 
hypersensitivity is indicated by the arrowhead and was sized to be approximately 3.7 kb. 
(*) in part B denotes incomplete digestion of that particular sample however the remaining 
lanes clearly indicated the presence of DNase 1 hypersensitivity. Lane C is the control 
sample that was only digested with the restriction enzyme 
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Figure 3.8 Two DNAse 1 hypersensitive sites detected within the Vsp 1 9.83 kb 
restriction fragment in high CD30 expressing cell line, L540. DNA isolated from high 
CD30 expressing cell line L-540 (A) was digested with Vsp1 and were analysed with the 
Intron 1B probe. Position of this probe in relation to the restriction fragment is illustrated in 
(B). Two DNase 1 hypersensitivie sites were detected in the CD30 gene of this cell line as 
indicated by the two arrowheads (A) sized at approximately 4.1 kb and 3.7 kb. Positions of 
the two identified sites are indicated by the yellow and green arrows. Lane C is the control 
sample that was only digested with the restriction enzyme. 
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observed in this cell line as shown Franchina et al, 2007 (Franchina et al., 2008).  

 

3.3.9 DNase 1 hypersensitivity is absent in T cell leukaemia cell line Jurkat 

and low CD30 expressing ALCL cell line Karpas-299 

 

Due to the lack of radioactive facilities at the new laboratory, assays of DNase 1 

hypersensitivity examined in T cell leukaemia cell line Jurkat and ALCL cell line Karpas-

299 were carried out with a non-radioactive chemiluminescent detection method. Both of 

these cell lines express very low levels of CD30 in comparison to the previously assessed 

cell lines (Franchina et al., 2008). The similar set of DNase 1 dilutions and the Vsp1 

restriction enzyme that had been previously used was applied. While intensity levels of the 

full length bands were not as strong as those detected with the radioactive method, results 

for both cell lined indicated only the presence of the 9.38 kb restriction fragment (Figure 

3.9). No other hybridising fragment was observed indicating that the previously identified 

hypersensitive region (3.7 kb) was not present in these two cell lines that express low levels 

of CD30. This result implies that this hypersensitive region might contain enhancing factors 

that contribute to the high levels of CD30 expression observed in the other ALCL and HL 

cell lines.  
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Figure 3.9 No DNase 1 hypersensitivity was detected in the region spanned by the 9.83 
kb Vsp 1 restriction fragment in low CD30 expressing cell lines Jurkat (A) and 
Karpas-299 (B). DNA isolated from these two cell lines were digested with Vsp1 and were 
analysed with the Intron 1B probe. Position of this probe in relation to the restriction 
fragment is illustrated in (C). Lane C is the control sample that was only digested with the 
restriction enzyme. 
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3.4 Discussion 

 

The overexpression of the cytokine receptor CD30 has been associated with several 

lymphoproliferative diseases such as HL (Schwab et al., 1982; Stein et al., 1982) and non-

HLs  and in particular, ALCL (Stein et al., 2000). In contrast, within healthy individuals the 

expression of CD30 is predominant in activated B and T cells, suggesting that the 

expression of CD30 is tightly regulated in a cell specific manner. The expression of CD30 

has been shown to be regulated at the transcriptional level (Dürkop et al., 1992). Therefore 

previous work has focused on identifying and characterising promoter elements of the 

CD30 gene. However, none of these CD30 promoter transcriptional regulatory elements 

identified to date explain its cell specific expression.  

 

Therefore, the aim of this investigation was to identify additional potential cis-regulatory 

elements within the CD30 gene and validate them. The CD30 gene is 80.83 kb in length 

and comprises of 15 exons (ENST00000263932). Due to the large size of the first inton of 

this gene, the first approach involved carrying out comparative genomic sequence analysis 

from multiple mammalian species across this region of the CD30 gene. Regulatory 

sequences make up a proportion of the mammalian genome that does not encode protein 

however they do have an influence on gene expression. Therefore, inter-species genomic 

sequence comparisons have proved valuable in identifying non-coding regulatory 

sequences as it is believed that sequences implicated in gene expression have a tendency to 

be conserved between species (Pennacchio and Rubin, 2001). The ECR browser 

(http://ecrbrowser.dcode.org) programme enabled the easy access to whole genomes of 

various vertebrate species which were used for comparative genomic sequence analysis. 

The genome of five vertebrate species mouse, possum, dog, monkey and rat were compared 
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with the human sequence and the region spanned by the CD30 gene was examined for 

regions of conservations that are denoted as ECRs by the programme. ECRs are recognised 

as regions possessing high levels of identity against a neutrally evolving back ground. 

Transcription of various eukaryotic promoters are influenced by enhancers that may be 

situated upstream of a promoter or downstream in a promoter within an intron (Lodish et 

al.,. 2000). Therefore, the region upstream of the CD30 promoter as well as intron 1 of the 

gene was examined for multiple conserved regions. Results from this analysis indicated 

four areas that were conserved across the region of interest of the CD30 gene that displayed 

various levels of conservation across the different species (Figure 3.1).  

 

To determine if these conserved sequences within the CD30 gene are transcriptionally 

active, they were examined by assaying for DNase 1 hypersensitivity. Weintraub and 

Groudine (1976), have observed that genes contain distinct sequences that are sensitive to 

cleavage by endonucleases such as DNase 1. The patterns of these hypersensitive sites alter 

in relation to the activation state of the gene. Therefore, by conducting comparisons of the 

pattern of hypersensitive sites between a quiescent and an actively transcribed gene, regions 

involved in gene regulation can be established. Results obtained from the comparative 

genome alignment provided a starting point in searching for these transcriptionally active 

regions by narrowing the region that needed to be examined further. Suitable restriction 

enzymes were employed that enabled -4353 to +23351 (relation to transcriptional start site) 

of the CD30 gene to be investigated. The restriction enzyme Eco91I scanned upstream of 

the CD30 promoter and well into intron 2 and cuts this region into two large restriction 

fragments (14.28 kb and 13.39 kb) (Figure 3.2).  
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Analysis of the 13.39 kb Eco91I restriction fragment together with a probe designed at the 

3’ end of this fragment was conducted on CD30 positive cell line SU-DHL-1 and CD30 

negative cell line HD-MY-Z.  Comparisons of the autoradiographs indicated the presence 

of a single hybridising fragment which corresponded with the full length 13.39 kb fragment 

in both the CD30 positive and negative cell lines. No smaller hybridising fragments were 

observed within this region due to DNase 1 hypersensitivity thus indicating the absence of 

regulatory elements spanned by this restriction fragment. Therefore, efforts then proceeded 

to examine the 14.28 kb Eco91I fragment with a probe designed to hybridise just upstream 

of the transcriptional start site. The resulting autoradiographs indicated the presence of two 

possible locations for the DNase 1 hypersensitivity site due to the position of the probe. A 

possible hypersensitive site located upstream of the proximal promoter or located 

downstream of the transcriptional start site, within the first 10 kb of intron 1.  

 

To further elucidate the exact position of the hypersensitive site, another probe was 

designed to hybridise to the 3’ end of the 14.28 kb restriction fragment. This probe (intron 

1A probe) generated a 5.2 kb hybridising fragment. This result confirmed the presence of a 

hypersensitive site positioned within the first 10 kb of intron 1. In addition, it established 

that the hybridising 9.5 kb fragment detected by the proximal promoter probe was 

generated by a single hypersensitive region located within intron 1. In an attempt to further 

localise the position of this hypersensitive site, an additional restriction enzyme Vsp1 that 

generated a smaller restriction fragment across the region of interest together with the 

intron 1B probe was utilised. The intron 1B probe revealed the presence of a 3.7 kb 

hybridisation fragment which localised the hypersensitive site to approximately +4748 to 

+4760 of the CD30 gene. Interestingly, DNase 1 mapping results did not reveal any 
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hypersensitive sites in the proximal promoter region of CD30. The reasons for this are not 

clear but may relate to the fact that the DNA/protein interactions in this region do not 

expose the DNA to nuclease digestion. It is also well known that the DNase 1 

hypersensitivity assay does not define all of the important regulatory regions of a gene 

(Carey and Smale, 2000). As the hypersensitive site was only observed in the CD30 

expressing cell line, this raises the possibility that an enhancer may be located in this 

region, which may upregulate the expression of CD30. The result also suggests that this 

region may contain potential transcription factor binding sites that would explain the tissue 

specific expression of CD30.  

 

It is expected that the addition of the 9.5 kb fragment generated by the CD30 proximal 

promoter probe and the 5.2 kb fragment revealed by the CD30 Intron 1A probe should 

result in a 14.28 kb fragment. However, the addition of the fragment sizes results in a 

fragment that is approximately 400 bp greater than the 14.28 kb Eco91I restriction 

fragment. As these fragments are fairly large in size, this makes it difficult to accurately 

size them. In addition, the size discrepancy could also be due to the allelic nature of the 

microsatellite region that is located within the proximal promoter of the CD30 gene. 

Different lengths of the CD30 microsatellite have been established in our laboratory 

(McIntyre et al., 2003). Therefore, to account for this and to ensure the inclusion of the 

identified hypersensitive site when characterising its functional significance, an extended 

region of +4378 to +5274 was cloned and subjected to reporter gene assays in the next 

chapter.  

 



Chapter 3                              Identification of transcriptionally active regions downstream of the CD30 proximal promoter 

 

 106 

DNase 1 hypersensitivity assay was also applied to other CD30 expressing cell lines such 

as SR-786, HD-LM-2 and L-428, to determine if the identified hypersensitive site was 

specific to the CD30 expressing cell line, SU-DHL-1. Results from this assay revealed that 

the previously identified hypersensitive site is also present in other CD30 expressing cell 

lines further confirming its presence within intron 1 of the CD30 gene as well as 

implicating its role as an enhancer in the regulation of CD30. An additional cell line was 

also examined for the presence of this hypersensitive site. Based on published real time 

analysis of CD30 expression, the cell line L-540 exhibits the highest levels of CD30 

expression compared to the other cell lines analysed in this study (Franchina et al., 2008). 

Analysis of the CD30 gene in this cell line revealed the presence of not only one but two 

hypersensitive regions within the 9.38 kb restriction fragment. The two smaller hybridising 

fragments observed on the autoradiograph of the L-540 cell line were sized to be 3.7 kb and 

4.1 kb thus indicating the presence of the second hypersensitive site located approximately 

400 bp downstream of the first identified site. These findings suggest that not only is the 

first hypersensitive site involved in the regulation of CD30 expression, but the second 

hypersensitive site may also contain additional factors that results in the very high levels of 

CD30 in the L-540 cell line. 

 

The DNase 1 hypersensitivity assay was then applied to two additional cell lines that 

displayed very low levels of CD30 expression to further substantiate that the identified 

hypersensitive region is involved in regulating CD30 expression. Based on the previously 

mentioned real time results, CD30 expression levels in Jurkat (T cell leukaemia cell line) 

and Karpas-299 (ALCL cell line) displayed significantly lower levels of CD30 expression 

compared to the other CD30 positive cell lines tested in this study. No hypersensitivity was 
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detected within the 9.38 kb Vsp1 restriction fragment of these two cell lines, providing 

further evidence that the previously identified hypersensitive sites contain elements that 

may contribute to the high levels of CD30 expression observed in the cell lines of ALCL 

and HL origin.  

 

The results generated from both analyses in this study were then overlaid to determine if 

the identified hypersensitive sites corresponded to any of the previously identified ECRs 

generated from the multiple genome sequence alignments. It was found that the two 

identified hypersensitive regions corresponded to two out of the four ECRs that were of 

interest. The first hypersensitive region corresponds to the ECR highlighted in purple and 

the second region corresponds to the ECR highlighted in yellow (Figure 3.1).  

 

Overall the data presented in this chapter have demonstrated that comparative genome 

alignments coupled with DNase 1 hypersensitivity assay are a useful technique to aid in the 

identification of transcriptionally active regions of a gene. Results from this chapter have 

identified two hypersensitive sites located within intron 1 of the CD30 gene that correlate 

with two out of the four identified ECRs. In addition, the presence of the hypersensitive 

sites appear to be associated with the various levels of CD30 expression observed in the 

numerous ALCL and HL cell lines that were tested in this study. The first hypersensitive 

region has been narrowed down to within 500 bp therefore the next chapter focuses on 

testing the functional significance of this hypersensitive site through reporter gene assay as 

well as further localising its exact position.   
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4.1 Introduction 

 

Factors that contribute to the overexpression of CD30 in diseases such as HL and ALCL are 

of great interest as its expression relates to disease progression. With the help of 

phylogenetic footprinting and the DNase 1 hypersensitivity assay as discussed in the 

previous chapter, potential transcriptionally active regions thought to be involved in the 

transcriptional upregulation of CD30 have been identified. The DNase 1 hypersenstivity 

assay enables the examination of large regions of a gene for transcriptionally active regions, 

however resolution of this assay due to the size of DNA fragments makes it difficult to 

accurately localise the exact position of these sites. Therefore to further localise the 

positions of these identified DNase 1 sensitive regions as well as to test their functional 

significance, a series of deletion constructs were created and tested in various CD30 

expressing cell lines.  

 

As the second DNase 1 hypersensitive site was identified after the generation of the 

deletion constructs, efforts were focused on characterising the activity and position of the 

first DNase 1 hypersensitive site that was previous localised to approximately at +4748 bp 

of the CD30 gene. To ensure the inclusion of this site, an extended region of +4378 to 

+5274 region of intron 1 of the CD30 gene was initially cloned downstream of a luciferase 

reporter gene driven by the full length CD30 promoter. A series of subsequent deletions 

containing varying lengths of this intronic region was then created from this construct and 

transiently transfected into several CD30 expressing cell lines of HL and ALCL origin.  

 

In addition, as unpublished data obtained in our laboratory has suggested that the chromatin 

conformation is involved in the regulation of CD30 expression, a quantitative real time 
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PCR assay termed chromatin accessibility real time polymerase chain reaction (CHART-

PCR) was employed to examine chromatin accessibility levels within the region 

surrounding the two identified DNase 1 hypersensitive sites. Within eukaryotic nuclei, the 

organisation of DNA into chromatin involves the wrapping of DNA around histone 

octamers to form nucleosomes and the folding of the nucleosomal fibre into a higher order 

structure (Luger and Richmond, 1998). The organisation of the structure of chromatin is 

mostly due to the interactions between the N-terminal ‘tails’ of the core histones (Howe et 

al., 1999). Modification of the histone ‘tails’ via phosphorylation, methylation and 

acetylation alters the interaction potential of these domains which ultimately affects the 

folding and structure of the chromatin fibre (Howe et al., 1999). Chromatin can be 

classified into heterochromatin and euchromatin, where heterochromatin refers to regions 

of chromatin that are highly condensed and are transcriptionally inactive while euchromatin 

refers to less condensed sections of chromatin that are usually involved in transcription 

(Grewal and Moazed, 2003). The transition of the structure of chromatin is facilitated by 

two enzymes, histone actyltransferase (HATs) and histone deacetylase (HDACs). HAT’s 

are responsible for the acetylation of histone tails, which disrupts the folding of the higher 

order structure of chromatin (Grunstein, 1997). This results in the chromatin adopting a 

more accessible conformation, which enables the binding of transcription factors or RNA 

polymerase that may stimulate transcription (Wittschieben et al., 1999). The action of 

HATs resulting in the acetylation of histones can be reversed by HDACs, which have been 

previously demonstrated to be involved in many repression phenomena (Khochbin et al., 

2001). This is achieved via HDACs catalysing the removal of an acetyl group from the 

modified lysine residues from the N-terminal tail region of a core histone (Luger and 

Richmond, 1998).  
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The CHART-PCR assay developed by Rao et al (Rao et al., 2001) is a quantitative PCR 

assay that involves isolating undigested and micrococcal nuclease (MNase) digested 

chromatin-associated genomic DNA samples from expressing and non-expressing cell 

lines. Isolated DNA is then subjected to real time PCR with primers that were designed to 

amplify regions of interest. This assay measures the degree of chromatin accessibility 

across each primer pair and the amount of PCR product generated is inversely proportional 

to the level of MNase digestion within the region. Therefore an increase in the level of a 

MNase digestion indicates an increased level of chromatin accessibility thus resulting in 

less PCR product being generated compared to a non-expressing cell line (Figure 4.1). 

Therefore CHART-PCR assay was utilised to compare differences in chromatin 

accessibility levels between a CD30 non-expressing cell line and several CD30 expressing 

cell lines as well as to isolate particular regions that are involved in the transcriptional 

regulation of CD30.  

 

This chapter details the approach used to generate deletion constructs as well as transfection 

protocols that were employed to determine the functional significance of the first DNAse 1 

hypersensitive site. Also detailed are the positions of designed primer pairs and cycling 

conditions that were used to amplify regions surrounding the two DNase 1 hypersensitive 

regions. These two techniques enabled the localisation of regions within intron 1 of the 

CD30 gene that maybe involved in its regulation as well as provide an insight into possible 

chromatin remodelling events that occurs within this region.       
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Figure 4.1. A schematic flow diagram of the CHART-PCR analysis procedure. Shown 
are schematic representations of chromatin that exists in an open conformation for an active 
gene and chromatin that exists in a condensed conformation for an inactive gene. 
Chromatin in an open complex is more accessible to digestion with micrococcal nuclease 
(MNase) compared to chromatin in a condensed conformation. The amount of digestion is 
measured by real time PCR across the region of interest. Accessibility is inversely 
proportional to the amount of PCR product generated. 
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4.2 Methods 

4.2.1 Cell Lines 

 

Four cell lines were utilised in transfection assays carried out in this chapter. SU-DHL-1, 

SR-786 and Karpass-299 are all CD30 expressing human ALCL cell lines that carry the 

t(2;5)(p23;q35) NPM-ALK fusion gene and L-540 is a CD30 expressing human HL cell 

line. For chromatin real time PCR (CHART-PCR) analysis cell lines utilised in transfection 

assays were also applied to this analysis together with two additional cell lines. HD-LM-2 

is a CD30 expressing human HL cell line while HD-MY-Z is a CD30 non-expressing cell 

line derived from human HL.  

 

4.2.2 Construction of CD30 promoter/intronic region luciferase reporter 

plasmid 

 

4.2.2.1    Isolation and preparation of human CD30 intronic fragment 

 

Region in intron 1 of the CD30 gene containing the first identified DNase 1 hypersensitive 

site was amplified from genomic DNA to contain a BamH1 and Sal1 restriction sites at the 

respective 5’ and 3’ end of the amplified fragment.  

 

The intron 1 fragment was synthesised utilising CD30 Cln Fwd [Bam H1] (5’-

TATGGGATCCGCTTAGCTAGTTACTCCATACAGTGTAG-3’) primer and CD30 Cln 

Rev [Sal 1] primer (5’TATGGTCGACCTTAGGCATTCAGGGAGTAACTAGACTG-3’) 

USING A Platinum® Pfx Taq polymerase kit (Invitrogen, Australia). PCR conditions 

consisted of an initial denaturation step at 94o C for 2 min followed by 40 cycles of 94o C 

for 30 s, 55o C for 30 s and 72o C for 1 min and a final elongation step of 72o C for 10 min. 
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Amplified products were resolved on a 1 % agarose gel with ethidium bromide. Purification 

of amplified products was achieved by gel extraction (Section 2.11.2).  

 

4.2.2.2 Preparation of pGL3-Basic plasmid containing the full length CD30     

promoter  

 

The pGL3-basic plasmid containing the -1.2 kb CD30 promoter cloned upstream of the 

luciferase gene was constructed by Emma J. Croager (Croager et al., 2000). To attain 

enough copies of our plasmid of interest, it was transformed into DH5α-TIR  bacterial cells 

(Section 2.11.6) and plated onto ampicillin plates and prepared accordingly using the 

QIAfilter™ Endofree™ Plasmid Maxi Kit [Qiagen Pty Ltd, Australia] (Section 2.7.5). 

 

4.2.2.3 Subcloning of the human CD30 intronic fragment into pGL3-basic 

containing CD30 promoter 

 

The vector containing the cloned full length CD30 promoter and the amplified PCR 

fragment were digested with Bam H1 and Sal 1 restrictions to generate complementary 

sticky ends. Digestions were carried out separately to ensure complete digestion and were 

purified by phenol : chloroform extraction and ethanol precipitation (Section 2.7.1 and 

2.7.2). To prevent self-ligation, the digested plasmid was phosphatased (Section 2.11.4). 

The phosphatased vector was purified utilising the QIAquick® PCR purification kit (Qiagen 

Pty Ltd, Australia) according to manufacture’s instructions.  

 

Phosphatased vector and digested PCR fragment were ligated together (Section 2.11.5) and 

4 µL of ligation reaction mixture was transformed into XL1-Blue (Stratagene, USA) super-

competent cells and plated out on ampicillin plates (Section 2.11.6). Screenings of colonies 
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were carried out by small scale plasmid preps (Section 2.7.4) and restriction analysis 

(Section 2.11.1). The plasmid flagged for successful ligation were subjected to large scale 

plasmid purification (Section 2.7.5) and stored at -20o C till ready for use (Figure 4.2) 

 

4.2.3 Generation of CD30 promoter + intronic deletion luciferase reporter 

constructs 

 

To aid in the localisation of functional regions within the cloned insert, several deletion 

constructs were generated (Figure 4.3). The cloned 896 bp insert was divided into two parts 

by introducing a unique restriction enzyme site for MLu 1 via site directed mutagenesis 

(Section 2.13.2) using primers fwd (5’-AATCATCAGAAGGAAACGCGTGCTGAAGGA

TGACTG - 3’) and rev (5’- CAGTCATCCTTCAGCACGCGTTTCCTTCTGATGATT -

3’). Successful introduction of the restriction site was validated via sequencing (Section 

2.12) and restriction analysis (Section 2.11.2).  Screened plasmids containing the 

introduced MLu 1 restriction site was then digested with the appropriate restriction enzymes 

to generate the CD30 promoter + 5’ deletion and CD30 promoter + 3’ deletion constructs 

(Figure 4.3). Following restriction digests, digested vectors were blunt ended (Section 

2.11.3) with T4 DNA polymerase (Invitrogen, Australia) followed by ligation (Section 

2.11.5). The ligation mixture was transformed into super-competent XL1-Blue bacterial 

cells (Stratagene, USA) and screened by restriction analysis (Section 2.11.6 and 2.11.2).  

 

Additional deletion constructs were created utilising the CD30 promoter + 3’ deletion 

construct. A unique restriction site for Xho 1 was introduced at two separate positions in 

two CD30 promoter + 3’ deletion constructions (Figure 4.3) utilising primers fwd 

(5’- GGCTGCTCAAATCCTCTCGAGAGGCAAGGACGGAGG - 3’) and rev 
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Figure 4.2 Schematic outline of the cloning strategy utilised to generate the CD30 
promoter + full length insert construct. (A) Amplified intronic fragment that spanned the 
previously identified DNase 1 hypersensitive site from the previous chapter containing Bam 
HI and Sal I restriction sites at the 5’ and 3’ ends. The amplified fragment was digested 
with Bam HI and Sal 1 to generate complementary sticky ends. (B) The CD30 promoter 
only construct was digested with Bam HI and Sal I to yield complementary sticky ends to 
the amplified intronic fragment. (C) Bam HI and Sal I digested CD30 promoter only 
construct and Bam HI and Sal I digested PCR fragment were ligated together to generate 
the CD30 promoter + full length insert construct (6908 bp). This construct was then used to 
create a series of deletions described in Section 4.2.3.  
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Figure 4.3 Diagram of deletion constructs that were generated for use in transient 
transfection assays. Sizes if deletions made are indicated by the dotted line. On the left are 
the corresponding restriction endonucleases that were utilised to generate the deletion 
construct illustrated above.  
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(5’- CCGCCGTCCTTGCCTCTCGAGAGGATTTGAGCAGCC - 3’) for the first Xho 1 

site and primers fwd (5’ - CTCAGCTTGAGAGCACTCGAGGCCGGAAGGAGGGGC -

3’) and rev (5’ – GCCCCTCCTTCCGGCCTCGAGTGCTCTCAAGCTGAG - 3’) for the 

second introduced Xho 1 site. The four remaining constructs were digested with the 

appropriate restriction enzymes (Figure 4.3) and are generated in a similar strategy as 

described above. All constructs utilised in transient transfection assays were prepared as 

described in Section 2.7.5 to ensure plasmid DNA was relatively free of endotoxin which 

may affect the transfection efficiency of sensitive eukaryotic cells.  

 

4.2.4 Mammalian cell transfections 

 

4.2.4.1  Optimisation of transient transfection conditions 

 

Transfection conditions had to be optimised to ensure the highest transfection efficiency 

with low toxicity to the cells. Therefore a control vector pEGFP-Luc (Clonetech, Australia) 

was used when testing conditions such as DNA concentrations, lipid concentrations, cell 

number and the exposure time of cells to DNA-liposome complexes for each cell line. The 

control vector was initially titrated with a series of DNA concentrations and lipid 

concentrations and incubated at several time points for each cell line. Luciferase activity 

was then assayed as mentioned in Section 2.17.2 for the various conditions to determine 

which conditions yielded the highest level of luciferase activity. The table below indicates 

the ideal conditions that were used in transfections for each cell line.  
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 SU-DHL-1 SR-786 KARPAS-
299 

L-540 
 

Number of 
cells per well 

(in 1 mL) 

 
4 x 105  

 

 
8 x 105  

 
3 x 105  

 
8 x 105  

Expression 
DNA 

1 µg/mL 
 

1 µg/mL 
 

1 µg/mL 
 

0.5 µg/mL 

Control DNA 
(pRLTK) 

10 ng/mL 10 ng/mL 10 ng/mL 5 ng/mL 

Lipofectamine 2.5 µL 4 µL 4 µL 2 µL 

Incubation 
time 

24 hrs 24 hrs 24 hrs 24 hrs  

 Table 4.1 Transfection conditions utilised in this study.  

 

4.2.4.2  Transient transfections of reporter constructs 

 

The eight constructs shown in Figure 4.2 generated were then transiently co-transfected into 

mammalian cells using Lipofectamine 2000TM (Invitrogen, Australia) together with pRL-

TK according to manufacturers instructions (Section 2.17). Transfected cells were then 

assayed for luciferase activity to determine transcriptional activity as illustrated in Section 

2.17.3.  

 

4.2.5 Chromatin accessibility real-time PCR (CHART-PCR) 

 

A protocol for examination of the accessibility of DNA-binding proteins within a particular 

region of DNA was developed by Mark Cruickshank (PhD thesis, 2007, UWA). Samples 

from different cell lines utilised in CHART-PCR analysis were prepared as described in 

section 2.15.  
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General cycling profile for CHART-PCR: 

 

95o C for 15 min 

95 o C for 10 s 

Tm for corresponding primer for 15 s 

72 o C for 25 s 

Melt (50-95°c), hold 30 s on the 1st step and hold for 5 s on the following steps 

 

Primer Primer sequence Tm 

 

CD30 Hyp 1 

Fwd (5’- AGGGAGGCAAGGACGGCGGG -3’) 

Rev (5’- CCTCCTTCCGGCACTCACTG -3’) 

 

60o C 

 

CD30 Hyp 2 

Fwd (5’- CAGTGAGTGCCGGAAGGAG -3’) 

Rev (5’- CAGCCCCATTTTCCTTCTG -3’) 

 

60o C 

 

CD30 Hyp 3 

Fwd (5’- CAGAAGGAAAATGGGGCTG -3’) 

Rev (5’- GAATCCTTGTCTGTGAAATG -3’) 

 

52o C 

 

CD30 Hyp 4 

Fwd (5’- CATTTCACAGACAAGGATTC -3’) 

Rev (5’- AGTATCCCCTGGGTGGAC -3’) 

 

52o C 

 

CD30 Hyp 5 

Fwd (5’- CTCTCTCCCCTCCCAGGTC -3’) 

Rev (5’- TGAATACTTGCATGTCACCAAA -3’) 

 

56o C 

 

CD30 Hyp 6 

Fwd (5’- TTACTCCCTGAATGCCTAAGTC -3’) 

Rev (5’- TGGTGTGAGCTGCCTCAG -3’) 

 

56o C 

Table 4.2 List of primers utilised in chromatin accessibility studies 

Positions of these primers utilised for CHART-PCR are indicated in Figure 4.4.  

 

 

40 cycles 
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+4378 GCTTAGCTAG TTACTCCATA CAGTGTAGTG CTAATCGTGG AATTTCAGGG 

+4428 AGTGGCAAGA GGGCAGGAGA GATTTTCTGG TTTTGTTTTG CAAAAGGGAC 

+4478 ATTTCCAGGG CTGCTCAAAT CCTGCAGGGA GGCAAGGACG GCGGGGGGGC 

+4528 GGGGGGGGGA CCTGGAGAGG AGGGGACCCT GAAGGAGTGG AAGGAGGGTC 

+4578 TGGCTTGTCT TAAAGCCATC CCTTCCCAGG GCGGCACTAG TGCTCTGGGG 

+4628 TCAGGGAGTC GTGTTACTCA GCTTGAGAGC AGTGAGTGCC GGAAGGAGGG 

+4678 GCGTTTACTG TAAGTTTCTG CTTCTGCTCC CACTCATATC TGACTTAGAC 

+4728 TCGTTTCTTG AGCAGATTGT GATTCATTCT AAGGTTTTTA TACTCCCTCA 

+4778 TCACCCTTCT TCACATCAGG ACAATCATCA GAAGGAAAAT GGGGCTGAAG 

+4828 GATGACTGTG TCTGGCCCGG GGGAGTCCTG GAGGCTTGAG GGTCCTTGGC 

+4878 AATGACAGTA GATCAGCCCA GCCTGGGCCA GCTTGTCCAG CCGGTGCACT 

+4928 GACCCTGGGT GTGGCCCATC TGGGATCACA GTCCTCATTT CACAGACAAG 

+4978 GATTCAGTGC AGAGGCCCAG AGGTAGGGGA GAGTCTTGCC TACAGTTCCA 

+5028 GGACTGGTCG GGGTAGAGCC CACCACAGAC TAGACACGCA GAATGTCAAA 

+5078 AAAAGGCAGC TCTCGGCCAT ACCAGTTCTC CACTTCTCTC TCTCCCCTCC 

+5128 CAGGTCCACC CAGGGGATAC TGGGGTGGGG GTGGGGGACC TTCTTCCGGT 

+5178 ATCTATGGTT GAAAACCACT GGGCATTCTC GTGGCCTTGC TGGTGGGGAG 

+5228 GGACTTTTTA TACATGGCTC AGTCTAGTTA CTCCCTGAAT GCCTAAGTCT 

+5278 TTTGGTGACA TGCAAGTATT CATGCATGCA TGCATCCAGC AGATCTGAAA 

+5328 TGAGCAGCTG TTCTGGGTCA GGCATGGCTC CAGGGACTTG CATTCAGCCT 

+5378 CTGCCTGTAT GCCCCCCGTG ACAGGATGCT TGCTCCTTGC TGAGGCAGCT 

+5428 CACACCATCC TGGGTTAGCT TTGGCATTTA GATGATCTTC ATGATATGCT 

+5478 GAAATCTAGT TTCTTTTTCT TTCTTTTTTT TTTTTTGAGA TGG 

Figure 4.4 Positions of primers utilised in CHART-PCR. Region denoted by the two 
arrows correspond to the 896 bp region that was initially cloned into the pGL3-basic vector 
containing the full length CD30 promoter. 
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CD30 Hyp R2 

CD30 Hyp F4 

CD30 Hyp R3 

CD30 Hyp R4 

CD30 Hyp F5 
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4.3 Results 

 

4.3.1 Functional analysis of the CD30 intronic element via a series of deletion 

constructs in CD30+ ALCL cell line Karpas-299 

 

Previous data have demonstrated that intragenic DNA sequence elements in the vicinity of 

the transcriptional start site of the CD30 gene play key roles in its expression (Croager et 

al., 2000; Croager et al., 1998; Watanabe et al., 2003). To determine if additional regions 

localised within the uncharacterised region of intron 1 of the CD30 gene were also involved 

in the regulation of CD30 expression, several reporter gene constructs containing the CD30 

gene promoter cloned upstream of the firefly luciferase reporter gene that differed in the 

length of intron 1 sequence were initially constructed (Figure 4.3).  To ascertain if the 

intronic sequence demonstrates a cell type specific component to its activity, these 

constructs were then transiently transfected into several ALCL and HL cell lines. These 

constructs were initially transfected into CD30 expressing ALCL cell line, Karpas-299. To 

ensure that the previously identified transcritionally active region located within intron 1 of 

the CD30 gene (see chapter 3) was examined, a 896 bp sequence (+4378 to +5275, relative 

to major transcriptional start site) was initially cloned downstream of the luciferase reporter 

gene driven by the full length CD30 promoter (Figure 4.3). 

 

Introduction of this 896 bp sequence resulted in a 4.5-fold increase in transcriptional 

activity indicating the presence of strong enhancer elements that are involved in the 

upregulation of CD30 transcriptional activity (Figure 4.5).  This result not only indicates 

that this region contains DNA sequence that controls gene expression but also suggests that 

the CD30 promoter sequences extend well into the gene itself and contains uncharacterised 

regulatory elements within intron 1. To aid in localisation of elements 
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Figure 4.5 Deletion analysis of the cloned 898 bp intron 1 region of the CD30 gene in Karpas-299 cells. Eight constructs containing 
various lengths of the 896 bp intronic region were co-transfected with pRL-TK into Karpas-299 cells and were incubated for 24 hrs before 
cells were assayed for luciferase activity. The relative transcriptional activity was calculated by expressing firefly luciferase activity / Renilla 
luciferase activity as a ratio. Error bars are standard errors from one experiment done in triplicate. Numbers represent the position of the 
CD30 intronic region that remains in the constructs (relative to major CD30 transcriptional start site).  
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responsible for the upregulation of the transcriptional activity of CD30, a series of deletion 

constructs containing different lengths of the 896 bp intronic region were subsequently 

generated. These constructs were then transiently transfected together with an internal 

Renilla luciferase construct, pRLTK which was used to correct for differences in cell 

numbers and transfection efficiency between individual transfections. 

  

The first set of deletion constructs divided the full-length 896 bp into two separate regions. 

These two constructs revealed that the regulatory elements responsible for the upregulation 

of transcriptional activity is localised within the +4378 to +4815 bp region as a deletion of 

this region results in a 2.5-fold decrease in the level of activity compared to the full-length 

sequence. In addition, the level of activity observed by the CD30 promoter + 5’ deletion 

construct was approximately 1.5-fold greater than activity levels noted by the CD30 

promoter only construct, suggesting that the +4816 to +5274 sequences might contain weak 

enhancers however elements that are mainly responsible for the major upregulation of 

CD30 transcriptional activity lay within the +4378 to +4815 region (Figure 4.5). This 

observation is further confirmed by the CD30 promoter + 3’ deletion construct, as the sole 

presence of the +4378 to +4815 sequence is able to restore activity levels to that observed 

by the construct containing full length 896 bp sequence.  

 

Efforts then focused on pinpointing regulatory elements within +4378 to +4815 region 

through the generation of four additional constructs derived from the CD30 promoter +3’ 

deletion construct (Figure 4.3). Deletion of the +4378 to +4502 region (Figure 4.5, CD30 

promoter + 3’ deletion 1) results in a slight increase (0.6-fold) in transcriptional activity 

suggesting a weak repressor within this region while deletion of the +4502 to +4660 region 

(Figure 4.5, CD30 promoter + 3’ deletion 2) in a slight decrease (0.6-fold) in activity levels 
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proposing the presence of a weak enhancer within this area. These findings indicate that 

regulatory elements primarily responsible for the major upregulation of CD30 

transcriptional activity are located within the +4660 to +4815 region as the absence of this 

region from the remaining two deletion constructs (Figure 4.5, CD30 promoter + 3’ 

deletion 3 and 4) diminishes transcriptional activity levels to levels generated by the CD30 

promoter-only construct. In addition, these findings suggest a role for this yet 

uncharacterised intronic regulatory element located within intron 1 of CD30.  

 

4.3.2 Enhancer activity of region +4660 to +4815 in Karpas-299 is also 

observed in other CD30+ ALCL cell lines SU-DHL-1 and SR-786 

 

To investigate if the previously observed increase in transcriptional activity level due to the 

introduction of intronic sequences holds for other CD30 expressing ALCL cell lines, the 

same set of constructs (Figure 4.3) were co-transfected into two additional CD30 

expressing ALCL cell lines SR-786 and SU-DHL-1.  

 

The introduction of the full length 896 bp intronic region in ALCL cell line SR-786 yielded 

approximately a 3-fold increase in the level of transcriptional activity (Figure 4.6). A 

similar trend to that seen in the Karpass-299 cell line, indicated that this intronic region 

contributes to the transcriptional upregulation of CD30 in SR786. Activities of the deletion 

constructs suggest weak enhancer elements within the +4378 to +4660 region as the 

excision of these regions (Figure 4.6, CD30 promoter +3’ deletion 1 and 2) demonstrates a 

slight decrease in transcriptional activity. However, like the Karpas-299 cell line, strong 

enhancer elements that result in the significant upregulation of transcriptional activity 

appear to be localised within the +4660 to +4815 region (Figure 4.6). The absence of this 



 

127 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6 Deletion analysis of the cloned 898 bp intron 1 region of the CD30 gene in SR-786 cells. Eight constructs containing various 
lengths of the 896 bp intronic region were co-transfected with pRL-TK into SR-786 cells and were incubated for 24 hrs before cells were 
assayed for luciferase activity. The relative transcriptional activity was calculated by expressing firefly luciferase activity / Renilla luciferase 
activity as a ratio. Error bars are standard errors from one experiment done in triplicate. Numbers represent the position of the CD30 intronic 
region that remains in the constructs (relative to major CD30 transcriptional start site).  
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region results in a fall in transcriptional activity to levels similar levels observed by the 

promoter-only construct (Figure 4.6, CD30 promoter +3’ deletion 3) or lower (Figure 4.6, 

CD30 promoter +3’ deletion  4).  

 

Similar to the other CD30+ ALCL cell lines tested, transient transfections data of the SUD-

HL-1 cell line indicated that introduction of the 896 bp intronic sequences resulted in 

approximately a 2.5-fold increase in the level of transcriptional activity (Figure 4.7, CD30 

promoter + full length insert). Subsequent deletions from the 5’ end towards the 3’ end of 

the intronic fragment (Figure 4.7, CD30 promoter + 3’ deletion 1 and 2) revealed that the 

presence of the +4660 to +4815 region restores and maintains transcriptional activity 

similar to the levels observed by the CD30 promoter + full length insert construct. In 

contrast, the absence of this region diminishes transcriptional activity levels to levels 

similar to the CD30 promoter-only construct (Figure 4.7).  

 

Data obtained from the transient transfections of the eight constructs into several CD30+ 

ALCL cell lines strongly suggest that the region spanning +4660 to +4815 contains strong 

enhancing regulatory elements that are involved in the transcriptional upregulation of 

CD30.   

 

4.3.3 Enhancer activity of region +4660 to +4815 in Karpass-299 is also 

observed in CD30+ Hodgkin lymphoma cell line L540 

 

To assess if enhancer regulatory elements that lie within the +4660 to +4815 region of the 

CD30 gene in ALCL cell lines also exhibit the same activity in CD30+ HL cell line, L-540, 

the eight constructs were then transiently co-transfected together with control vector 

pRLTK into L-540 cells. Once again the introduction of the 
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Figure 4.7 Deletion analysis of the cloned 898 bp intron 1 region of the CD30 gene in SU-DHL-1 cells. Eight constructs containing 
various lengths of the 896 bp intronic region were co-transfected with pRL-TK into SU-DHL-1 cells and were incubated for 24 hrs before 
cells were assayed for luciferase activity. The relative transcriptional activity was calculated by expressing firefly luciferase activity / Renilla 
luciferase activity as a ratio. Error bars are standard errors from one experiment done in triplicate. Numbers represent the position of the 
CD30 intronic region that remains in the constructs (relative to major CD30 transcriptional start site).  
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896 bp intronic region displayed a marked increase (3-fold) in the level of transcriptional 

activity (Figure 4.8, CD30 promoter + full length insert), demonstrating that the same 

enhancer activity encompassed by the introduced intronic region also functions in HL cell 

line, L-540. The deletions of the 896 bp region suggested the presence of a weak repressor 

in the +4378 to +4502 region and a weak enhancer within +4502 to +4660 (Figure 4.8, 

CD30 promoter + 3’ deletion 1 and 2). Strong enhancer activity was yet again localised to 

with the +4660 to +4815 region. The presence of this region alone was able to maintain the 

high level of transcriptional activity levels generated by the CD30 promoter + full length 

insert construct. The deletion of this region from CD30 promoter + 3’ deletion constructs 3 

and 4 yielded a decrease in transcriptional activity to levels equivalent or less than activity 

levels generated by the CD30 promoter only construct (Figure 4.8).  

 

4.3.4 Consistent chromatin digestion across all cell lines tested in CHART-

PCR assays 

 

To determine if the enhancer localised in the transfection assays showed changes in 

chromatin accessibility CHART-PCR assay (Rao et al., 2001) was used to examine 

chromatin accessibility levels across multiple cell types. MNase digestion patterns for each 

cell line were compared. Uniform global genomic DNA MNase digestion in each cell line 

(HD-MY-Z, SUD-HL-1, Karpas-299, L-540, SR-786 and HDLM-2) was assessed by 

comparing the electrophoretic patterns of digested (MNase treated) and undigested samples. 

Figure 4.9A displays an example of the global MNase digestion patterns that were detected 

across the six cell lines tested. The samples exhibited similar banding patterns to those 

frequently observed in partially MNase digested chromatin (Mirzabekov et al., 1980). Next, 
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Figure 4.8 Deletion analysis of the cloned 898 bp intron 1 region of the CD30 gene L-540 cells. Eight constructs containing various 
lengths of the 896 bp intronic region were co-transfected with pRL-TK into L-540 cells and were incubated for 24 hrs before cells were 
assayed for luciferase activity. The relative transcriptional activity was calculated by expressing firefly luciferase activity / Renilla luciferase 
activity as a ratio. Error bars are standard errors from one experiment done in triplicate. Numbers represent the position of the CD30 intronic 
region that remains in the constructs (relative to major CD30 transcriptional start site).  
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the level of chromatin accessibility at defined regions in our panel of cell lines was 

determined. To achieve this, two sets of primer pairs that targeted genomic regions 

representing chromatin conformations that is associated with developmentally restricted 

non-exposed (SP-A2) (Li et al., 1998) or ubiquitiously expressed (β-actin) (Danilition et al., 

1991) gene loci. As the SP-A2 gene is a developmentally regulated gene and its expression 

is restricted to the fetal lung (Boggaram et al., 1988) accessibility levels of this gene in our 

panel of cell lines is expected to be low. The SP-A2 regulatory region across our panel of 

cell lines displayed high levels of protection from MNase digestion with accessibility ratios 

ranging from 0.838 ± 0.045 (HD-MY-Z) to 1.132 ± 0.093 (HD-LM-2) (Figure 4.9B). 

Statistical analysis revealed no significant differences in mean chromatin accessibility 

levels, thus indicating that consistently low levels of chromatin accessibility was detected 

across the promoter region of developmentally restricted SP-A2 gene across all the cell 

lines tested (Figure 4.9B). 

 

On the other hand, increased levels of chromatin accessibility was observed across the 

regulatory region of constitutively active β-Actin gene compared to that of levels observed 

across the SP-A2 region with mean chromatin accessibility ratios ranging from 0.966 ± 

0.081 (HD-MY-Z) to 2.639 ± 0.310 (HD-LM-2) (Figure 4.9B). Student’s unpaired T-test 

revealed significant mean differences between accessibility levels between the SP-A2 and 

β-Actin regions for each cell with the exception of HD-MY-Z (Figure 4.9B). HD-MY-Z is 

an adherent cell line while the other five cell lines tested are suspension cell lines therefore 

the absence of a difference in mean chromatin accessibility levels between SP-A2 and β-

actin in the HD-MY-Z cell line could be due to the differences in β-actin expression caused 

by the morphological differences of these cells. These results not only indicate that 

CHART-PCR assays are able to detect site-specific variation in MNase chromatin 
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Figure 4.9 (A) An example of the global genomic DNA digestion patterns observed 
across in the panel of cell lines tested. Genomic DNA extracted for use in CHART-PCR 
were electrophoresed on a 1% agarose gel with ethidium bromide to visualise resulting 
MNase digestion patterns achieved by comparison of digested (MNase treated) and 
undigested (untreated) samples. Arrows indicate fragments generated due to digestion of 
DNA by MNase in between nucleosome units. (B) Comparisons of chromatin 
accessibility levels at constitutively active (β-actin) and restricted (SP-A2) regulatory 
region in human cell lines. Level of chromatin accessibility was calculated by expressing 
treated samples and control untreated samples as a ratio (undigested/MNase treated). Data 
represent the mean ± SEM with n = 3. Statistical significance was determined by student’s 
unpaired t-test and is represented as * p<0.05 and ** p<0.01. Data marked with (#) were 
determined as not significant. 
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accessibility levels that are reproducible in multiple cell lines but they also demonstrate that 

this assay is able to detect different levels of chromatin accessibility at different genomic 

locations.  

 

4.3.5 Localisation of potential transcriptionally active regions within Intron 1 

of the CD30 gene through chromatin accessibility studies 

 

Having validated the CHART-PCR assay to examine chromatin variations in different cell 

lines, this assay was then applied to the examination of differences in MNase accessibility 

levels the +4503 to +5424 region that encompasses the previously identified two DNase 1 

hypersensitive sites as described in Chapter 3. This assay was conducted on a panel of 

CD30 expressing and non-expressing cell lines. A series of primers pairs was designed to 

amplify fragments that spanned the two hypersensitive sites localised within Intron 1. The 

resulting MNase chromatin accessibility ratios were calculated for each fragment and 

plotted as shown in Figure 4.10.  

 

Analysis across the +4503 to +5424 region in the CD30- cell line, HD-MY-Z exhibited 

consistent and low accessibility levels with ratios ranging from 0.657 ± 0.036 to 0.966 ± 

0.017 (Figure 4.10), indicating that the chromatin conformation within this region is 

assembled into structures that are highly inaccessible to MNase. The data obtained from the 

CD30 non-expressing cell line also acts as a baseline control for non-expressed CD30. 

Figure 4.10 summarises MNase accessibility data obtained from the remaining cell lines 

across the +4503 to +5424 region of the CD30 gene. A common feature shared across the 

five CD30 expressing cell lines, was that general accessibility levels across the region of 

interest was greater compared to accessibility levels detected in the CD30 non-expressing 
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cell line. In the previous chapter, the DNase 1 hypersensitivity assay established the 

presence of transcriptionally active regions in CD30 expressing cell lines that fall within the 

region examined by CHART-PCR. Therefore the greater MNase accessibility levels 

observed in the various CD30 expressing cell lines correlated with increased transcriptional 

activity of the CD30 gene reporter constructs. Data also suggests that chromatin 

remodelling events that occur across these transcriptionally active regions within Intron 1 

may be due to the priming/preparation of the chromatin conformation upon activation of the 

CD30 gene making it more accessible to the binding of potential transcription factors that 

are involved in the overexpression of CD30 in ALCL and HL.  

 

Analysis of chromatin accessibility highlighted two regions that exhibited marked levels of 

accessibility across the +4503 to +5424 region. Regions amplified by primer set CD30 

Hyp2 (+4657 to +4824) and CD30 Hyp5 (+5115 to +5299) displayed enhanced MNase 

sensitivity compared with accessibility levels of the adjacent sequences, with the exception 

of cell lines L-540, Karpas-299 and SU-DHL-1 where enhanced accessibility levels 

observed across the region spanned by CD30 Hyp5 primer set also extends into the +5155 

to +5431 region amplified by the CD30 Hyp6 primer pair (Figure 4.10). The localisation of 

enhanced accessibility levels to the regions spanned by the two sets of primers corresponds 

to the positions of the two previously identified DNase1 hypersensitive sites. These results 

further confirmed the presence of two transcriptionally active regions within Intron 1 of the 

CD30 gene.  
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Figure 4.10 Chromatin accessibility across part of the CD30 intron 1 region that contains the previously identified DNase 1 
hypersensitivite sites in various CD30 expressing and non-expressing cell lines. Level of chromatin accessibility was calculated by 
expressing treated samples and control untreated samples as a ratio (undigested / MNase treated). Error bars are standard errors from one 
experiment done triplicate. Chromatin accessibility was plotted against the positions of primers used in the real time assay and points on the 
graph correspond to the mid point of each primer set. Nucleotide positions are relative to published major transcriptional start site (Croager 
et al.,. 1998). These results indicate that there is an increase in the level of chromatin accessibility across the regions spanned by primer sets 
2 and 5 which correlate to the previously identified DNase 1 hypersensitive regions in chapter 3.  
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4.4 Discussion 

 

The overexpression of CD30 is a diagnostic marker for HL and ALCL, therefore great 

interest lies in understanding the mechanisms that regulates its expression. This chapter 

focuses on localisation and testing the functional significance of the upstream DNase 1 

hypersensitive region that was identified in the previous chapter. Studies designed to 

identify transcriptional response elements that influence gene expression are typically 

conducted through transient transfection assays (Carey and Smale, 2000). This was 

achieved through a series of deletion constructs that were transiently transfected into a 

panel of cell lines of HL and ALCL origin all of which posses various CD30 expression 

levels that were used as model systems to study the transcriptional regulation of CD30 in 

vitro.  

 

Results obtained from the various cell lines tested indicated that strong enhancer elements 

involved in the upregulation of transcriptional activity are localised to +4660 to +4815 of 

intron 1 of the CD30 gene. Transient transfection assays have also revealed the presence of 

weak repressors and enhancers in areas of the gene surrounding the +4660 to +4815 region, 

suggesting that these regions may also contribute to the regulation of CD30. However 

elements that appear to be responsible for the marked upregulation of CD30 transcriptional 

activity are localised to the +4660 to +4815 region. In two of the four cell lines tested, L-

540 and SR-786 the CD30 promoter + 3’ deletion construct 3 and 4 (Figure 4.6 and 4.8) 

indicate that the +4501 to +4659 region of the CD30 gene contains repressive elements that 

are able to reduce of transcriptional activity to levels lower than levels generated by the 

CD30 promoter-only construct. The repressive nature of this region appears to be abolished 

in the presence of the +4660 to +4815 region, however other constructs tested in the same 



Chapter 4                                             Functional analysis and chromatin accessibility studies of DNase1 sensitive regions 

 139 

cell line suggest that weak enhancer elements may reside within this region instead. To 

further elucidate the functional significance of the +4501 to +4659 region further work 

would involve generating a reporter gene construct driven by the CD30 promoter solely 

containing the +4501 to +4659 region to determine the effect that this region has on 

transcriptional activity levels in the L-540 and SR-786 cell lines. Nonetheless these 

transient transfection assays clearly demonstrate that the +4660 to +4815 region contains 

strong enhancer elements that are responsible for the upregulation of CD30 transcriptional 

activity.  

 

While previous work (Croager et al., 2000; Croager et al., 1998; Franchina et al., 2008; 

Watanabe et al., 2003) has identified several regulatory elements that functionally alter 

basal transcription from the CD30 promoter, none of these elements appear to contribute to 

the tissue-specific regulation of CD30. Therefore the identification of an intronic enhancer 

that exhibits its activity in both CD30 expressing HL and ALCL cells might provide an 

explanation for the observed tissue-specific expression of CD30. As this region containing 

regulatory elements was initially identified by the DNase 1 hypersensitivity assay in CD30 

expressing cells lines but is absence in the CD30 non-expressing line would suggests that 

this intronic element is specific to the CD30 gene upregulation in ALCL and HL. Work by 

Majewski and Ott (2002) have examined the distribution and characterisation of regulatory 

elements within the human genome and they have found that the first introns within most 

genes play an important regulatory role that is involved in the transcriptional control of the 

gene. Previous work by Markar et al have identified the presence of an intronic silencer that 

regulates the B lymphocyte cell- and stage- specific expression of the human complement 

receptor type 2 (CR2/CD21) gene therefore supporting the possibility that this intronic 



Chapter 4                                             Functional analysis and chromatin accessibility studies of DNase1 sensitive regions 

 140 

enhancer that is involved in the transcriptional upregulation of CD30 maybe also provide 

explanation for its tissue specific expression.  

 

Chromatin accessibility studies were also conducted across the region spanning the two 

previously identified DNase 1 hypersensitive regions. Examinations of the chromatin 

conformation across this region aided in the localisation of specific transcriptional 

regulatory regions as well as provide an insight into possible chromatin remodelling events 

that may occur within this region. As the presence of the second intronic site from Chapter 

3 was detected prior to commencement of our accessibilities studies, primers were also 

designed to examine the chromatin conformation across the region surrounding this DNase 

1 sensitive region. Accessibility studies were conducted across the several cell lines and 

chromatin accessibilities compared between a CD30 non-expressing cell line with the 

accessibility levels detected across five different CD30 expressing cell lines from +4503 to 

+5434 of the CD30 gene. 

 

These studies detected differences in chromatin accessibility levels firstly between the 

CD30- cell line (HD-MY-Z) compared with the various five CD30+ cell lines (SU-DHL-1, 

L-450, HDLM-2, SR-786 and Karpas-299) and secondly variation of accessibility levels 

across the +4503 to +5434 region within each CD30+ cell line. Accessibility levels 

observed in the CD30- cell line were generally low and consistent thoughout the examined 

region. On the other hand, accessibility levels from the five CD30+ cell lines were 

generally greater than that observed in the negative cell line, suggesting possible chromatin 

remodelling events occurring within this region upon activation of the CD30 gene that 

‘primes’ this region of DNA for the binding of transcription factors that in turn regulate the 

expression of the gene.  
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Variation in chromatin accessibility levels were also detected within each of the CD30+ cell 

lines with a common characteristic of accessibility levels peaking across regions spanned 

by the CD30 Hyp2 and 5 sets of primers possibly due to the binding of regulatory factors 

within this region that affect the expression of the CD30 gene. In addition, chromatin 

accessibility data generated from this thesis indicated that these levels do correlate with 

CD30 expression levels with increased accessibility levels observed in the higher CD30 

expressing cell lines L-540, HD-LM-2 and SR-786 compared to the lower expressing CD30 

cell lines SU-DHL-1 and Karpas-299. Furthermore these two regions that exhibited 

pronounced levels of accessibility corresponds to the positions of the previously identified 

DNase 1 hypersensitive regions uncovered in the previous chapter, confirming the presence 

and the positions of these transcriptionally active regions. Work by Rao et al (Rao et al., 

2001) have previously utilised the CHART-PCR assay to investigate regions of the IL-2 

proximal promoter that partake in chromatin remodelling events upon its cellular activation 

in T cell lines as well as primary cells. This study was able to determine that chromatin 

remodelling events were limited to the first 300 bp of the proximal promoter region of the 

IL-2 gene, thus indicating that CHART-PCR is a suitable and useful method for 

determining chromatin remodelling events that occur within the CD30 gene.  

 

It also should be noted that chromatin accessibility ratios across different genomic regions 

may not necessarily identify different states of chromatin structure as DNA fragments show 

innate variation in susceptibility to MNase digestion. In addition, the length of target 

sequence being examined can also affect accessibility ratios as longer target sequences are 

more likely to be more sensitive to MNase digestion hence resulting in higher values of 

chromatin accessibility compared to shorter sequences. As the primers pairs designed for 

CHART-PCR assay targeted fragments ranging in size from 167 bp to 187 bp with the 
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exception of CD30 Hyp 6 primer set, therefore it is possible that the observed differences in 

accessibility are due to alterations in chromatin structure resulting in access of MNase to 

genomic DNA. Thus the observed differences in chromatin accessibility levels across 

primer sets CD30 Hyp2 and 5 compared to the other regions may therefore correspond to 

functionally relevant site-specific alterations in chromatin structure that in turn influence 

the transcription of the CD30 gene.  

 

Functional studies in this chapter tested the significance of the upstream identified DNase 1 

hypersensitive site and have localised important regulatory elements to +4660 to +4815 

region of the CD30 gene. Chromatin accessibility studies that examined this region detected 

an increased in accessibility spanned by the CD30 Hyp 2 primer set localised this region to 

+4657 to +4824 demonstrating the overlapping of results obtained by the two different 

techniques which were utilised. Due to time constraints the functional significance of the 

second DNase 1 hypersensitive site was unable to be tested, however promising results by 

CHART-PCR assay have suggested that this region may also contain important regulatory 

elements. Therefore future work would involve creating new reporter constructs to examine 

its functional significance as well as investigating the functional relationship between the 

first and second DNase 1 sites. 

  

This work further strengthens the idea that the CD30 gene contains regulatory elements that 

reside outside the  proximal promoter region as well as suggesting the possibility that the 

cell specific expression of CD30 maybe due to a combination of regulatory elements 

binding to this intronic region as well as chromatin remodelling events that occur within 

this area. Therefore efforts described in the next chapter focus on determining the identity 

of nuclear proteins that bind to the region surrounding the first DNase 1 hypersensitive site.    
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Identification and characterisation of the  

CD30 intronic transcriptional enhancer complex 
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5.1 Introduction 

 

The overexpression of CD30 has been previously shown to be a diagnostic marker for a 

range of non-HL, therefore understanding mechanisms that influence the expression of 

CD30 is of great interest to us. Previous studies have focused on identifying regulatory 

elements of this gene at the transcriptional level (Croager et al., 2000; Franchina et al., 

2008; Watanabe et al., 2003). However none of these identified factors appear to be 

associated with the high levels of CD30 expression observed in ALCL and HL cells. 

Therefore additional regions flanking the proximal promoter of CD30 gene were examined 

for potential transcriptional regulatory elements.  

 

Phylogenetic footprinting and DNase 1 hypersensitivity combined together with functional 

gene reporter assays have identified and localised a region within intron 1 of the CD30 gene 

that has been previously demonstrated to be involved in the transcriptional upregulation of 

CD30. This result further supports our hypothesis that the high levels of CD30 expression 

maybe be due to regulatory regions located outside the proximal promoter of the CD30 

gene. Following establishment that the +4460 to +4815 region of the CD30 gene contained 

functional regulatory elements, efforts then focused on determination of possible protein-

DNA interactions within this region.  

 

The aim of this chapter was to identify transcription factors binding within the functional 

intronic region of CD30, therefore electrophoretic mobility shift assays (EMSAs) was 

employed to detect and examine protein-nucleic acid interactions occurring within our 

region of interest. The main principle of this assay is based on the observation that the 

electrophoretic mobility of a protein-DNA complex is retarded to a greater extent compared 
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to the free nucleic acid (Hellman and Fried, 2007). Therefore to further characterise nuclear 

proteins that associated with the +4728 to +4772 region of the CD30 gene, an in silico 

approach was first applied to help narrow down the search for potential DNA binding 

proteins within this region. Utilising two bioinformatics programs Ali Baba 2.0 (Grabe, 

2002) and MatInspector (Quandt et al., 1995) that utilises the TRANSFAC database of 

transcription factors, the +4728 to +4772 region was searched for potential transcription 

factor binding sites. These predicted transcription factor binding sites were then assessed 

for lymphoid specificity as well as possible factors that could be implicated in the 

transcriptional regulation of CD30.  

 

Suitable oligonucleotides were then designed to span these potential transcription factor 

binding sites and were utilised in EMSAs together with nuclear extracts obtained from a 

panel of ALCL and HL cell lines. Furthermore, competition assays as well as antibody 

supershift assays were also employed to assess the sequence specificity of protein-DNA 

interactions as well as to identify nuclear proteins that participate in the formation of these 

protein-DNA complexes within our region of interest.  

 

This chapter outlines procedures that were utilised to examine and determine transcription 

factors that interacted with this intronic region of CD30 gene, firstly through the use of a 

bioformatics approach followed by gel retardation assays. Also detailed in this chapter are 

sequences of oligonucleotides utilised in the assay as well as conditions for the binding 

reaction. The combination of these two approaches was able to determine and identify 

proteins from the Jun family of proteins that interacted with the intronic AP-1 consensus 

binding motif in the panel of cell lines tested.  

 



Chapter 5                                                               Analysis of protein-DNA interactions across the intronic region of CD30 
 

 146 

5.2 Methods 

 

5.2.1 In Silico predictions of potential transcription factor binding sites within 

the +4657 to +4823 region of the CD30 gene 

 

Results obtained for CHART-PCR assay and the functional studies through the use of gene 

reporter assay in the previous chapter have narrowed down the position of potential 

regulatory regions within intron 1 of the CD30 gene to approximately +4657 to +4824 and 

+4660 to +4815 respectively. Therefore to further aid in the identification and 

characterisation of these elements, in silico predications utilising several bioinformatics 

programmes were applied to the 166 bp sequence of interest spanning from +4657 to +4815 

region of the CD30 gene. Prediction of consensus transcription factor binding site analysis 

was carried out with the MatInspetor (http://www.genomatix.de) (Quandt et al., 1995) and 

Ali BaBa programme (http://www.gene-regulation.com) (Grabe, 2002).  

 

5.2.2 Cell lines  

 

5 cell lines were utilised in EMSAs described in this chapter. SU-DHL-1, SR-786 and 

Karpass-299 are all CD30 expressing human ALCL cell lines that carry the t(2;5)(p23;q35) 

NPM-ALK fusion gene, Jurkat is a T cell leukaemia cell line that expresses weak levels of 

CD30 and HD-MY-Z is a CD30 non-expressing cell line derived from human HL.  

 

5.2. Electrophoretic mobility shift assay 

 

5.2.3.1  Preparation of nuclear extracts 
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Cell lines utilised were maintained according to conditions previously mentioned in Section 

2.3.1 to approximately 80% confluence in complete growth medium , then left either 

uninduced , or stimulated in culture for 18 h with 20ng/mL PMA alone (Sigma, Australia), 

PMA and 750 ng/mL ionomycin (Sigma, Australia) or ionomycin alone. Cells were then 

harvested for isolation of nuclear proteins as described in Section 2.14.1. 

 

5.2.3.2  Quantification of nuclear protein 

 

Total protein content of all nuclear extracts was determined using the Bio-Rad Protein 

Assay kit (Bio-Rad Laboratories, Australia). 200 µL of sterile ddH2O was added to each 

well of a transparent 96-well plate (Sarstedt, Australia) prior to the addition of any samples. 

A 3 µL aliquot of freshly-prepared nuclear extract was diluted 1/15 in buffer C/D, and 5 µL 

of each diluted sample was applied in triplicate to the same 96-well plate. Eleven samples 

of bovine serum albumin standards (0 mg/mL to 1 mg/mL) were prepared in buffer C/D 

and 5 µL aliquots of each standard was applied to three wells of the same 96-well plate. All 

samples were thoroughly mixed with 50 µL of Bio-rad Protein Assay dye with a multi-

channel pipette and care was taken to prevent the formation of air bubbles. The protein 

content of each sample was determined by measurement of absorbance at 595 nm (Bio-Rad 

Model 3350 UV microplate reader [Bio-Rad Laboratories Australia]). The mean 

absorbance values for the bovine serum albumin standards were then used to generate a 

standard curve from which the total protein content of each nuclear extract sample was 

calculated. 

 

5.2.3.3  Oligonucleotides 

 

5.2.3.3.1 Biotinylated Oligonucleotides 



Chapter 5                                                               Analysis of protein-DNA interactions across the intronic region of CD30 
 

 148 

Oligonucleotides utilised in EMSAs were purchased from Sigma-Genosys (Sigma, 

Australia) with either the forward or reverse strand biotinylated at the 3’ end. The following 

primers were purchased with only the forward primer biotinylated at the 3’ end. 

 

CD30 (+4728 to +4772) FWD 

5’- TCGTTTCTTGAGCAGATTGTGATTCATTCTAAGGTTTTTATACTC -3’ 

 

CD30 (+4728 to +4772) REV 

5’- GAGTATAAAAACCTTAGAATGAATCACAATCTGCTCAAGAAACGA -3’ 

 

Following resuspension of primers in 1X TE buffer (10mM Tris [pH 8.0], 1 mM EDTA 

[pH 8.0]; pH 8.0), the primers were annealed by adding equal volumes of each primer to a 1 

mL Eppendorff tube and heated to 85 oC for 5 min. The reaction tube was then slowly 

cooled to room temperature (approximately 30 min) to endure complementary 

oligonucleotide annealing. Concentrations of double-stranded oligonucleotides were the 

quantified (Section 2.7.8) and purified according to conditions described in Section 2.14.2 

and 2.14.3. Purified oligonucleotides were stored at -20o C till ready for use. 

 

5.2.3.3.2 Non-Biotinylated Oligonucleotides 

 

The following probe set containing the AP-1 consensus binding site (sequence obtained 

from Santa Cruz Biotechnologies) was utilised as a competitor in the competition assays. 

This was purchased non-biotinylated from Sigma-Genosys (Sigma, Australia). 

 

AP1 Consensus FWD 

5’- CGCTTGATGACTCAGCCGGAA -3’ 
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AP1 Consensus REV 

5’- TTCCGGCTGAGTCATCAAGCG -3’ 

 

Following resuspension of primers in 1X TE buffer (10mM Tris [pH 8.0], 1 mM EDTA 

[pH 8.0]; pH 8.0), the primers were annealed by adding equal volumes of each primer to a 1 

mL Eppendorff tube and heated to 85o C for 5 min. The reaction tube was then slowly 

cooled to room temperature to ensure complementary oligonucleotide annealing. 

Concentrations of double-stranded oligonucleotides were then quantified (section 2.7.8) and 

stored at -20o C until ready for use.  

 

5.2.3.4  Electrophoretic mobility shift assays (EMSAs) 

 

Competition EMSAs 

Nuclear extracts utilised in EMSAs were prepared accordingly (section 2.14.1 and Section 

5.2.3.1). For competition EMSAs, 6 µg of nuclear extracted was preincubated for 10 min on 

ice with the binding buffer (Section 2.14.4). 100-fold molar excess of cold competitor (5 

pmol) was then added to the mixture and incubated for a further 10 min on ice. This was 

followed by the addition of the double stranded biotinylated oligonucleotide (50 fmol) and 

the reaction was incubated for a further 30 min on ice.   

 

Antibody supershift EMSAs 

Nuclear extracts utilised in EMSAs were prepared accordingly (section 2.14.1 and Section 

5.2.3.1). For anti-body supershift assays, 6 µg of nuclear extract was preincubated for 10 

min on ice with the binding buffer (Section 2.14.4). 2 µL of antibody (200 µg/0.1mL) was 

added to the mixture and incubated for a further 30 min on ice, followed by the addition of 
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the double stranded biotinylated oligonucleotide (50 fmol) and a final incubation step of 30 

min on ice.  

 

Nuclear protein-DNA complexes were then resolved by non-denaturing polyacrylamide gel 

electrophoresis [PAGE] (Section 2.14.2) and visualised (Section 2.14.5). 

 

5.2.3.5  Antibodies 

 

Antibody supershift EMSA for the identification of transcription factors binding to the 

+4728 to +4772 intronic region of the CD30 gene utilised the following antibodies which 

were purchased from Santa Cruz Biotechnologies, USA. 

 

Name Type Catalogue Number Concentration 
 

Jun B 
Rabbit polyclonal 
affinity purified 

antibody 

 
Sc-46X 

 
200 µg/0.1mL 

 
c-Jun 

Rabbit polyclonal 
affinity purified 

antibody 

 
Sc-45X 

 
200 µg/0.1mL 

 
Jun D 

Rabbit polyclonal 
affinity purified 

antibody 

 
Sc-74X 

 
200 µg/0.1mL 

 
ATF-2 

Rabbit polyclonal 
affinity purified 

antibody 

 
Sc-187X 

 
200 µg/0.1mL 

Table 5.1 Antibodies utilised in supershift assays 

All antibodies were stored at 4 oC. 
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5.3 Results 

 

5.3.1 In Silico analysis of potential transcription factor binding sites within the 

+4657 to +4823 region of the CD30 gene 

 

To gain a better understanding of transcription factor protein-DNA interactions occurring 

within the localised region of intron 1 of the CD30 gene, the 166 bp sequence (Ensembl 

Gene ID: ENSG00000120949) was analysed for potential transcription factor binding sites 

utilising two bioinformatics programmes. Both Ali Baba 2.0 (Grabe, 2002) and 

MatInspector (Quandt et al., 1995) programmes utilises the TRANSFAC® database of 

transcription factors to predict consensus binding sites. Positions of predicted sites within 

the 166 bp sequence are summarised in Figure 5.1.  

 

Results identified putative consensus motifs for PLZF (promyelocytic leukaemia zinc finger 

protein), C/EBP (CCAAT/enhancer binding protein), ETS, KKLF (Kidney-enriched 

kruppel-like factor), MAZ (MYC-associated zinc finger protein), CPE (core promoter 

element), GATA-1, HOXA9 (homeobox A9), AP-1 (activator protein 1), TBP (TATA 

binding protein) and CREB (cAMP responsive element binding protein). However none of 

these predicted sites indicated the presence of lymphoid specific factors that interacted with 

this region of the CD30 gene. Previous findings have identified an AP-1 (activating protein-

1) transcription factor element located within the proximal promoter of the CD30 gene 

which has been shown to influence the transcriptional activity of CD30, therefore the AP-1 

site located within intron 1 may also be implicated in the regulation of CD30. The AP-1 

transcription factor is made up of heterodimers or homodimers of proteins complexes from 

the Jun, Fos or ATF (activating transcription factor) family of proteins (Karin et al., 1997). 

In addition, it has also been previously reported that the expression of c-Jun and JunB are 
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+4657  CAGTGAGTGC CGGAAGGAGG GGCGTTTACT GTAAGTTTCT GCTTCTGCTC  
 
 
 
 
 
 
 
 
+4707  CCACTCATAT CTGACTTAGA CTCGTTTCTT GAGCAGATTG TGATTCATTC  
 
 
 
 
 
 
 
 
+4757  TAAGGTTTTT ATACTCCCTC ATCACCCTTC TTCACATCAG GACAATCATC  
 
 
 
 
 
 
 
 
+4807  AGAAGGAAAA TGGGGCT 
 
 
 
 
Figure 5.1 Predicted transcription factor binding sites located within the +4657 to 
+4823 region of the CD30 gene. Nucleotide sequence is number in relation to the 
published major transcriptional start site. Potential transcription factor recognition 
sequences are underlined with its corresponding name below the bold solid line. Matrix 
similarity scores are indicated in brackets next to each identified transcription factor.   
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hallmarks of HL and ALCLs (Mathas et al., 2002), further supporting the possibility that 

this AP-1 site located within intron 1 of the CD30 gene may play a role in the 

transcriptional upregulation of this gene. Therefore electrophoretic mobility shift assays 

were then utilised to confirm the interaction of the AP-1 transcription factor within this 

intronic sequence.   

 

5.3.2 Analysis of nuclear protein-DNA interactions between the +4728 to 

+4772 region of the human CD30 gene in T cell leukaemia cell line, 

Jurkat 

 

To define DNA-protein interactions within the region surrounding the predicted AP-1 

transcription factor site, oligonucleotides were designed to represent the region and used in 

electrophorectic mobility shift assays (EMSA). Protein-DNA interactions were first 

analysed in Jurkat T cell line. As Jurkat cells express very low levels of CD30 expression 

(Franchina et al., 2008) this was a suitable model to investigate if the AP-1 site binds 

inducible nuclear proteins that are involved in the regulation of CD30. Biotinylated 

oligonucleotides were incubated with nuclear extracts obtained from Jurkat T cells that 

were subjected to four different conditions (Figure 5.2 - lane 2, 4, 6 and 8); uninduced, 

PMA (12-O-Tetradecanoylphorbol-13-acetate) induced, PMA and ionomycin induced and 

ionomycin induced. PMA is a potent tumour promoter and the activity of PMA and 

ionomycin is able to mimic T cell activation, in addition PMA is also able to induce the 

expression of AP-1 (Angel et al., 1988; Lee et al., 1987; Thomas et al., 1997). To ascertain 

the specificity of the DNA-binding activity of Jurkat nuclear factors within the examined 

region of interest, competition EMSAs were also carried out (Figure 5.2 - lane 3, 5, 7 and 

8).   
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Figure 5.2 Competitive electrophoretic mobility shift assay (EMSA) analysis 
demonstrating specific DNA-binding activity of Jurkat nuclear factors within the 
+4728 to +4772 region of the human CD30 gene. Major complexes are indicated (A and 
B). Double stranded biotinylated oligonucleotides (50 fmol) were incubated with equal 
quantities of nuclear protein (6 µg) derived from uninduced (lanes 2 and 3), PMA- (20 
ng/mL; lanes 4 and 5), PMA and Ionomycin (750 ng/mL; lanes 6 and 7) and Ionomycin 
(lanes 8 and 9) stimulated Jurkat cells. Competition assays were carried out with 100-fold 
molar excess of double-stranded consensus oligonucleotide specific for AP-1 (Lanes 3, 5, 7 
and 9). Protein-DNA complexes were resolved on a 6 % non-denaturing polyacrylamide 
(TBE) gel for 1 h at 100 V. 
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Interaction of the designed oligonucleotide and nuclear extract obtained from uninduced 

Jurkat cells revealed the presence of two DNA binding complexes, A and B (Figure 5.2 – 

lane 2). The addition of an unlabelled competitor containing the consensus AP-1 binding 

motif (Figure 5.2 – lane 3) resulted in complex A being competed away, indicating that this 

complex contained nuclear proteins that recognised the AP-1 motif. Incubating Jurkat cells 

with PMA alone (Figure 5.2 – lane 4 and 5) and PMA and ionomycin (Figure 5.2 – lane 6 

and 7) resulted in an increased in the binding activity of complex A, further supporting the 

possibility that this complex contained AP-1 binding proteins. This observation was 

confirmed by the addition of an AP-1 competitor as complex A was able to be competed 

away by the addition of the unlabelled AP-1 competitor. Incubation of Jurkat cells with 

ionomycin alone only appeared to induce complex A very slightly compared to the 

uninduced sample and the addition of an AP-1 competitor was once again able to compete 

away complex A in these ionomycin treated Jurkat cells.  

 

Therefore to determine which AP-1 proteins were present in the protein DNA-complex, 

antibodies were employed in mobility shift assays (Kristie and Roizman, 1986). Four 

antibodies were selected for investigation; JunB, c-Jun, JunD and ATF-2. As uninduced 

Jurkat cells previously demonstrated weak expression of AP-1 proteins, antibody shift 

assays were carried out with nuclear extracts obtained from PMA treated Jurkat cells.  

Prepared nuclear extracts were incubated with four specific antibodies (Figure 5.3, Lanes 3 

- 6). The addition of each antibody in their respective sample results did not result in a shift 

in the mobility of the protein complex A however differences in binding activity of 

complex A was observed across the tested samples.  
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Figure 5.3 Antibody supershift EMSA of complex A binding activity in Jurkat. Double 
stranded biotinylated oligonucleotide (50 fmol), representing the +4728 to +4772 region of 
the CD30 gene was incubated under the described binding conditions (Section 2.14.4) in 
the presence of either anti-human Jun-B (Lane 3), c-Jun (Lane 4), Jun-D (Lane 5) or ATF-2 
(Lane 6) polyclonal IgG antibody (4µg; Santa Cruz Biotechnologies), together with equal 
quantities of nuclear protein (6 µg) derived from PMA (Lanes 2 - 6) induced Jurkat cells. 
Supershift complexes were resolved on a 6 % non-denaturing polyacrylamide (TBE) gel for 
1 h at 100 V. 
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The addition of the antibody appeared to exhibit some non-specific activity on the binding 

activity of complex A and B in the four antibody treated samples due to a decrease in the 

binding activity of these protein complexes. However the addition of antibody c-Jun, that 

was raised against a peptide mapping to the N-terminus of c-Jun of mouse origin, (Figure 

5.3, Lane 4) appears to block the binding activity of complex A to the labelled 

oligonucleotide possibly due to the antibody recognising c-Jun proteins within complex A. 

As a shift in the mobility of complex A was not detected, this could arise as a result of the 

c-Jun antibody recognising c-Jun proteins within the protein complex and interacting with 

the DNA binding domain of the complex thus preventing the formation of complex A. This 

result suggests that the AP-1 protein complex that interacts with this intronic transcription 

factor binding AP-1 site in Jurkat cells contains at least c-Jun proteins.  

 

5.3.3 Analysis of nuclear protein-DNA interactions between the +4728 to 

+4772 region of the human CD30 gene in CD30+ ALCL cell line SR-786 

 

Efforts then focused on examination of protein-DNA interactions within the region 

surrounding the predicted AP-1 site in ALCL cell line SR-786. Nuclear extracts were 

obtained from cells incubated with the four previously mentioned conditions. A single 

complex (complex A) was formed between the labelled oligonucleotide and nuclear 

proteins in samples obtained from uninduced SR-786 cells (Figure 5.4 – Lane 2). The 

incubation of cells with PMA (Figure 5.4 – lane 6) or PMA and ionomycin (Figure 5.4 – 

lane 6) did not appear to affect the expression of complex A, however incubation of SR-786 

cells with ionomycin alone (Figure 5.4 – lane 8) resulted in a decrease in binding activity of 

the complex. The addition of an unlabelled competitor containing an AP-1 consensus motif 

was able to compete away this complex in all samples (Figure 5.4 – lane 3, 5, 7, 9), 
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Figure 5.4 Competitive electrophoretic mobility shift assay (EMSA) analysis 
demonstrating specific DNA-binding activity of SR-786 nuclear factors within the 
+4728 to +4772 region of the human CD30 gene. Major complex is indicated (A). Double 
stranded biotinylated oligonucleotides (50 fmol) were incubated with equal quantities of 
nuclear protein (6 µg) derived from uninduced (lanes 2 and 3), PMA- (20 ng/mL; lanes 4 
and 5), PMA and Ionomycin (750 ng/mL; lanes 6 and 7) and Ionomycin (lanes 8 and 9) 
stimulated SR-786 cells. Competition assays were carried out with 100-fold molar excess of 
double-stranded consensus oligonucleotide specific for AP-1 (Lanes 3, 5, 7 and 9). Protein-
DNA complexes were resolved on a 6 % non-denaturing polyacrylamide (TBE) gel for 1 h 
at 100 V. 
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Figure 5.5 Antibody supershift EMSA of complex A binding activity in SR-786. 
Double stranded biotinylated oligonucleotide (50 fmol), representing the +4728 to +4772 
region of the CD30 gene was incubated under the described binding conditions (Section 
2.14.4) in the presence of either anti-human Jun-B (Lane 3), c-Jun (Lane 4), Jun-D (Lane 5) 
or ATF-2 (Lane 6) polyclonal rabbit IgG antibody (4µg; Santa Cruz Biotechnologies), 
together with equal quantities of nuclear protein (6 µg) derived from SR-786 cell line. 
Supershift complexes were resolved on a 6 % non-denaturing polyacrylamide (TBE) gel for 
1 h at 100 V. 
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implying that proteins that recognised the AP-1 consensus sequence interacted with this 

region of the CD30 gene.  

 

Antibody supershift assays were then employed to further characterise the nature of this 

complex. As the effect of PMA did not appear to further induce the expression of the 

complex, the same set of antibodies were then applied to nuclear extracts from uninduced 

SR-786 cells. The addition of antibodies exhibited some non-specific interactions with the 

AP-1 complex in SR-786 cells as a slight decrease in binding activity is observed in sample 

incubated with the c-Jun, JunD and ATF-2 antibody (Figure 5.5, Lane 4, 5 and 6). However 

the addition of the JunB antibody completely inhibits the formation of the AP-1 complex 

(Figure 5.5, Lane 3). As no shift is observed in the AP-1 complex, this indicates that the 

antibody recognised JunB proteins in the AP-1 complex and hence prevents the formation 

of the AP-1 complex. This result suggests that the AP-1 complex interacting with this 

intronic region of the CD30 gene contains JunB proteins in SR-786 cells.  

 

5.3.4 Analysis of nuclear protein-DNA interactions between the +4728 to 

+4772 region of the human CD30 gene in CD30+ ALCL cell line SU-

DHL-1  

 

The binding profile of protein-DNA complexes surrounding the predicted AP-1 

transcription factor binding site was also examined in a second ALCL cell line, SU-DHL-1. 

Cells were subjected to the same four different conditions as previously mentioned and 

applied to EMSAs. Incubation of nuclear extract from unstimulated SU-DHL-1 cells 

revealed the presence of several protein-DNA complexes however only complex C (Figure 

5.6 – lane 2) was found to be reproducible between experiments while the other bands were  

non-specific or degradation products. Stimulation of cells with PMA alone, PMA and 
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Figure 5.6 Competitive electrophoretic mobility shift assay (EMSA) analysis 
demonstrating specific DNA-binding activity of SU-DHL-1 nuclear factors within the 
+4728 to +4772 region of the human CD30 gene. Major complexes are indicated (A, B, C 
and D). Double stranded biotinylated oligonucleotides (50 fmol) were incubated with equal 
quantities of nuclear protein (6 µg) derived from uninduced (lanes 2 and 3), PMA- (20 
ng/mL; lanes 4 and 5), PMA and Ionomycin (lanes 6 and 7) and Ionomycin (750 ng/mL; 
lanes 8 and 9) stimulated SU-DHL-1 cells. Competition assays were carried out with 100-
fold molar excess of double-stranded consensus oligonucleotide specific for AP-1 (Lanes 3, 
5, 7 and 9). All other bands are non-specific or degradation products and were not 
reproducible between experiments. Protein-DNA complexes were resolved on a 6 % non-
denaturing polyacrylamide (TBE) gel for 1 h at 100 V. 
 



Chapter 5                                                               Analysis of protein-DNA interactions across the intronic region of CD30 
 

 162 

 

 

 

 
 
 

 
 
Figure 5.7 Antibody supershift EMSA of complex C binding activity in SU-DHL-1. 
Double stranded biotinylated oligonucleotide (50 fmol), representing the +4728 to +4772 
region of the CD30 gene was incubated under the described binding conditions (Section 
2.14.4) in the presence of either anti-human Jun-B (Lane 3), c-Jun (Lane 4), Jun-D (Lane 5) 
or ATF-2 (Lane 6) polyclonal rabbit IgG antibody (4µg; Santa Cruz Biotechnologies), 
together with equal quantities of nuclear protein (6 µg) derived from SU-DHL-1 cell line. 
Supershift complexes were resolved on a 6 % non-denaturing polyacrylamide (TBE) gel for 
1 h at 100 V. 
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ionomycin and ionomycin alone did not appear to affect the binding activity of complex C 

(Figure 5.6 – lane 4, 6 and 8). The addition of an AP-1 competitor removed complex C 

which was observed in all samples tested (Figure 5.6 – lane 3, 5, 7 and 9), indicating that 

this complex contained AP-1 associated proteins. Band observed in lanes 3, 7 and 9 (Figure 

5.6) following competition of the AP-1 complex were degradation products as they were 

not reproducible in later experiments.  

 

As stimulation of SU-DH-1 cells did not appear to affect the binding activity of complex C, 

antibody supershift EMSAs were carried with nuclear extracts obtained from unstimulated 

cells and also tested with the same panel of antibodies to determine which AP-1 proteins 

interacted with our region of interest. The incubation of nuclear extracts with the specified 

antibody prior to the addition of the labelled oligonucleotide seemed to non-specifically 

interfere with the mobility of complex C in the non-denaturing gel in Lane 4, 5 and 6 

(Figure 5.7). Addition of a JunB antibody once again inhibited the formation of the AP-1 

complex (C) possibly due to the recognition of JunB proteins within the complex by the 

antibody. This result suggests that the AP-1 complex that interacts with the intronic region 

of the CD30 gene in ALCL cell line, SU-DHL-1 contains JunB proteins.  

 

5.3.5 Analysis of nuclear protein-DNA interactions between the +4728 to 

+4772 region of the human CD30 gene in CD30+ ALCL cell line Karpas-

299 

 

A third ALCL cell line, Karpas-299 was also included in our analysis of DNA-protein 

interactions across the predicted AP-1 and cells were once again subjected to four different 

conditions (uninduced, PMA, PMA and ionomycin and ionomycin). Uninduced Karpas-299 

cells did not indicate any protein-DNA interactions across the examined region (Figure 5.8 
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– lane 2), possibly due to the weak expression of AP-1 proteins in these cells. 

Quantification of CD30 expression levels by real time PCR demonstrated low levels of 

expression in this cell line (Franchina et al., 2008) suggesting a correlation between the 

weak expression of AP-1 proteins and the low levels of CD30 expression observed in this 

cell line. Incubation of Karpas-299 cells with PMA alone or PMA and ionomycin resulted 

in the formation of a single complex (A) that was successfully competed away by an AP-1 

competitor (Figure 5.8 – lanes 4 - 7). Incubation of Karpas-299 cells with ionomycin alone 

weakly induced the expression of complex A (Figure 5.8 – lane 8) compared to uninduced 

sample and this weak induced complex was also able to be competed away with the AP-1 

competitor.  

 

As low levels of the AP-1 complex was observed in uninduced Karpas-299 cells, antibody 

supershifts were then carried out with nuclear extracts isolated from PMA treated cells and 

assessed with the same panel of antibodies. The addition of antibodies to the incubated 

binding reactions appear to also exhibit some non-specific activity on the mobility of 

complex A in lane 4 and 5 (Figure 5.9). Due to the possible degradation of nuclear proteins 

for the ATF-2 antibody sample (Figure 5.9, lane 6), we were unable to determine if ATF-2 

proteins were involved in the formation of complex A in Karpas-299 cells. The addition of 

the JunB antibody was once again able to inhibit the formation of complex A in PMA 

treated Karpas-299 cells indicating the presence of JunB proteins within this AP-1 complex 

in ALCL cell line Karpas-299. 
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Figure 5.8 Competitive electrophoretic mobility shift assay (EMSA) analysis 
demonstrating specific DNA-binding activity of Karpas-299 nuclear factors within the 
+4728 to +4772 region of the human CD30 gene. Major complex is indicated (A). Double 
stranded biotinylated oligonucleotides (50 fmol) were incubated with equal quantities of 
nuclear protein (6 µg) derived from uninduced (lanes 2 and 3), PMA- (20 ng/mL; lanes 4 
and 5), PMA and Ionomycin (750 ng/mL; lanes 6 and 7) and Ionomycin (lanes 8 and 9) 
stimulated Karpas-299 cells. Competition assays were carried out with 100-fold molar 
excess of double-stranded consensus oligonucleotide specific for AP-1 (Lanes 3, 5, 7 and 
9). Protein-DNA complexes were resolved on a 6 % non-denaturing polyacrylamide (TBE) 
gel for 1 h at 100 V. 
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Figure 5.9 Antibody supershift EMSA of complex A binding activity in Karpas-299. 
Double stranded biotinylated oligonucleotide (50 fmol), representing the +4728 to +4772 
region of the CD30 gene was incubated under the described binding conditions (Section 
2.14.4) in the presence of either anti-human Jun-B (Lane 3), c-Jun (Lane 4), Jun-D (Lane 5) 
or ATF-2 (Lane 6) polyclonal IgG antibody (4µg; Santa Cruz Biotechnologies), together 
with equal quantities of nuclear protein (6 µg) derived from PMA (Lanes 2 - 6) induced 
Karpas-299 cells. Supershift complexes were resolved on a 6 % non-denaturing 
polyacrylamide (TBE) gel for 1 h at 100 V. 
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5.3.6 Analysis of nuclear protein-DNA interactions between the +4728 to 

+4772 region of the human CD30 gene in CD30- HL cell lines HD-MY-Z 

 

To determine if protein-DNA interactions differed within this intronic region in a CD30 

non-expressing cell line, protein-DNA interaction across our region of interest was 

examined in cell line HD-MY-Z. Three transcription factor complexes (A, B and C) were 

identified in nuclear extract obtained from unstimulated HD-MY-Z cells (Figure 5.10 – lane 

2). Once again incubation of cells with PMA alone or PMA and ionomycin appeared to 

increase the binding affinity of complex B in a stimulus-specific manner compared to 

unstimulated samples (Figure 5.10 – lane 4 and 5) and ionomycin alone resulted in a 

decrease in the binding activity of complex B (Figure 5.10 – lane 8). The incubation of 

nuclear extracts with an AP-1 competitor prior to the addition of the labelled 

oligonucleotide was once again able to compete away complex B (Figure 5.10 – lanes 3, 5, 

7 and 9).  

 

Antibody supershift assays were performed on uninduced nuclear extract derived from 

unstimulated HD-MY-Z cells and used the same previously mentioned antibodies. The 

addition of the JunD antibody appeared to exhibit some non-specific activity against the 

protein-DNA complexes (Figure 5.11, lane 5) as it was able to reduce the binding activity 

of complex C which was previously demonstrated by competition EMSAs to not be an AP-

1 specific complex. Interestingly, the addition of antibody c-Jun completely inhibited the 

formation for complex B (Figure 5.11, lane 4), implying that the AP-1 protein complex in 

CD30- cell line HD-MY-Z contains c-Jun proteins. This finding indicates different roles for 

AP-1 proteins JunB and c-Jun proteins that interact with the intronic AP-1 transcription 

factor binding site resulting in transcriptional deregulation of the CD30 gene. In cells that 
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Figure 5.10 Competitive electrophoretic mobility shift assay (EMSA) analysis 
demonstrating specific DNA-binding activity of HD-MY-Z nuclear factors within the 
+4728 to +4772 region of the human CD30 gene. Major complexes are indicated (A, B 
and C). Double stranded biotinylated oligonucleotides (50 fmol) were incubated with equal 
quantities of nuclear protein (6 µg) derived from uninduced (lanes 2 and 3), PMA- (20 
ng/mL; lanes 4 and 5), PMA and Ionomycin (750 ng/mL; lanes 6 and 7) and Ionomycin 
(lanes 8 and 9) stimulated HD-MY-Z cells. Competition assays were carried out with 100-
fold molar excess of double-stranded consensus oligonucleotide specific for AP-1 (Lanes 3, 
5, 7 and 9). Protein-DNA complexes were resolved on a 6 % non-denaturing 
polyacrylamide (TBE) gel for 1 h at 100 V. 
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Figure 5.11 Antibody supershift EMSA of complex B binding activity in HD-MY-Z. 
Double stranded biotinylated oligonucleotide (50 fmol), representing the +4728 to +4772 
region of the CD30 gene was incubated under the described binding conditions (Section 
2.14.4) in the presence of either anti-human Jun-B (Lane 3), c-Jun (Lane 4), Jun-D (Lane 5) 
or ATF-2 (Lane 6) polyclonal rabbit IgG antibody (4µg; Santa Cruz Biotechnologies), 
together with equal quantities of nuclear protein (6 µg) derived from HD-MY-Z cell line. 
Supershift complexes were resolved on a 6 % non-denaturing polyacrylamide (TBE) gel for 
1 h at 100 V. 
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express very low or no CD30, c-Jun proteins act as a transcriptional repressor while in cell 

lines that express CD30, JunB proteins appear to act as a transcriptional enhancer. Factors 

that contribute to the cell specific expression of CD30 have yet to be identified. The results 

presented here suggest that this specificity may arise not due to interactions of cell specific 

transcription factors to regulatory regions of the CD30 gene but possibly due to different 

AP-1 proteins such as JunB/c-Jun that interact with the intronic AP-1 motif, in turn 

influencing the transcriptional regulation of CD30.  
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5.4 Discussion 

 

Identification of additional transcriptionally active regions of the CD30 gene via 

phylogenetic footprinting and the DNase 1 hypersensitivity assay have localised potential 

transcriptional regulatory elements situated within intron 1 of the CD30 gene. This finding 

further supports the hypothesis that the cell specific expression of the CD30 is 

transcriptionally regulated by yet to be characterised elements as previously identified 

transcription factors that interact with the proximal promoter do not provide any 

explanation for the cell specific expression of CD30. Reporter gene assays have localised 

and confirmed the functional significance of the +4660 to +4815 region of the CD30 gene 

to contain elements responsible for the transcriptional upregulation of CD30. Therefore the 

next step of this study was to examine and characterise regulatory proteins that interacted 

with this region of interest through the use of electrophoretic mobility shift assays.  

 

An in silico approach was initially applied to predict potential transcription factor binding 

sites located within this 166 bp region and predicted factor binding sites were assessed for 

lymphoid specificity. Results did not indicate the presence of lymphoid specific factors 

within this region however an AP-1 consensus site was detected within this region. Work 

carried out by Watanabe et al (2003) (Watanabe et al., 2003) identified an AP-1 consensus 

site located within the CD30 promoter that was shown to alleviate the repressive nature of 

the CD30 microsatellite through the interaction of JunB to this AP-1 site. Therefore this 

data suggested the possibility that an intronic AP-1 site may be implicated in the 

transcriptional regulation of CD30.  
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A 45 bp biotinylated oligonucleotide spanning the AP-1 site was utilised in EMSAs to 

determine the binding of proteins to this region. EMSAs were carried out with a panel of 5 

cell lines; T cell leukaemia (Jurkat), ALCL (SR-786, SU-DHL-1 and Karpas-299) and HL 

(HD-MY-Z) cell lines that expressed various levels of CD30. EMSAs were initially 

performed on T cell leukaemia cell line Jurkat and due to the low levels of CD30 

expression observed in this cell line, provided an ideal model to examine potential 

interactions of AP-1 proteins with the predicted intronic AP-1 site. In addition, this also 

enabled us to determine if a correlation exists between expression levels of AP-1 proteins 

and CD30 expression levels. The expression of AP-1 proteins has been previously shown to 

be inducible by phorbol ester PMA (Angel et al., 1988; Lee et al., 1987; Thomas et al., 

1997). Therefore nuclear extracts obtained from Jurkat cell subjected to four conditions 

(uninduced, PMA induced, PMA and ionomycin induced and ionomycin induced) were 

then applied in EMSAs. Two complexes (A and B) were found to bind to this region of the 

CD30 gene and incubation of cells with PMA alone or PMA and ionomycin appeared to 

increase the binding activity of complex A. The addition of an unlabelled AP-1 competitor 

successfully competed away complex A while the binding activity of complex B remain 

unchanged, indicating that complex A contain proteins that interacted with the intronic AP-

1 consensus sequence. Conditions for competition EMSAs were then replicated for the 

remaining 5 cell lines (SR-786, SU-DHL-1, Karpas-299 and HD-MY-Z) to be tested and 

each cell line revealed several major DNA-protein complexes that interacted with this 

intronic region of CD30. The incubation of samples with an AP-1 competitor for each cell 

line was able to successfully compete away a single complex for each cell line, thus 

indicating that AP-1 recognising proteins also interacted with this intronic AP-1 motif in 

these ALCL and HL cell lines.  
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The AP-1 family of transcription factors consists of dimeric transcription factors that exist 

either as homodimers or hetrodimers of Jun (JunB, c-Jun, JunD), Fos (C-Fos, FosB, Fra-1, 

Fra-2) or ATF (ATF2, ATF3, JDP1, JDP2) proteins (Shaulian and Karin, 2002). Therefore 

to determine which AP-1 proteins were present in the protein DNA-complexes that 

interacted with this intronic region of the CD30 gene observed in ALCL and HL cell lines, 

antibodies were employed and applied to mobility shift assays (Kristie and Roizman, 1986). 

Four antibodies were selected for investigation; JunB, c-Jun, JunD and ATF-2. Previous 

findings by several studies have identified the overexpression of JunB as a common feature 

of H-RS and ALCL cells (Mathas et al., 2002; Stein et al., 2000; Watanabe et al., 2003). In 

addition, Watanabe et al (2003) (Watanabe et al., 2003) have also demonstrated that the 

binding of JunB to the AP-1 motif located within the proximal promoter of CD30 is able to 

influence transcriptional regulation of CD30, therefore the Jun family of proteins were of 

great interest. ATF-2 was also selected in our panel of antibodies to be investigated due to 

its implication in several types of neoplasia (Vlahopoulos et al., 2008).  

 

While competition EMSAs revealed that proteins recognising the AP-1 consensus motif 

interacted with the predicted intronic AP-1 site, antibody supershift assays identified the 

presence of different Jun proteins present in the AP-1 complex that associated with the 

intronic region of CD30. Antibody supershift assays with PMA induced Jurkat cells 

indicated that c-Jun proteins were present in the identified AP-1 complex. Similarly in 

CD30 non-expressing cell line HD-MY-Z, c-Jun proteins were also detected in the AP-1 

complex. Jurkat cells express very low levels of CD30 while HD-MY-Z does not express 

CD30, therefore these findings imply that the binding of c-Jun to this intronic AP-1 site 

may act as a repressor for the transcriptional activity of CD30 which result in the low or 

absent levels of CD30 expression observed in these cell lines. This observation is supported 
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by other studies that have demonstrated c-Jun as a transcriptional repressor. In fibroblasts 

cells, c-Jun negatively regulates the transcription of the tumour suppressor gene p53 by 

binding directly to an AP-1 site located in its promoter (Schreiber et al., 1999). c-Jun as 

also been shown to repress the transcriptional activity of the human chorionic gonadotropin 

α and β genes via association with a canonical cAMP response element (CRE) site in the 

promoters of these genes (Pestell et al., 1994).  

 

Antibody supershift assays of ALCL cells SR-786, SU-DHL-1 and PMA induced Karpas-

299 cells on the other hand revealed the presence of JunB in the identified AP-1 complexes 

that interacted with the CD30 intronic region in these ALCL cell lines. As these ALCL cell 

line express moderate to high levels of CD30, these findings propose a role for JunB as a 

transcriptional activator for CD30 in these cells. The association of JunB proteins to this 

intronic AP-1 site also suggests a possible ALCL specific regulatory mechanism that 

contributes to CD30 expression levels observed in these cell lines. Other studies have also 

reported JunB as a transcriptional activator. For instance, Li et al (1999) (Li et al., 1999) 

have reported that JunB is a strong transcriptional activator of IL-4 by associating with c-

Maf proteins to activate the IL-4 promoter. In addition, Watanabe et al (2003 and 2005) 

(Watanabe et al., 2003; Watanabe et al., 2005) have demonstrated that the association of 

JunB proteins to an AP-1 site in the CD30 promoter in H-RS and ALCL cell lines is able to 

counteract the repressive nature of the CD30 microsatellite resulting in the increase in 

transcriptional activity of CD30.  

 

AP-1 proteins exist as either homo- or heterodimers that bind to regulatory regions of a 

gene. The results obtained from antibody supershifts assays particularly for ALCL cell line 

SU-DHL-1 (Figure 5.7) suggests that JunB binds to this intronic AP-1 motif of the CD30 
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gene as a homodimer in this cell line. The addition of the other antibodies (c-Jun. JunD and 

ATF-2) appear to slightly affect the mobility of the protein-DNA complex in the gel but 

these antibodies do not appear to alter the binding affinity of the protein complex to the 

labelled oligonucleotide. However we cannot completely rule of the possibility that the 

JunB proteins may also interact with other members of the AP-1 protein family such as Fos 

(FosB, c-Fos, Fra-1 and Fra-2) proteins and other ATF (ATF 1 and 3 and JDP1 and JDP2) 

proteins. Therefore future work would involve testing a larger panel of antibodies which 

include the ones mentioned above by antibody supershift assays.  

 

While some studies have identified AP-1 as a positive regulator, other studies have reported 

it as a negative regulator of gene transcription. These contradictory findings have been 

shown to vary with the cell type and context of other regulatory signals received by the cell 

(Angel and Karin, 1991; Leppa and Bohmann, 1999). Our findings have suggested 

opposing role for c-Jun and JunB proteins implicated in the transcriptional regulation of 

CD30, JunB activates while c-Jun represses CD30 expression level in our panel of cell lines 

tested.  

 

Previous studies by Becker et al (Becker et al., 1995) observed that the binding of 

transcriptional activator protein c-Jun together with proteins of the transcriptional 

preinitiation complex (PIC) was able to induce looping of the DNA structure in eukaryotic 

class II nuclear gene promoters. This finding suggested a direct interaction between DNA 

bound Jun proteins and PIC proteins bound to the core promoter. Another study conducted 

by Franklin et al (Franklin et al., 1995) revealed that the Jun protein family is able to 

associate with TBP and TFIIB proteins of the preinitiation complex in vitro. Therefore 

these experiments suggest that the binding of Jun homodimer or heterodimers proteins to 
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the intronic region of the CD30 gene together with the binding of preinitation complexes at 

the CD30 promoter is able to induce bending of the DNA structure, enabling these Jun 

proteins to interact with TBP and TFIID proteins of the preinitiation complex, resulting in 

changes in the transcriptional activity of the CD30 gene. Interaction of JunB proteins with 

the preinitiation complex may increase the recruitment of basal transcription complex to the 

core promoter and/or stabilise the formed complex resulting in an increase in CD30 

expression. In contrast, the interaction of c-Jun proteins with the preinitiation complex may 

have an opposite affect that results in the repression of CD30 gene expression.  

 

Previous work have in our laboratory and studies carried by Watanabe et al (Watanabe et 

al., 2007) have demonstrated that chromatin structure play in important role in the 

transcriptional regulation of CD30. However EMSAs do not take into account the effect of 

chromatin structure on DNA-protein interactions occurring in vitro as physiological 

condition may differ in vivo. Therefore future work would employ a chromatin-

immunoprecipitation based methodology such as ChIP to further examine and possibly 

confirm DNA-protein interactions occurring within the intronic region of CD30 in vivo that 

will further aid our understanding of the various mechanisms that regulate the cell specific 

expression of CD30 in ALCL and HL.  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Chapter 6 

 

Gene expression profiling of CD30- and CD30+ ALCL 

and HL cell lines via microarray analysis  
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6.1 Introduction 

 

The overexpression of cytokine receptor CD30 is associated with several 

lymphoproliferative diseases such as anaplastic large ALCL and HL. Activation of CD30 

by its ligand is able to trigger several cellular responses ranging from apoptosis to cell 

proliferation. It is believed that the response is dependent on CD30 expression levels 

therefore indicating the importance of elucidating mechanisms that transcriptionally 

regulate the expression of CD30.  

 

Gene expression profiling through the use of cDNA microarrays is a powerful technology 

that enables the simultaneous analysis of mRNA levels of multiple genes at once. In recent 

years, microarrays have proven to be a powerful tool in identifying novel gene expression 

patterns for genes associated with the onset of diseases. Therefore a microarray approach 

was applied to our study to examine differential gene expression patterns observed in 

populations of ALCL and HL cells. Initial work involved examination of global gene 

expression levels to gain an insight into molecular changes as well as differences in 

transcript levels that accompanies the onset of diseases such as ALCL and HL that may 

correlate with the expression of CD30 expression levels. Efforts then focused on exploring 

genes that are associated with transcription with particular interest in genes involved in 

transcription factor activity, thus aiding us in discovering genes that may be implicated in 

the transcriptional regulation of CD30.  

 

Electrophoretic mobility shift assays (EMSAs) carried out in the previous chapter have 

identified members of the AP-1 transcription factor binding family that interact with a 

downstream enhancer element of the CD30 gene located within intron 1. Therefore our 
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microarray analysis has also further examined the expression profiles of the AP-1 family of 

proteins to determine if any members were specifically associated with ALCL and HL cells 

which may better our understanding of how these AP-1 proteins contribute to the observed 

ovexpression of CD30 in these cells. 

 

The study presented in this chapter utilised a microarray approach to compare gene 

expression patterns between neoplastic populations of ALCL and HL cells that express 

various levels of CD30 against CD30 non-expressing cells. This study aimed to identify 

changes in transcript levels of novel genes which correlate with CD30 expression levels 

that may be implicated in the transcriptional regulation of CD30. The identification of these 

genes may provide an explanation for the high levels of expression of this cytokine receptor 

in these lymphoproliferative diseases. Identification of these genes will provide us with 

further insight into the mechanisms that partake in the regulation of CD30, thus potentially 

providing new therapeutic avenues for the treatment of ALCL and HL. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6           Gene expression profiling of CD30- and CD30+ cell lines 
 

 180 

6.2 Methods 

 

6.2.1 Cell culture conditions 

 

Four cells lines were utilised in our microarray analysis HD-MY-Z (CD30-), SU-DHL-1 

(CD30+), SR-786 (CD30+) and L-540 (CD30+). Cells were maintained according to 

instructions detailed in Section 2.3.1. Also included in our analysis were SR-786 cells 

cultured under two different conditions. Previous work has demonstrated the ability to alter 

CD30 expression levels observed in CD30+ ALCL cell line SR-786 via culture conditions. 

Therefore SR-785 cells were cultured at densities greater than 1 x 106 cells/mL and at 5 x 

105 cells/mL.  

 

6.2.2 RNA isolation 

 

 RNA isolated from ALCL and HL cell lines were prepared according to instructions 

detailed in Section 2.9.1 

 

6.2.3 Microarray 

 

Isolated RNA samples were quantified via spectrophotometery (section 2.7.6) and the 

integrity of RNA samples were visualised by the presence of intact 18S and 28S ribosomal 

RNA bands via agarose gel electrophoresis. RNA samples were then packed on dry ice and 

shipped overnight to the Australian Genome Research Facility (AGRF) in Melbourne, 

Australia where our RNA samples were processed. Microarray chips (U133 Plus 2.0) were 

prepared, hybridised and scanned according to manufactures instructions (Affymetrix, 

USA).  
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6.2.4 Analysis 

 

Results from the microarray scans were returned as electronic files from the AGRF. Data 

analysis was then conducted using GeneSifter®, a microarray data analysis programme by 

[www.genesifter.net]). This programme enabled analysis as well as data management on a 

web based programme.  
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6.3 Results 

 

6.3.1 Global gene expression profiling of up- and downregulated genes relating 

to CD30 expression levels 

 

6.3.1.1  Summary of microarray data management 

 

Expression profiling of a panel of CD30 expressing and non-expressing cell lines were 

analysed to identify changes in transcript levels of genes that correlated with changes in 

CD30 expression. This analysis aimed to further identify additional potential transcription 

factors that may be implicated in the regulation of CD30. Previous work in our laboratory 

(Franchina et al., 2006) have demonstrated that cell culture densities in which ALCL cells 

SR-786 are grown in is able to influence CD30 surface expression levels. SR-786 cells 

cultured at a high density (> 1 × 106 cells/mL) expressed lower levels of CD30 compared to 

SR-786 cells cultured at a low density (< 5 × 105 cells/mL) which were verified by real time 

PCR analysis (data not shown). Therefore RNA isolated from high and low density culture 

SR-786 cells was included in our microarray analysis to account for cell line specific 

differences to enable identification of changes in gene transcripts that correlated to changes 

in CD30 expression levels. In addition, RNA isolated from CD30 non-expressing cell line 

HD-MY-Z as well as RNA isolated from CD30 expressing cell lines SU-DHL-1 and L-540 

and included in our microarray analysis to represent a range of CD30 expression levels.  

 

Isolated RNA obtained from our cells lines were shipped to the AGRF in Melbourne, 

Australia where the RNA quality was thoroughly verified and then hybridised onto the 

U133 Plus 2 Human gene chips (Affymetrix). Comparable background and noise values 

were obtained for all five arrays that were analysed. The total and percentage numbers of 
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probe sets denoted as “present” were examined in the five arrays and demonstrated 

differences between the control sample (CD30- cell line, HDMYZ) and the other 

experimental groups tested. Approximately 21,597 probe sets (39.5 %) were classified 

“present” the CD30- sample (HD-MY-Z) while  the number of present calls was increased 

to 21,706 (39.7 %) in SU-DHL-1, 22,089 (40.4 %) in SR-786 cells cultured at high 

densities, 22,089 (40.4 %) in SR-786 cells cultured at low densities and 21,815 (39.9 %) in 

L-540. This observation suggests similar numbers of genes are expressed in all cell lines.   

 

Data returned from the AGRF was then uploaded into the web-based programme, 

GeneSifter® for transcriptome analysis. Several filtering applications were used to identify 

differentially expressed genes between the CD30 non-expressing cell line, HD-MY-Z and 

the panel of CD30 expressing cell lines (SU-DHL-1, SR-786(LD), SR-786(HD) and L-

540). A quality control threshold of P > 0.5 was initially applied to exclude data of probe 

sets that were designated “absent” in all samples. Out of the original 54,675 gene identifiers 

(GI), only 29,956 GI fulfilled the applied “present” quality call. To further narrow down 

potential differentially expressed genes, pattern navigations using a correlation coefficient 

of 0.999 was able to identify both up and down regulated genes. Lists generated from 

pattern navigation indicated that 1,740 GI that were more than 3-fold upregulated while 

1,772 GI showed a more than 3-fold down regulation in gene expression in the CD30 

expressing cell lines (SU-DHl-1, SR-786 and L-540) compared to the CD30 non-expressing 

cell line, HD-MY-Z. As certain transcripts may involve more than one specific probe, the 

GIs detected in these lists overestimate the number of differentially expresses genes.  
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6.3.1.2  Gene ontology analysis 

 

To gain a better understanding of the up and down regulated expression profiles of genes 

identified through pattern navigation, gene ontology (GO) analyses were then applied to our 

list of genes. This analysis detected several GO categories that indicated significant 

numbers of gene expression changes between the CD30 non-expressing cell line (HD-MY-

Z) and CD30 expressing cell lines (SU-DHL-1, SR-786 and L-540) as indicated by an 

assigned z-score. The z-score is calculated by subtracting the observed number of genes in 

a GO class that satisfy the conditions from the expected number of genes followed by 

dividing this value by the standard deviation of the observed number of genes (Cheadle et 

al., 2003; Doniger et al., 2003). 

 

A z-score greater than 2 indicated that the listed GO group occurred significantly more 

frequently that the expected in the created pattern navigation lists. For our analysis two 

general GO term categories that were examined are “biological process ontology” and 

“molecular function ontology.” GO analysis of the downregulated gene list identified 

several subcategories possessing a z-score greater than 2, indicating a significant 

overrepresentation in our gene list. Biological process ontology included cellular process 

(2.45), biological regulation (5.88), regulation of biological process (6.00), development 

process (9.84), multicellular process (9.07), positive regulation of biological process (4.64), 

negative regulation of biological process (4.34), biological adhesion (8.98), locomotion 

(6.60), growth (2.44) and rhythmic process (2.06). While molecular transducer activity 

(2.57) and enzyme regulator activity (5.46) were the only subcategories to be 

overrepresented in the molecular function ontology (Figure 6.1), all genes of subcategories 



Chapter 6           Gene expression profiling of CD30- and CD30+ cell lines 
 

 185 

 
Ontology (biological process) List Array z-score 
Cellular process 709 10947 2.45 
Biological regulation 486 6476 5.88 
Regulation of biological process 464 6099 6.00 
Metabolic process 412 7513 -4.32 
Developmental process 315 3171 9.84 
Multicellular organismal process 313 3268 9.07 
Localisation 188 2943 0.32 
Response to stimulus 141 2397 -0.85 
Establishment of localisation 131 2528 -2.50 
Positive regulation of biological process 124 1356 4.64 
Negative regulation of biological process 122 1363 4.34 
Biological adhesion 101 712 8.98 
Locomotion 59 425 6.60 
Immune system process 43 883 -1.77 
Growth 31 338 2.24 
Reproduction 30 555 -0.85 
Reproductive process 30 553 -0.83 
Multi-organism process 21 523 -2.16 
Rhythmic process 9 75 2.06 
Pigmentation 4 49 0.55 
Viral reproduction 3 70 -0.68 
Cell killing 0 28 -1.37 
 
 
Ontology (biological process) List Array z-score 
Binding 720 11308 1.97 
Catalytic activity 247 4786 -3.62 
Molecular transducer activity 128 1686 2.57 
Transcription regulator activity 85 1321 0.41 
Enzyme regulator activity 82 758 5.46 
Transporter activity 47 1128 -2.93 
Structural molecule activity 39 577 0.59 
Electron carrier activity 13 206 0.08 
Antioxidant activity 3 45 0.14 
Translation regulator activity 3 112 -1.54 
Auxiliary transport protein activity 1 46 -1.13 
Chemoattractant activity 1 6 1.07 
Nutrient reservoir activity 1 1 3.90 
Chaperone regulator activity 0 8 -0.73 
Metallochaperone activity 0 4 -0.51 
Protein tag 0 2 -0.36 
 
 
Figure 6.1 Gene ontology (GO) results for genes that were detected as more then 3-
fold downregulated in CD30 expressing cells compared to CD30 non-expressing cells. 
Genes that were recognised as more than 3-fold downregulated in CD30 expressing cells 
versus CD30 non-expressing cells were classified into two categories, “Biological process” 
(A) and “Molecular Function” (B) established by GeneSifter®. Categories are listed in 
relation to the number of genes present in our list of downregulated genes (List) out of the 
total number of genes present on the Human genome U133 Plus 2.0 microarray chip 
(Array). Subcategories with a z-score >2 indicate significant changes in gene expression 
levels and are highlighted.  
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that were flagged as significantly altered due to a z-score of more than 2 are listed in Table  

A-VI.1 and 2 in the appendix.  

 

GO examinations of the upregulated gene list rated seven subcategories of the biological 

process ontology group as significantly altered. These consisted of metabolic process 

(2.62), regulation of biological process (2.03), response to stimulus (2.52), negative 

regulation of biological process (4.33), immune system process (8.69), positive regulation 

of biological process (2.67) and multi-organism process (2.18). For the molecular function 

ontology two subcategories were classified as significantly altered; molecular transducer 

activity (2.03) and transcriptional regulator activity (4.87) (Figure 6.2). All genes of 

subcategories that were flagged as significantly altered due to a z-score of more than 2 are 

listed in Table A-VI.3 and 4 in the appendix.  

 

6.3.2 Expression profiles of potential transcription factors that may associate 

with CD30 expression levels 

 

GO report have identified several subcategories under biological process and molecular 

function ontology of our lists of up and downregulated genes to be significantly altered. 

Interestingly one of the subcategories identified through GO analysis from out list of 

upregulated genes was transcription regulator activity with a z-score of 4.87. As our studies 

are interested in identifying factors that transcriptionally regulate CD30, this subcategory 

was further examined.  

 

The gene ontology category for transcription regulation activity was further sub-divided 

into smaller specific categories as summarised in Figure 6.3. Five of these subcategories 
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Ontology (biological process) List Array z-score 
Cellular process 651 10947 1.26 
Metabolic process 473 7513 2.62 
Biological regulation 402 6476 1.80 
Regulation of biological process 383 6099 2.03 
Developmental process 190 3171 0.42 
Multicellular organismal process 168 3268 -1.97 
Response to stimulus 166 2397 2.52 
Localisation 162 2943 -0.88 
Establishment of localisation 140 2528 -0.72 
Negative regulation of biological process 115 1363 4.33 
Immune system process 110 883 8.69 
Positive regulation of biological process 101 1356 2.67 
Biological adhesion 45 712 0.56 
Multi-organism process 42 523 2.18 
Reproduction  29 555 -0.63 
Reproductive process 29 553 -0.61 
Locomotion  23 425 -0.38 
Growth  22 338 0.53 
Rhythmic process 8 75 1.79 
Viral reproduction 6 70 0.98 
Cell killing 4 28 1.91 
Pigmentation  1 49 -1.14 
 
 
Ontology (biological process) List Array z-score 
Binding 670 11308 1.97 
Catalytic activity 271 4786 -0.29 
Molecular transducer activity 115 1686 2.03 
Transcription regulator activity 115 1321 4.87 
Transporter activity 57 1128 -1.04 
Enzyme regulator activity 42 758 -0.25 
Structural molecule activity 12 577 -3.86 
Electron carrier activity 11 206 -0.25 
Translation regulator activity 4 112 -0.99 
Auxiliary transport protein activity 2 46 -0.41 
Antioxidant activity 0 45 -1.66 
Chaperone regulator activity 0 8 -0.70 
Chemoattractant activity  0 6 -0.60 
Metallochaperone activity 0 4 -0.49 
Nutrient reservoir activity 0 1 -0.25 
Protein tag 0 2 -0.35 
 
 
Figure 6.2. Gene ontology (GO) results for genes that were detected as more than 3-
fold upregulated in CD30 expressing cells compared to CD30 non-expressing cells. 
Genes that were recognised as more than 3-fold upregulated in CD30 expressing cells 
versus CD30 non-expressing cells were classified into two categories, “Biological process” 
(A) and “Molecular Function” (B) established by GeneSifter®. Categories are listed in 
relation to the number of genes present in our list of upregulated genes (List) out of the total 
number of genes present on the Human genome U133 Plus 2.0 microarray chip (Array). 
Subcategories with a z-score >2 indicate significant changes in gene expression levels and 
are highlighted.  
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Transcription Regulator Activity List Array z-score 
Transcription factor activity 79 877 4.30 
Transcription repressor activity 30 239 4.56 
Transcription activator activity 29 311 2.75 
Transcription cofactor activity 28 301 2.68 
RNA polymerase II transcription factor activity 19 215 1.97 
RNA polymerase III transcription factor activity 2 10 1.94 
Negative regulator of basal transcription activity 1 2 2.69 
Transcription elongation regulator activity 1 18 -0.03 
Transcription termination factor activity 1 4 1.66 
RNA polymerase I transcription factor activity 0 4 -0.49 
Transcription initiation factor activity 0 6 -0.60 
Two-component response regulator activity 0 2 -0.35 
 
 
 
 

 
 
 
 
Figure 6.3 A detailed analysis of the “Transcription regulatory activity” GO 
subcategory for more than 3-fold upregulated genes in CD30 expressing cells 
compared to CD30 non-expressing cells. (A) Ontology reports for specific subcategories 
within “Transcription regulator activity.” Categories are listed in relation to the number of 
genes present in our list of downregulated genes (List) out of the total number of genes 
present on the Human genome U133 Plus 2.0 microarray chip (Array). Subcategories with a 
z-score >2 indicate significant changes in gene expression levels and are highlighted. (B) 
Gene ontology pie charts for more than 3-fold upregulated genes in CD30 expressing cells 
in the “transcription regulator activity” subcategory. The relative frequency of genes in the 
list meeting the shown gene ontology term criteria is expressed as percentages and their 
respective z-score is given. 

B. 

A. 
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possessed z-score >2 and were further analysed. These included transcription factor activity 

(4.30), transcription repressor activity (4.56), transcription activator activity (2.75), 

transcription co-factor activity (2.68) and negative regulator of basal transcription activity 

(2.69). Examination of gene lists generated from this GO reports identified eight potential 

transcription factors that may be involved in the transcriptional regulation of CD30. This 

analysis identified several lymphoid specific factors such as interferon regulator factor 4, 7 

and GATA 3 (Figure 6.4 – A, B and C). No binding sites for these transcription factors 

have been identified within the regulatory regions of the CD30 gene. However, it is 

possible that these factors may regulate the expression of genes involved in upstream 

signalling events that in turn influence expression levels of CD30.  

 

Expression levels of IRF 4 and 7 observed in the microarray analysis suggest that mRNA 

levels of these genes correlated with CD30 expression levels as a similar trend is observed 

across the various cell lines tested. Modulation of CD30 expression levels through different 

growth conditions in the SR-786 cell line demonstrated lower levels of IRF-4 and 7 in the 

densely cultured SR-786 cells compared SR-786 cells grown at a lower density (Figure 6.4 

A and B). In addition, high levels of IRF-4 and 7 are also observed in CD30+ cell line L-

540 that has been previously shown to express the highest levels of CD30 (Franchina et al., 

2008) across our panel of cell lines. While no consensus binding sites for IRF-4 and 7 have 

been identified within the CD30 gene, these factors may regulate genes upstream of the 

CD30 signalling pathway.  For example, IRF-4 has been previously shown to regulate IL-4 

through interaction with NFAT transcription factors (Rengarajan et al., 2002). In addition, 

it has also been reported that the expression of CD30 is stimulated by IL-4 (Annunziato et 

al., 1997; Nakamura et al., 1997). These findings suggest that an increase in IRF-4 

expression may in turn upregulate IL-4 levels which results in the modulation of CD30 
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Figure 6.4 Microarray data for selected transcription factors obtained from Gene 
Ontology (GO) reports for “Regulation of transcript ional activity” that were 
significantly upregulated in CD30 expressing cell lines versus the CD30 non-
expressing cell line. mRNA levels were upregulated to varying degrees in the CD30 
expressing cell lines for interferon regulatory factor 4 (A), interferon regulatory factor 7 
(B), GATA 3 (C), SMAD 2 (D), runt-related transcription factor 2 (E), runt-related 
transcription factor 3 (F) SWI/SWF related, matrix associated, actin dependent regulator of 
chromatin subfamily e, member 1 (G) and histone deacetylase 4 (H). Shown are 
fluorescence intensities of a representative probe set for the corresponding gene (n=1) 
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expression levels. In addition, mRNA levels of IRF-4 appear to be unpregulated in samples 

of CD30 expressing cell lines while expression levels are much lower in the CD30 non-

expressing cell line, suggesting possible roles for this factor as an activator for the 

transcriptional regulation of CD30.    

 

Several other transcription factors generated from GO reports were also of interest, these 

included SMAD 2 and RUNX (runt related transcription factor) 2 and 3. Once again mRNA 

levels from microarray analysis demonstrate high expression levels of these factors in 

CD30 expressing cell lines while mRNA levels are downregulated in the CD30 non-

expressing cell line. However changes in transcript levels across our panel of CD30+ cell 

lines do not indicate any correlation between CD30 expression levels and expression levels 

of these factors. No transcription factor binding sites for SMAD 2 or RUNX 2 and 3 have 

been identified within the regulatory regions of the CD30 gene therefore it is possible that 

these factors may interact with already known regulatory proteins of the CD30 gene. 

SMAD proteins have been previously reported to associate with AP-1 proteins and act on 

the c-Jun promoters to regulate gene regulation (Wong et al., 1999). As work described in 

the previous chapter has identified an intronic AP-1 site that has been shown to functionally 

enhance the transcriptional activity of CD30, upregulation of mRNA levels of SMAD 2 in 

CD30 expressing cell lines suggests a possible interaction between SMAD 2 and AP-1 

proteins that may act as a transcriptional enhancer. In addition, RUNX proteins have also 

been reported to interact with SMAD proteins (Zaidi et al., 2002). This raises the possibility 

of these transcription factors associating with each other to form a transcriptional complex 

at the intronic AP-1 site that is able to act as an enhancer for the regulation of CD30.  
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The CD30 gene has been previously demonstrated to be epigenetically regulated due to the 

presence of a CpG island located within its proximal promoter region (Watanabe et al., 

2007). The identification of chromatin remodelling enzymes histone deacetyase (HDAC) 4 

(Figure 6.4 – H) and SWI/SWF related, matrix associated, actin dependent regulator of 

chromatin subfamily e, member 1 (Figure 6.4 – G) in our GO generated gene list further 

supports previous findings that chromatin context plays an important role in the regulation 

of CD30. Histone deacetylases are primarily associated with gene repression as these 

enzymes are able to remove the acetyl groups from histone lysine tails resulting in the 

formation of a compacted chromatin structure (Cress and Seto, 2000; Gregory et al., 2001). 

Therefore one would expect histone deacetylase mRNA levels to be upregulated in the 

CD30 non-expressing cell line compared to the CD30 expressing cell lines, however this is 

not the case observed for the microarray gene expression profile for histone deacetylase 4. 

A possible explanation for this could be due to the ability of HDACs to interact with targets 

other than histones such as transcription factors, TFIIE and TFIIF (Deckert and Struhl, 

2001; Gray and Ekstrom, 2001). Increased mRNA levels of histone deacetylase 4 in CD30 

expressing cells may indicate that this enzyme interacts with members of the transcriptional 

initiation complex to perhaps aid in its stabilisation resulting in an increase in CD30 

expression levels.  

 

6.3.3 Gene expression profiling of AP-1 protein family members 

 

Work in chapter 5 has confirmed the presence of an AP-1 transcription factor binding site 

that interacts with Jun proteins located with intron 1 of the CD30 gene. As the study was 

only able to test four antibodies, we decided to examine the expression profiles of other    

AP-1 family members that were found to be present on our microarray. These analyses 
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identified several Jun (JunB, c-Jun, JunD), FOS (c-Fos, Fra-1, Fra-2) and ATF (ATF1, 2 

and 3) proteins that are known to associate with the AP-1 consensus motif, (5′-

TGAG/CTCA-3′) (Chinenov and Kerppola, 2001; Shaulian and Karin, 2002).  

 

Expression profiles of most of the AP-1 proteins that were detected on the array such as 

JunB (Figure 6.5 - A), JunD (Figure 6.5 - C), Fra-2 (Figure 6.5 - F), ATF-1 (Figure 6.5 - 

G), ATF-2 (Figure 6.5 - H) and ATF-3 (Figure 6.5 - I) displayed increased mRNA levels 

(to varying degrees) in the CD30 expressing cell lines while the CD30 non-expressing cell 

line HD-MY-Z displayed low levels of expression. Comparisons of data obtained from 

EMSA (Chapter 5) and microarray analysis further confirms the potential role of JunB as a 

transcriptional activator for the CD30 gene through interaction with the intronic AP-1 site. 

Expression profile of JunB obtained from the microarray analysis displayed low mRNA 

levels of JunB in the CD30- cell line HD-MY-Z while elevated levels are observed in the 

CD30+ cell lines (SU-DHL-1, SR-786 and L-540). Similarly, antibody supershift EMSAs 

carried out in the previous chapter demonstrated the binding of JunB proteins to the intronic 

AP-1 site in CD30+ cells Karpas-299, SU-DHL-1 and SR-786. In contrast, JunB proteins 

were absent across the intronic region in CD30- cell line HD-MY-Z was well as in Jurkat 

cells that expressed very low levels of CD30. These findings strongly suggest a role for 

JunB proteins as distal enhancers through interaction with the intronic AP-1 site for the 

transcription of CD30.  

 

Another member of the AP-1 family of proteins that was also examined by EMSAs was c-

Jun. Transcript levels of c-Jun observed on the microarray indicated elevated levels in the 

CD30- cell line compared to the low levels of expression observed in the CD30+ cell lines 
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Figure 6.5 Microarray data for AP-1 proteins that were detected in our arrays in a 
CD30 non-expressing cell line compared to CD30 expressing cell lines. Fluorescence 
intensities levels for c-Jun (B) and Fra-1 (E) were massively downregulated in the CD30 
expressing cells lines while intensity levels for the remaining AP-1 proteins with the 
exception of c-Fos (D) were upregulated to varying degrees. These include JunB (A), JunD 
(C), Fra-2 (F), ATF-1 (G), ATF-2 (H) and ATF-3 (I) . Shown are fluorescence intensities of 
a representative probe set for the corresponding gene (n=1) 
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(Figure 6.5B). These findings once again confirm the role of c-Jun proteins as a repressor 

for the transcriptional activity of CD30, as c-Jun proteins were only identified to interact 

with the intronic AP-1 site in CD30- cell line HD-MY-Z and low CD30 expressing cell line 

Jurkat as observed through EMSAs. Interestingly, observed transcript levels for Fra-1 on 

the microarray also a similar expression to c-Jun with high Fra-1 levels observed in CD30- 

cell line while low transcript levels were detected across the CD30+ cell lines (Figure 

6.5E). Fra-1 was not one of the AP-1 family members that were tested in the initial 

antibody supershift analysis therefore these findings also suggest a potential role for Fra-1 

proteins as a transcriptional repressor for CD30. As AP-1 proteins bind to DNA as homo- 

or heterodimers, this finding suggests that the repressor complex that interacts with the 

intronic AP-1 site in Jurkat and HD-MY-Z cells consist of a hetrodimer of c-Jun and Fra-1 

proteins.  

 

Our initial EMSAs analysis did not include several of the AP-1 family members that were 

detected on the microarray such as Fra-2 (Figure 6.5F), ATF-1 (Figure 6.5G) and ATF-3 

(Figure 6.5I). The expression profiles of these factors displayed a similar trend with low 

transcript levels detected across the CD30- cell line and increased transcript levels to 

varying degrees across the panel of CD30+ cells. These results also suggest potential roles 

for these AP-1 members as transcriptional enhancers for CD30 through association with the 

intronic AP-1 site. Therefore, future work would involve testing these factors through 

additional EMSA analyses to elucidate their roles in the transcriptional regulation of CD30.  

 

The expression profile of c-Fos (Figure 6.5 - D) indicated increased expression levels in 

ALCL CD30+ cell lines SU-DHl-1 and SR-786 compared to the CD30- cell line HD-MY-

Z. However expression levels of c-Fos was massively down regulated in the HL CD30+ 



Chapter 6           Gene expression profiling of CD30- and CD30+ cell lines 
 

 200 

cell line, L-540. This indicated possible differential expression patterns of certain AP-1 

proteins in ALCL and HL cell lines as well as suggesting that perhaps c-Fos is involved in 

transcriptional regulation of CD30 in ALCL but not in HL.  
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6.4 Discussion 

 

Factors and mechanisms that regulate CD30 expression levels are of great interest to our 

study as previous work carried out in our laboratory have suggested that CD30 levels are 

able to determine the fate of a cell. Our efforts have focused on the determination of factors 

that transcriptionally regulate CD30 and work presented in this thesis has identified and 

characterised an AP-1 transcription binding site located within intron 1 of the CD30 gene 

that acts as an enhancer on the transcriptional regulation of CD30.   

 

The studies presented in this chapter were undertaken to further investigate additional 

transcription factors that maybe implicated in the regulation of CD30, through microarray 

experiments that enabled the simultaneous analysis of large numbers of differentially 

expressed genes. Comparisons of the expression profiles of a CD30- cell line HD-MY-Z 

with several CD30+ cell lines SU-DHL-1, SR-786 and L-540 resulted in a list of 1,772 GI 

that were more than 3-fold downregulated and 1,740 GI that displayed a more than 3-fold 

increase in expression. Gene ontology analysis of both up and down regulated genes 

indicated significant alteration in gene expression levels for a variety of GO categories such 

as metabolic processes, cellular processes, immune system processes, biological regulation, 

molecular transducer activity, enzyme regulator activity and response to stimulus.  

 

One particular sub-category that was significantly upregulated in CD30 expressing cell 

lines compared to the control cell line (CD30 non-expressing cell line, HD-MY-Z) were 

genes involved in transcriptional regulator activity. This was of great interest to us in this 

study therefore gene lists for this subcategory was further examined. Analysis of gene lists 

revealed the presence of several lymphoid specific factors such as interferon regulatory 
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factor 4 and 7 as wells as GATA 3 that displayed increased expression levels in the CD30+ 

cell lines and very low expression levels in the CD30- control. The identification of these 

lymphoid specific factors may shed some light on possible roles for these factors in the 

tissue-specific expression of neoplastic cells of ALCL and HL.  

 

Several other transcription factors such as SMAD 2 and runt-related transcription factor 

(RUNX) 2 and 3 have also been shown to be expressed at higher levels in CD30 expressing 

cell lines compared to the CD30 non-expressing cell line. Interaction of these transcription 

factors with AP-1 proteins has been reported. Therefore these transcription factors may be 

involved in the formation of an enhancer complex at the intronic AP-1 site that is able to 

distally act on the CD30 promoter resulting in upregulation of its transcriptional activity. 

The identification of chromatin remodelling enzymes histone deacetylase 4 and SWI/SWF 

related, matrix associated, actin dependent regulator of chromatin subfamily e, member 1 

also supports and provides further evidence that chromatin context plays an important role 

in the regulation of CD30.  

 

Gene expression profiles of AP-1 proteins have also revealed a possible enhancer and 

repressive nature of certain AP-1 proteins in the transcriptional regulation of CD30. This 

study has also revealed that certain AP-1 proteins such as c-Fos may be differentially 

expressed in ALCL and HL cells. Due to the variation of CD30 expression levels between 

the different CD30 expressing cell lines this suggests that the association of different AP-1 

proteins to the identified intronic AP-1 site may be responsible for the differences in CD30 

expression levels observed in these cell lines.  
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Data presented in this chapter suggests that the transcriptional regulation of CD30 is an 

intricate process. One that involves particular transcription factors that form enhancer 

complexes that act on the CD30 promoter as well as chromatin remodelling enzymes that 

alter the chromatin structure surrounding this promoter region that work co-operatively to 

enable the expression of CD30. Work presented here will form part of future studies that 

stem from this project and would include validation of expression levels of these identified 

factors through real-time PCR.  The data obtained from microarray expression profiling 

indicates the levels of mRNA present in each cell line, however mRNA levels do not 

always correlate with active proteins due to post-trancriptional/translational modifications. 

Therefore future work would also involve complementary methods such as western-blotting 

to confirm the biological significance of the observed changes in mRNA levels.  

 
 

 

 

 

 

 

 

 

 

 

 

 



   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chapter 7 

 

General Discussion 

 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 7                                                                       General discussion 
 

 205 

7.1 General Discussion 

 

Cytokine receptor CD30 is a member of the TNFR family of receptors that was originally 

identified by the monoclonal antibody Ki-1 as a surface antigen that is highly expressed in 

neoplastic cells of Hodgkin and Reed-Sternberg cells of HL (Schwab et al., 1982; Stein et 

al., 1982). The overexpression of CD30 is also associated with various other non-Hodgkin 

lymphomas particularly in ALCL (Stein et al., 2000). In contrast, the expression of CD30 is 

usually restricted to proliferating B and T lymphocytes in healthy individuals (Falini et al., 

1995; Gerdes et al., 1986; Schwab et al., 1982; Stein et al., 1982). Activation of CD30 with 

its ligand, CD153 or cross-linking with antibodies is able to trigger various pleiotropic 

biological processes ranging from apoptosis to proliferation.  

 

Several studies together with data generated in our laboratory have suggested that the CD30 

expression levels of a cell are able to influence which signalling pathway predominates 

(Franchina et al., 2006; Watanabe et al., 2005). Therefore understanding the mechanisms 

that transcriptionally regulate the CD30 gene is of great interest. Previous work that 

focused on characterisation of the CD30 promoter have established several factors that are 

implicated in the transcriptional regulation of this gene however none of these identified 

factors appear to correlate with high levels of CD30 observed in ALCL and HL cells. 

Therefore this project was interested in testing the hypothesis that the high CD30 

expression levels in ALCL and HL cells is transcriptionally regulated by a possible cell 

specific element located outside of the proximal promoter of the CD30 gene.  

 

The results presented in this thesis represent the first identification of a cis-regulatory 

element situated outside the proximal promoter of the CD30 gene (Chapter 3). The first 
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intron of CD30 is approximately 20 kb in length and due to its size, suggests the presence 

of potential regulatory elements residing within this region. Therefore efforts focused on 

searching for potential transcriptionally active regions located within intron 1 through 

phylogenetic footprinting and in vivo DNase 1 hypersensitivity assays. Analysis of both 

CD30 expressing HL and ALCL cells lines indicated the presence of a hypersensitive 

region located at approximately +4748 to +4760 bp (HS1). This hypersensitive region was 

found to be absent in cell lines that expressed no or low levels of CD30, suggesting that 

factors that bind to this region of the CD30 gene may contain enhancers that are implicated 

in the transcriptional regulation of CD30.  Published data measuring CD30 expression 

levels through quantitative PCR (Franchina et al., 2006) have indicated very high levels of 

CD30 expression levels in HL cell line L-540. Interestingly DNase 1 hypersensitivity 

analysis of this cell line revealed the presence of two hypersensitive regions, one 

corresponding to the previously identified HS1 and an additional site (HS2) located 

approximately 400 bp down stream of the first site. These findings suggest that not only is 

the first hypersensitive site involved in the regulation of CD30 expression, but also that the 

second hypersensitive site may also contain additional factors that results in the very high 

levels of CD30 observed in the L-540 cell line. 

 

The next section of this thesis then focused on the localisation and testing the functional 

significance of the first identified region DNase 1 hypersensitive region (HS1) through 

reporter gene assays. A series of deletion constructs containing varying lengths of the 

intronic region cloned downstream of the full length CD30 promoter revealed that the 

+4660 to +4815 bp region of the CD30 gene contained strong enhancer elements that 

upregulated the transcriptional activity of CD30. As these constructs were generated prior 

to the identification of the second hypersensitive site (HS2), this study was unable to test 
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the role of the second site in the transcriptional regulation of this gene. Future work would 

involve testing the functional significance of this second hypersensitive site as well as 

determining the relationship between these two regions on the transcriptional regulation of 

the CD30 gene to determine if factors that bind to these regions work cooperatively to 

upregulate the transcriptional activity of this gene. Another question that arises from the 

work outlined in this chapter concerns the ability of this intronic region to upregulate the 

transcriptional activity of CD30 in the absence of the CD30 promoter. Therefore future 

work stemming from this study would also involve testing the enhancer activity of this 

intronic region in the presence of a heterologous promoter (e.g. SV40) through further 

reporter gene assays.  

 

Chromatin accessibility levels surrounding the two identified hypersensitive regions were 

also examined across a panel of CD30 expressing and non-expressing cell lines via 

CHART-PCR. Results generated from this assay confirmed the presence of regulatory 

elements located within intron 1 of the CD30 gene due to an increase in chromatin 

accessibility levels spanned across HS1 which corresponded to the positions of the 

previously identified DNase 1 hypersensitivity sites. These findings suggest that the 

regulation of CD30 is due to a combination of both genetic and epigenetic factors and 

chromatin remodelling events which occur across the intronic region alters the chromatin 

structure of the gene enabling greater accessibility to transcription factors which in turn 

modulates the transcriptional activity of CD30.  

 

This data provides further evidence that chromatin context plays an important role in the 

regulation of CD30. As transient transfections do not take into account the appropriate 

chromatin conformation that reflects the endogenous gene environment within a cell, future 
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studies would involve testing the functional roles of the hypersensitive regions utilising a 

Flp recombinase-mediated integration (O'Gorman et al., 1991) system. The system that has 

been established in our laboratory (Karimi et al., 2007) allows the integration and 

expression of a set of reporter gene constructs that are located at the same genomic location 

and orientation in cells of any one culture. This enables a more contextual approach for 

analysing the functional role of the intronic regulatory elements in a chromatin environment 

that more closely reflects natural cellular conditions.  

 

The next section of the thesis was concerned with examining and identifying regulatory 

proteins that bound to the HS1 intronic region through EMSAs (Chapter 5). Predicted 

transcription factor binding motifs indicated the possible presence of an AP-1 site within 

HS1 and competition assays were employed to confirm this. Analysis revealed the presence 

of AP-1 proteins interacting with the predicted AP-1 site across the panel of cell lines 

tested. As the AP-1 family of proteins consist of proteins that either form homo- or 

hetrodimers that interact with DNA, four possible candidates expressed in the cell lines 

were selected for further investigation. Antibody supershift assays revealed the presence of 

two different Jun proteins that bound to the AP-1 consensus motif. c-Jun was found to bind 

to this AP-1 site in cells that expressed no or low levels of CD30 while JunB proteins 

bound to this site in cells that expressed higher levels of CD30.   

 

As AP-1 proteins only bind to DNA as dimers, results obtained from CD30 expressing cell 

line SU-DHL-1 strongly suggests that JunB binds to the intronic AP-1 site as a homodimer, 

however we cannot rule out the possibility that it may form a heterodimer with other AP-1 

proteins that belong to the FOS or ATF family which have yet to be tested. Expression 

profiles of CD30+ and CD30- cell lines via microarray analysis (Chapter 6) have also 
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indicated higher mRNA levels of Fra-1 in CD30 non-expressing cell line compared to 

CD30 expressing cells. This finding further suggests that c-Jun and Fra-1 may form a 

hetrodimer protein complex that represses the transcriptional activity of CD30. These 

findings indicate that the cell specific expression of CD30 may be due to specific AP-1 

proteins such as JunB and c-Jun interacting with the intronic regulatory AP-1 site and in 

turn modulating the transcriptional activity of the CD30.  

 

Expression profiling of CD30+ and CD30- cell have also identified several AP-1 proteins 

such as Fra-2, c-Fos, ATF-1 and ATF-3 that display elevated mRNA levels in CD30 

expressing cell lines compared to the CD30 non-expressing cell line. Therefore future work 

would also test the potential roles of these additional AP-1 proteins in the upregulation of 

CD30. Apart from AP-1 proteins, microarray analysis has also identified chromatin 

remodelling enzymes such as HDAC4 and a member of the SWI/SWF family that further 

suggest that the chromatin structure of the CD30 gene plays an important role in its 

regulation. These results suggest that the cell specific expression of CD30 may be due to a 

combination of chromatin remodelling events that increases the accessibility of the AP-1 

proteins like JunB to the intronic AP-1 site which in turn results in the upregulation of 

CD30 transcriptional activity. As low chromatin accessibility was detected across this 

intronic region in the CD30-non-expressing cell line, the repressive protein complex that 

contains at least c-Jun proteins may constitutively bind to this region in CD30- cells, 

therefore repressing the transcriptional activity of CD30 through possible interactions with 

other protein complexes that interacted with the core promoter.  

 

A model depicting the potential role of the intronic AP-1 site in the transcriptional 

regulation of CD30 is represented in Figure 7.1, suggesting that the differential binding of 
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Figure 7.1 Proposed model for the transcriptional regulation of the human CD30 gene. Depicted in the model are mechanisms involved 
in either silencing (CD30-) or expressing (CD30+) of CD30. Straight arrows indicate possible interactions between different protein 
complexes. Also shown is the transcription initiation site indicated by the curved arrow and exons 1 and 2.  
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JunB or alternatively c-Jun proteins to this intronic region exerts different activities on the 

regulation of this gene. This may be achieved by the looping of the DNA structure enabling 

the direct protein-protein interaction between the distal AP-1 proteins and the RNA 

polymerase or other proteins that contact the polymerase at the promoter. The lack of 

DNase 1 hypersensitivity within cell lines that do not express CD30 further indicates a 

closed chromatin configuration over the intronic AP-1 motif. This is in contrast to CD30 

expressing cell lines that possess two DNase 1 hypersensitivity sites across intron 1 of the 

CD30 gene indicating a more accessible chromatin conformation.  

 

A question that arises from this study is the potential interactions between intronic AP-1 

proteins and regulatory elements located across the core promoter.  As previous work by 

Watanabe et al (Watanabe et al., 2003) has demonstrated that the binding of JunB proteins 

to the AP-1 site located within the proximal promoter relieves the repressive nature of the 

CD30 promoter microsatellite, it is of great interest to investigate potential interactions 

between the intronic Jun proteins and the AP-1 site located within the core promoter. In 

addition, future work would also involve investigating the impact of chromatin structure on 

the CD30 expression levels particularly across the intronic AP-1 site as well as testing the 

possibility of other AP-1 proteins that interact with this region of the gene. Therefore 

chromatin immunoprecipitation (ChIP) assays would confirm data generated from EMSAs 

and enable a more accurate in vivo analysis of additional AP-1 proteins that bind to the 

intronic region of the CD30 gene.  

 

In conclusion, the work presented in this thesis represents the discovery and preliminary 

characterisation of an intronic regulatory element that appears to be responsible for the high 

levels of CD30 expression observed in lymphoproliferative diseases such as ALCL and HL. 
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This work demonstrates opposing roles for Jun proteins in the regulation of CD30 as well 

as indicating an important role for chromatin in the regulation of this gene. Data presented 

here suggests that the high levels of CD30 expression and possibly its cell specific 

expression may be a due to distal enhancer element. Continued research in this area will 

generate a greater understanding of the role of chromatin in the transcriptional regulation of 

CD30 as well as elucidating the functional role of the intronic AP-1 site in the regulation of 

CD30. Ultimately understanding the role of these factors in CD30 regulation will provide 

valuable insights as to why CD30 is overexpressed in diseases such as ALCL and HL. As 

receptor density levels of CD30 have been shown to affect downstream signaling pathways 

that result in cell proliferation or apoptosis, these findings will provide a greater 

understanding of CD30 regulatory mechanisms that may result in potential therapeutic 

avenues. This study forms a platform for future investigations that will elucidate the role of 

CD30 in the progression of CD30+ disease states.  
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Table A-VI.1 List of GO terms (Biological process) with 3-fold upregulated genes in 
CD30 expressing cells compared to CD30 non-expressing cells. Listed are subcategories 
that were rated as significantly overrepresented in the list of upregulated genes with z-
scores >2.   
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Metabolic process (z-score 2.62) 
 
 
Regulation of metabolic process (z-score 3.51) 
 
    Actin-related Arp11 
    Activating transcription factor 3 
    Additional sex combs like 1 (Drosophila) 
    Aryl hydrocarbon receptor nuclear translocator 
    Ash1 (absent, small, or homeotic)-like (Drosophila) 
    AT rich interactive domain 3A (BRIGHT-like) 
    AT rich interactive domain 3B (BRIGHT-like) 
    AT rich interactive domain 4B (RBP1-like) 
    AT rich interactive domain 5A (MRF1-like) 
    AT-hook transcription factor 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Basic helix-loop-helix domain containing, class B, 2 
    Basic helix-loop-helix domain containing, class B, 3 
    Basic leucine zipper transcription factor, ATF-like 
    Basic leucine zipper transcription factor, ATF-like 3 
    BRF1 homolog, subunit of RNA polymerase III transcription initiation factor IIIB (S. 
cerevisiae) 
    calcium/calmodulin-dependent protein kinase kinase 2, beta 
    Capping protein (actin filament), gelsolin-like 
    Carnitine palmitoyltransferase 1B (muscle) 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    CCAAT/enhancer binding protein (C/EBP), delta 
    Cellular repressor of E1A-stimulated genes 1 
    Centromere protein F, 350/400ka (mitosin) 
    Chromodomain helicase DNA binding protein 7 
    Chromosome 10 open reading frame 137 
    Chromosome 11 open reading frame 9 
    Chromosome 6 open reading frame 166 
    Chromosome X open reading frame 15 
    Coagulation factor XII (Hageman factor) 
    Cold shock domain protein A 
    Core-binding factor, runt domain, alpha subunit 2; translocated to, 2 
    Cullin-associated and neddylation-dissociated 1 
    Cyclin-dependent kinase 2 
    Cyclin-dependent kinase 6 
    Cyclin-dependent kinase 9 
    Dachshund homolog 1 (Drosophila) 
    Dicer 1, ribonuclease type III 
    E74-like factor 1 (ets domain transcription factor) 
    Early B-cell factor 1 
    ELK1, member of ETS oncogene family 
    ELK4, ETS-domain protein (SRF accessory protein 1) 
    Elongation protein 2 homolog (S. cerevisiae) 
    Enhancer of zeste homolog 1 (Drosophila) 
    Ets variant gene 6 (TEL oncogene) 
    Eukaryotic translation initiation factor 4E family member 3 
    Ewing sarcoma breakpoint region 1 
    Exportin 5 
    forkhead box J2 
    Forkhead box O1 
    FOS-like antigen 2 
    Friend leukemia virus integration 1 
    Furry homolog (Drosophila) 
    GA binding protein transcription factor, beta subunit 2 
    GATA binding protein 3 
    General transcription factor II, i 
    Grainyhead-like 1 (Drosophila) 
    Growth factor independent 1 transcription repressor 
    GTP cyclohydrolase I feedback regulator 
    H2.0-like homeobox 
    Hairy and enhancer of split 1, (Drosophila) 
    Hairy/enhancer-of-split related with YRPW motif 2 
    Helicase, lymphoid-specific 
    Hematopoietic cell-specific Lyn substrate 1 
    Heterogeneous nuclear ribonucleoprotein D (AU-rich element RNA binding protein 
1, 37kDa) 
    Hexamethylene bis-acetamide inducible 1 
    Histone deacetylase 4 
    Homeodomain interacting protein kinase 3 
    HUS1 checkpoint homolog (S. pombe) 
    Hypoxanthine phosphoribosyltransferase 1 (Lesch-Nyhan syndrome) 
    IKAROS family zinc finger 1 (Ikaros) 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Inhibitor of growth family, member 3 
    Insulin-like growth factor 1 receptor 
    Interferon regulatory factor 4 
    Interferon regulatory factor 5 
    interferon regulatory factor 7 
    Interleukin 2 receptor, beta 
    Interleukin 6 receptor 
    Interleukin 7 
    Iron-responsive element binding protein 2 
    Jun B proto-oncogene 
    Kruppel-like factor 11 
    Kruppel-like factor 13 
    l(3)mbt-like (Drosophila) 
    Leucine zipper, putative tumor suppressor 1 
    Mdm2 p53 binding protein homolog (mouse) 
    Mediator complex subunit 26 
    Mediator complex subunit 6 
    Megakaryoblastic leukemia (translocation) 1 
    Mesoderm induction early response 1, family member 3 
    Minichromosome maintenance complex component 2 
    Minichromosome maintenance complex component 4 
    Minichromosome maintenance complex component 5 
    Mitochondrial translational release factor 1 
    Mortality factor 4 like 1 
    Myeloid zinc finger 1 

    Myoneurin 
    NLR family, CARD domain containing 3 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear factor (erythroid-derived 2)-like 2 
    Nuclear factor, interleukin 3 regulated 
    Nuclear receptor coactivator 2 
    Nuclear receptor subfamily 1, group H, member 3 
    Oncostatin M 
    One cut homeobox 2 
    Paternally expressed 3 
    PBX/knotted 1 homeobox 1 
    PC4 and SFRS1 interacting protein 1 
    Peptidylprolyl isomerase E (cyclophilin E) 
    Peroxisome proliferator-activated receptor alpha 
    PHD finger protein 21A 
    Platelet-derived growth factor alpha polypeptide 
    pogo transposable element with ZNF domain 
    Polycomb group ring finger 5 
    Polymerase (DNA directed), eta 
    Polymerase (RNA) III (DNA directed) polypeptide G (32kD) 
    PR domain containing 15 
    Protein phosphatase 1, regulatory (inhibitor) subunit 14D 
    Protein tyrosine phosphatase, receptor type, C 
    Putative homeodomain transcription factor 2 
    Rap guanine nucleotide exchange factor (GEF) 4 
    RAR-related orphan receptor A 
    RAR-related orphan receptor B 
    Ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein 
Rac2) 
    Ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein 
Rac2) 
    Regulatory factor X, 2 (influences HLA class II expression) 
    REST corepressor 3 
    Retinoblastoma-like 1 (p107) 
    Retinoic acid receptor, alpha 
    RING1 and YY1 binding protein 
    Runt-related transcription factor 2 
    Runt-related transcription factor 3 
    SCAN domain containing 2 
    Scm-like with four mbt domains 1 
    Signal transducer and activator of transcription 3 (acute-phase response factor) 
    Signal transducer and activator of transcription 4 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    Similar to hCG2044798 
    SMAD family member 2 
    Small nuclear ribonucleoprotein 70kDa polypeptide (RNP antigen) 
    SP100 nuclear antigen 
    SP110 nuclear body protein 
    Strawberry notch homolog 2 (Drosophila) 
    Suppressor of cytokine signaling 1 
    Suppressor of cytokine signaling 3 
    Suppressor of variegation 4-20 homolog 1 (Drosophila) 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily b, member 1 
    TAF11 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 
28kDa 
    TATA box binding protein (TBP)-associated factor, RNA polymerase I, B, 63kDa 
    Teashirt zinc finger homeobox 2 
    Thyroid hormone receptor associated protein 3 
    Toll-like receptor 1 
    Transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha) 
    Transcription termination factor, RNA polymerase II 
    Transcriptional adaptor 2 (ADA2 homolog, yeast)-beta 
    Transducin-like enhancer of split 3 (E(sp1) homolog, Drosophila) 
    Tripartite motif-containing 22 
    Tumor necrosis factor (TNF superfamily, member 2) 
    Tumor necrosis factor receptor superfamily, member 8 
    Tumor protein p53 
    Tumor protein p53 binding protein 1 
    Tumor protein p63 
    ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast) 
    Ubiquitin-conjugating enzyme E2L 6 
    V-myb myeloblastosis viral oncogene homolog (avian)-like 2 
    V-yes-1 Yamaguchi sarcoma viral related oncogene homolog 
    Vitamin D (1,25- dihydroxyvitamin D3) receptor 
    X-ray repair complementing defective repair in Chinese hamster cells 6 (Ku 
autoantigen, 70kDa) 
    YY1 associated factor 2 
    Zinc finger and BTB domain containing 26 
    Zinc finger and BTB domain containing 32 
    Zinc finger and BTB domain containing 33 
    Zinc finger and BTB domain containing 43 
    Zinc finger and BTB domain containing 44 
    Zinc finger and BTB domain containing 46 
    Zinc finger and BTB domain containing 7A 
    zinc finger and SCAN domain containing 12 
    Zinc finger E-box binding homeobox 2 
    Zinc finger protein 101 
    Zinc finger protein 107 
    Zinc finger protein 161 homolog (mouse) 
    Zinc finger protein 202 
    Zinc finger protein 207 
    Zinc finger protein 22 (KOX 15) 
    Zinc finger protein 273 
    Zinc finger protein 276 
    Zinc finger protein 277 
    Zinc finger protein 302 
    Zinc finger protein 36, C3H type, homolog (mouse) 
    Zinc finger protein 41 
    Zinc finger protein 460 
    Zinc finger protein 496 
    Zinc finger protein 513 
    Zinc finger protein 563 
    Zinc finger protein 621 
    Zinc finger protein 641 
    Zinc finger protein 652 
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    Zinc finger protein 692 
    Zinc finger protein 785 
    Zinc finger protein, X-linked 
    Zinc fingers and homeoboxes 2 
    ZXD family zinc finger C 

 
Regulation of biological process (z-score 2.03) 
 
 
Regulation of cellular process (z-score 2.18) 
 
    5'-3' exoribonuclease 1 
    A kinase (PRKA) anchor protein 10 
    ABI gene family, member 3 
    Absent in melanoma 2 
    Actin-related Arp11 
    Activating transcription factor 3 
    Additional sex combs like 1 (Drosophila) 
    Adenylate cyclase 7 
    ADP-ribosylation factor 1 
    Adrenergic, beta, receptor kinase 1 
    Anaplastic lymphoma receptor tyrosine kinase 
    Annexin A3 
    Aquaporin 3 (Gill blood group) 
    Aryl hydrocarbon receptor nuclear translocator 
    Ash1 (absent, small, or homeotic)-like (Drosophila) 
    AT rich interactive domain 3A (BRIGHT-like) 
    AT rich interactive domain 4B (RBP1-like) 
    AT rich interactive domain 5A (MRF1-like) 
    AT-hook transcription factor 
    ATPase, aminophospholipid transporter-like, class I, type 8A, member 2 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Basic helix-loop-helix domain containing, class B, 2 
    Basic helix-loop-helix domain containing, class B, 3 
    Basic leucine zipper transcription factor, ATF-like 
    Basic leucine zipper transcription factor, ATF-like 3 
    BCL2-associated athanogene 
    Bone marrow stromal cell antigen 2 
    BRF1 homolog, subunit of RNA polymerase III transcription initiation factor IIIB (S. 
cerevisiae) 
    BTG family, member 3 
    Calcium binding protein 4 
    calcium/calmodulin-dependent protein kinase kinase 2, beta 
    Calmodulin 3 (phosphorylase kinase, delta) 
    Capping protein (actin filament), gelsolin-like 
    Carnitine palmitoyltransferase 1B (muscle) 
    Cas scaffolding protein family member 4 
    Caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase) 
    Caspase 8, apoptosis-related cysteine peptidase 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    CCAAT/enhancer binding protein (C/EBP), delta 
    CD247 molecule 
    CD53 molecule 
    CDK5 regulatory subunit associated protein 3 
    CDP-diacylglycerol synthase (phosphatidate cytidylyltransferase) 1 
    Cell adhesion molecule 1 
    Cell death-inducing DFFA-like effector b 
    Cellular repressor of E1A-stimulated genes 1 
    Centaurin, delta 1 
    Centromere protein F, 350/400ka (mitosin) 
    Chemokine (C-C motif) receptor 1 
    Chemokine (C-C motif) receptor 7 
    Cholinergic receptor, nicotinic, beta 1 (muscle) 
    Chromodomain helicase DNA binding protein 7 
    Chromosome 10 open reading frame 137 
    Chromosome 11 open reading frame 9 
    Chromosome 13 open reading frame 18 
    Chromosome 2 open reading frame 13 
    Chromosome 6 open reading frame 166 
    Chromosome X open reading frame 15 
    Clusterin 
    Cold shock domain protein A 
    Collagen, type IV, alpha 3 (Goodpasture antigen) 
    Colony stimulating factor 1 receptor, formerly McDonough feline sarcoma viral (v-
fms) oncogene homolog 
    Core-binding factor, runt domain, alpha subunit 2; translocated to, 2 
    Corticotropin releasing hormone receptor 1 
    Cullin-associated and neddylation-dissociated 1 
    Cyclin-dependent kinase 2 
    Cyclin-dependent kinase 6 
    Cyclin-dependent kinase 9 
    Cytochrome c, somatic 
    Cytokine inducible SH2-containing protein 
    Dachshund homolog 1 (Drosophila) 
    DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 11 (CHL1-like helicase homolog, 
S. cerevisiae) 
    Diacylglycerol kinase, epsilon 64kDa 
    Dicer 1, ribonuclease type III 
    Dipeptidyl-peptidase 4 (CD26, adenosine deaminase complexing protein 2) 
    DNA-damage-inducible transcript 4 
    Docking protein 2, 56kDa 
    Doublecortin-like kinase 1 
    Dual adaptor of phosphotyrosine and 3-phosphoinositides 
    Dual specificity phosphatase 4 
    E74-like factor 1 (ets domain transcription factor) 
    Early B-cell factor 1 
    Egf-like module containing, mucin-like, hormone receptor-like 2 
    ELK1, member of ETS oncogene family 
    ELK4, ETS-domain protein (SRF accessory protein 1) 
    Elongation protein 2 homolog (S. cerevisiae) 
    Engulfment and cell motility 1 
    Enhancer of zeste homolog 1 (Drosophila) 
    Ets variant gene 6 (TEL oncogene) 
    Eukaryotic translation initiation factor 4E family member 3 

    Ewing sarcoma breakpoint region 1 
    Farnesyltransferase, CAAX box, beta 
    Fas ligand (TNF superfamily, member 6) 
    Fem-1 homolog b (C. elegans) 
    Fibroblast growth factor 9 (glia-activating factor) 
    Forkhead box O1 
    FOS-like antigen 2 
    Friend leukemia virus integration 1 
    Furry homolog (Drosophila) 
    FYVE, RhoGEF and PH domain containing 2 
    FYVE, RhoGEF and PH domain containing 3 
    G protein-coupled receptor 132 
    G protein-coupled receptor 18 
    G protein-coupled receptor kinase interactor 2 
    G-protein signaling modulator 3 (AGS3-like, C. elegans) 
    GA binding protein transcription factor, beta subunit 2 
    GATA binding protein 3 
    General transcription factor II, i 
    Glutamate receptor, ionotrophic, AMPA 4 
    Grainyhead-like 1 (Drosophila) 
    Granzyme B (granzyme 2, cytotoxic T-lymphocyte-associated serine esterase 1) 
    GremLin 2, cysteine knot superfamily, homolog (Xenopus laevis) 
    Growth factor independent 1 transcription repressor 
    Growth factor receptor-bound protein 7 
    Guanine nucleotide binding protein (G protein), beta 5 
    Guanine nucleotide binding protein (G protein), gamma transducing activity 
polypeptide 2 
    H2.0-like homeobox 
    Hairy and enhancer of split 1, (Drosophila) 
    Hairy and enhancer of split 7 (Drosophila) 
    Hairy/enhancer-of-split related with YRPW motif 2 
    Heat shock 70kDa protein 1B 
    Hect domain and RLD 2 
    Helicase, lymphoid-specific 
    Hematopoietic cell-specific Lyn substrate 1 
    Heterogeneous nuclear ribonucleoprotein D (AU-rich element RNA binding protein 
1, 37kDa) 
    Hexamethylene bis-acetamide inducible 1 
    Histone deacetylase 4 
    Homeodomain interacting protein kinase 3 
    HUS1 checkpoint homolog (S. pombe) 
    Hydroxyprostaglandin dehydrogenase 15-(NAD) 
    Hypoxanthine phosphoribosyltransferase 1 (Lesch-Nyhan syndrome) 
    IKAROS family zinc finger 1 (Ikaros) 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Inhibitor of growth family, member 3 
    Inositol 1,4,5-triphosphate receptor, type 1 
    Inositol 1,4,5-triphosphate receptor, type 2 
    Inositol 1,4,5-trisphosphate 3-kinase B 
    Inositol(myo)-1(or 4)-monophosphatase 2 
    Insulin-like growth factor 1 receptor 
    Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon induced transmembrane protein 1 (9-27) 
    Interferon regulatory factor 4 
    Interferon regulatory factor 5 
    interferon regulatory factor 7 
    Interleukin 1 receptor accessory protein 
    interleukin 1 receptor, type I 
    Interleukin 12 receptor, beta 1 
    Interleukin 15 receptor, alpha 
    Interleukin 2 receptor, alpha 
    Interleukin 2 receptor, beta 
    Interleukin 6 receptor 
    Interleukin 7 
    Interleukin-1 receptor-associated kinase 4 
    Iron-responsive element binding protein 2 
    Jumonji domain containing 6 
    Jun B proto-oncogene 
    Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 4 
    Kinase suppressor of ras 1 
    KRIT1, ankyrin repeat containing 
    Kruppel-like factor 11 
    Kruppel-like factor 13 
    Kv channel interacting protein 1 
    l(3)mbt-like (Drosophila) 
    Leucine zipper, putative tumor suppressor 1 
    Linker for activation of T cells family, member 2 
    Loss of heterozygosity, 11, chromosomal region 2, gene A 
    Lymphocyte cytosolic protein 2 (SH2 domain containing leukocyte protein of 
76kDa) 
    Macrophage migration inhibitory factor (glycosylation-inhibiting factor) 
    Mdm2 p53 binding protein homolog (mouse) 
    Mediator complex subunit 26 
    Mediator complex subunit 6 
    Megakaryoblastic leukemia (translocation) 1 
    Mesoderm induction early response 1, family member 3 
    MHC class I polypeptide-related sequence A 
    Minichromosome maintenance complex component 2 
    Minichromosome maintenance complex component 4 
    Minichromosome maintenance complex component 5 
    Mitochondrial translational release factor 1 
    Mitochondrial tumor suppressor 1 
    Mitogen-activated protein kinase 14 
    Mitogen-activated protein kinase kinase kinase 3 
    Mitogen-activated protein kinase kinase kinase 8 
    Mitogen-activated protein kinase-activated protein kinase 2 
    Mortality factor 4 like 1 
    Multiple C2 domains, transmembrane 2 
    Myeloid zinc finger 1 
    Myoneurin 
    Myosin IF 
    N-myc (and STAT) interactor 
    Natural cytotoxicity triggering receptor 1 
    Neurofibromin 1 (neurofibromatosis, von Recklinghausen disease, Watson 
disease) 
    Nicastrin 
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    NLR family, CARD domain containing 3 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear factor (erythroid-derived 2)-like 2 
    Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha 
    Nuclear factor, interleukin 3 regulated 
    Nuclear receptor coactivator 2 
    Nuclear receptor subfamily 1, group H, member 3 
    Nucleolar protein 3 (apoptosis repressor with CARD domain) 
    Oncostatin M 
    One cut homeobox 2 
    Patched homolog 1 (Drosophila) 
    Paternally expressed 3 
    PBX/knotted 1 homeobox 1 
    PC4 and SFRS1 interacting protein 1 
    PDS5, regulator of cohesion maintenance, homolog B (S. cerevisiae) 
    Peptidylprolyl isomerase E (cyclophilin E) 
    Peroxisome proliferator-activated rece 
    PHD finger protein 21A 
    Phosphatidylinositol-5-phosphate 4-kinase, type II, beta 
    Phosphodiesterase 4D, cAMP-specific (phosphodiesterase E3 dunce homolog, 
Drosophila) 
    Phosphoinositide-3-kinase, class 2, beta polypeptide 
    Phospholipase C-like 1 
    Phospholipase C-like 2 
    Phosphoprotein associated with glycosphingolipid microdomains 1 
    Pim-1 oncogene 
    Platelet-derived growth factor alpha polypeptide 
    Pleckstrin and Sec7 domain containing 4 
    Pleckstrin and Sec7 domain containing 4 
    Pleckstrin homology, Sec7 and coiled-coil domains 4 
    Pleckstrin homology, Sec7 and coiled-coil domains, binding protein 
    pogo transposable element with ZNF domain 
    Polycomb group ring finger 5 
    Polymerase (DNA directed), eta 
    Polymerase (RNA) III (DNA directed) polypeptide G (32kD) 
    PR domain containing 15 
    Presenilin 2 (Alzheimer disease 4) 
    Prokineticin 2 
    Proopiomelanocortin (adrenocorticotropin/ beta-lipotropin/ alpha-melanocyte 
stimulating hormone/ beta-melanocyte stimulating 
    Prostaglandin E receptor 3 (subtype EP3) 
    Protein phosphatase 1, regulatory (inhibitor) subunit 14D 
    Protein phosphatase 1, regulatory (inhibitor) subunit 16B 
    Protein tyrosine phosphatase, receptor type, C 
    Putative homeodomain transcription factor 2 
    RAB GTPase activating protein 1 
    RAB20, member RAS oncogene family 
    RAB33A, member RAS oncogene family 
    Rap guanine nucleotide exchange factor (GEF) 4 
    Rap guanine nucleotide exchange factor (GEF) 6 
    RAR-related orphan receptor A 
    RAR-related orphan receptor B 
    Ras association (RalGDS/AF-6) domain family member 5 
    Ras homolog enriched in brain like 1 
    Ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein 
Rac2) 
    RCAN family member 3 
    Receptor tyrosine kinase-like orphan receptor 2 
    Regulator of calcineurin 2 
    Regulator of G-protein signaling 14 
    Regulatory factor X, 2 (influences HLA class II expression) 
    REST corepressor 3 
    Retinoblastoma-like 1 (p107) 
    Retinoic acid receptor, alpha 
    Rho GTPase activating protein 15 
    Rho GTPase activating protein 27 
    Rho GTPase activating protein 30 
    Rho GTPase activating protein 4 
    Rho guanine nucleotide exchange factor (GEF) 7 
    Ribosomal protein S6 kinase, 70kDa, polypeptide 2 
    RING1 and YY1 binding protein 
    RUN and FYVE domain containing 3 
    Runt-related transcription factor 2 
    Runt-related transcription factor 3 
    SCAN domain containing 2 
    Scm-like with four mbt domains 1 
    SCO cytochrome oxidase deficient homolog 2 (yeast) 
    Sel-1 suppressor of lin-12-like (C. elegans) 
    Sema domain, transmembrane domain (TM), and cytoplasmic domain, 
(semaphorin) 6A 
    Serglycin 
    Serine/threonine kinase 3 (STE20 homolog, yeast) 
    SH2 domain containing 3A 
    SH2 domain protein 2A 
    Signal transducer and activator of transcription 3 (acute-phase response factor) 
    Signal transducer and activator of transcription 4 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    Signal-induced proliferation-associated 1 like 2 
    Similar to hCG2044798 
    SIVA1, apoptosis-inducing factor 
    SMAD family member 2 
    Small nuclear ribonucleoprotein 70kDa polypeptide (RNP antigen) 
    Solute carrier family 19 (thiamine transporter), member 2 
    Solute carrier family 26, member 6 
    SP100 nuclear antigen 
    SP110 nuclear body protein 
    Sperm equatorial segment protein 1 
    Sphingosine-1-phosphate receptor 4 
    Strawberry notch homolog 2 (Drosophila) 
    Suppressor of cytokine signaling 1 
    Suppressor of cytokine signaling 3 
    Suppressor of cytokine signaling 4 
    Suppressor of variegation 4-20 homolog 1 (Drosophila) 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily b, member 1 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 

subfamily e, member 1 
    TAF11 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 
28kDa 
    Taste receptor, type 2, member 39 
    Taste receptor, type 2, member 45 
    TATA box binding protein (TBP)-associated factor, RNA polymerase I, B, 63kDa 
    Teashirt zinc finger homeobox 2 
    Thymidylate synthetase 
    Thyroid hormone receptor associated protein 3 
    TNF receptor-associated factor 5 
    TNFRSF1A-associated via death domain 
    Toll-like receptor 1 
    TRAF-interacting protein with forkhead-associated domain 
    TRAF2 and NCK interacting kinase 
    Transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha) 
    Transcription termination factor, RNA polymerase II 
    Transcriptional adaptor 2 (ADA2 homolog, yeast)-beta 
    Transducer of ERBB2, 1 
    Transducin-like enhancer of split 3 (E(sp1) homolog, Drosophila) 
    Transducin-like enhancer of split 3 (E(sp1) homolog, Drosophila) 
    tripartite motif-containing 13 
    Tripartite motif-containing 22 
    Tumor necrosis factor (ligand) superfamily, member 10 
    Tumor necrosis factor (TNF superfamily, member 2) 
    Tumor necrosis factor receptor superfamily, member 8 
    Tumor protein p53 
    Tumor protein p53 binding protein 1 
    Tumor protein p63 
    UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 1 
    V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 
    V-myb myeloblastosis viral oncogene homolog (avian)-like 2 
    V-yes-1 Yamaguchi sarcoma viral related oncogene homolog 
    Vav 1 guanine nucleotide exchange factor 
    Vitamin D (1,25- dihydroxyvitamin D3) receptor 
    WNK lysine deficient protein kinase 1 
    X-ray repair complementing defective repair in Chinese hamster cells 6 (Ku 
autoantigen, 70kDa) 
    YY1 associated factor 2 
    Zeta-chain (TCR) associated protein kinase 70kDa 
    Zinc finger and BTB domain containing 26 
    Zinc finger and BTB domain containing 32 
    Zinc finger and BTB domain containing 33 
    Zinc finger and BTB domain containing 43 
    Zinc finger and BTB domain containing 44 
    Zinc finger and BTB domain containing 46 
    Zinc finger and BTB domain containing 7A 
    zinc finger and SCAN domain containing 12 
    Zinc finger E-box binding homeobox 2 
    Zinc finger protein 101 
    Zinc finger protein 107 
    Zinc finger protein 161 homolog (mouse) 
    Zinc finger protein 202 
    Zinc finger protein 207 
    Zinc finger protein 22 (KOX 15) 
    Zinc finger protein 273 
    Zinc finger protein 276 
    Zinc finger protein 277 
    Zinc finger protein 302 
    Zinc finger protein 36, C3H type, homolog (mouse) 
    Zinc finger protein 41 
    Zinc finger protein 460 
    Zinc finger protein 496 
    Zinc finger protein 513 
    Zinc finger protein 563 
    Zinc finger protein 621 
    Zinc finger protein 641 
    Zinc finger protein 652 
    Zinc finger protein 692 
    Zinc finger protein 785 
    Zinc finger protein, X-linked 
    Zinc finger, AN1-type domain 6 
    Zinc finger, DHHC-type containing 13 
    Zinc fingers and homeoboxes 2 
    ZXD family zinc finger C 

 
Response to stimulus (z-score 2.52) 
 
 
Regulation of response to stimulus (z-score 3.17) 
 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Cell adhesion molecule 1 
    Clusterin 
    Coagulation factor XII (Hageman factor) 
    Complement factor I 
    Cytochrome P450, family 4, subfamily V, polypeptide 2 
    E74-like factor 1 (ets domain transcription factor) 
    Endoplasmic reticulum aminopeptidase 1 
    H2.0-like homeobox 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon regulatory factor 4 
    Interleukin 6 receptor 
    Linker for activation of T cells family, member 2 
    MHC class I polypeptide-related sequence A 
    Myosin IF 
    Natural cytotoxicity triggering receptor 1 
    Oncostatin M 
    Oncostatin M 
    Platelet-derived growth factor alpha polypeptide 
    Polymerase (DNA directed), eta 
    Protein tyrosine phosphatase, receptor type, C 
    Retinoic acid receptor, alpha 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    Strawberry notch homolog 2 (Drosophila) 
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    Tumor necrosis factor (TNF superfamily, member 2) 
    Zinc finger protein 36, C3H type, homolog (mouse) 

 
Negative regulation of biological process (z-score 
4.33) 
 
 
Negative regulation of cellular process (z-score 4.31) 
 
    5'-3' exoribonuclease 1 
    Adrenergic, beta, receptor kinase 1 
    AT rich interactive domain 5A (MRF1-like) 
    ATPase, aminophospholipid transporter-like, class I, type 8A, member 2 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Basic helix-loop-helix domain containing, class B, 2 
    BCL2-associated athanogene 
    BTG family, member 3 
    Capping protein (actin filament), gelsolin-like 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    Cell adhesion molecule 1 
    Centromere protein F, 350/400ka (mitosin) 
    Chromosome X open reading frame 15 
    Clusterin 
    Cold shock domain protein A 
    Collagen, type IV, alpha 3 (Goodpasture antigen) 
    Core-binding factor, runt domain, alpha subunit 2; translocated to, 2 
    Cyclin-dependent kinase 6 
    Cytokine inducible SH2-containing protein 
    Dicer 1, ribonuclease type III 
    DNA-damage-inducible transcript 4 
    E74-like factor 1 (ets domain transcription factor) 
    Farnesyltransferase, CAAX box, beta 
    Fibroblast growth factor 9 (glia-activating factor) 
    Forkhead box O1 
    Growth factor independent 1 transcription repressor 
    H2.0-like homeobox 
    Hairy and enhancer of split 1, (Drosophila) 
    Hairy and enhancer of split 7 (Drosophila) 
    Hairy/enhancer-of-split related with YRPW motif 2 
    Heat shock 70kDa protein 1B 
    Helicase, lymphoid-specific 
    Hexamethylene bis-acetamide inducible 1 
    Histone deacetylase 4 
    Homeodomain interacting protein kinase 3 
    HUS1 checkpoint homolog (S. pombe) 
    Hydroxyprostaglandin dehydrogenase 15-(NAD) 
    IKAROS family zinc finger 1 (Ikaros) 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Insulin-like growth factor 1 receptor 
    Interferon induced transmembrane protein 1 (9-27) 
    interferon regulatory factor 7 
    Interleukin 2 receptor, beta 
    Interleukin 6 receptor 
    Interleukin 7 
    Kruppel-like factor 11 
    Leucine zipper, putative tumor suppressor 1 
    Loss of heterozygosity, 11, chromosomal region 2, gene A 
    Macrophage migration inhibitory factor (glycosylation-inhibiting factor) 
    Mdm2 p53 binding protein homolog (mouse) 
    Megakaryoblastic leukemia (translocation) 1 
    Mitochondrial tumor suppressor 1 
    Myosin IF 
    Neurofibromin 1 (neurofibromatosis, von Recklinghausen disease, Watson 
disease) 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha 
    Nuclear receptor coactivator 2 
    Nucleolar protein 3 (apoptosis repressor with CARD domain) 
    Oncostatin M 
    One cut homeobox 2 
    Patched homolog 1 (Drosophila) 
    PDS5, regulator of cohesion maintenance, homolog B (S. cerevisiae) 
    PHD finger protein 21A 
    Phosphoprotein associated with glycosphingolipid microdomains 1 
    Pim-1 oncogene 
    Platelet-derived growth factor alpha polypeptide 
    Prokineticin 2 
    Protein tyrosine phosphatase, receptor type, C 
    Ras association (RalGDS/AF-6) domain family member 5 
    Ras association (RalGDS/AF-6) domain family member 5 
    Regulator of G-protein signaling 14 
    Retinoblastoma-like 1 (p107) 
    RING1 and YY1 binding protein 
    RUN and FYVE domain containing 3 
    Runt-related transcription factor 2 
    Runt-related transcription factor 3 
    Signal transducer and activator of transcription 3 (acute-phase response factor) 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    SMAD family member 2 
    SP100 nuclear antigen 
    Strawberry notch homolog 2 (Drosophila) 
    Suppressor of cytokine signaling 1 
    Suppressor of cytokine signaling 3 
    Suppressor of cytokine signaling 4 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily b, member 1 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily e, member 1 
    Transducer of ERBB2, 1 
    tripartite motif-containing 13 
    Tumor necrosis factor (TNF superfamily, member 2) 
    Tumor necrosis factor receptor superfamily, member 8 

    Tumor protein p53 
    Tumor protein p63 
    ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast) 
    UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 1 
    V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 
    Vitamin D (1,25- dihydroxyvitamin D3) receptor 
    YY1 associated factor 2 
    Zinc finger and BTB domain containing 32 
    Zinc finger and BTB domain containing 7A 
    Zinc finger E-box binding homeobox 2 
    Zinc finger protein 161 homolog (mouse) 
    Zinc finger protein 202 
    Zinc finger protein 36, C3H type, homolog (mouse) 
    Zinc finger protein 496 
    Zinc fingers and homeoboxes 2 

 
Immune system process (z-score 8.69) 
 
 
Immune response (z-score 7.5) 
 
    Aquaporin 9 
    ATP-binding cassette, sub-family C (CFTR/MRP), member 9 
    ATPase, H+ transporting, lysosomal V0 subunit a2 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Bone marrow stromal cell antigen 2 
    Cathepsin S 
    CD300c molecule 
    Cell adhesion molecule 1 
    Chemokine (C-C motif) receptor 1 
    Chromosome 6 open reading frame 166 
    Clusterin 
    Coagulation factor XII (Hageman factor) 
    Complement component 1, q subcomponent binding protein 
    Complement factor I 
    Corticotropin releasing hormone receptor 1 
    Cytochrome b-245, alpha polypeptide 
    E74-like factor 1 (ets domain transcription factor) 
    Endoplasmic reticulum aminopeptidase 1 
    Enhancer of polycomb homolog 1 (Drosophila) 
    Fas ligand (TNF superfamily, member 6) 
    G-protein signaling modulator 3 (AGS3-like, C. elegans) 
    GTP cyclohydrolase 1 (dopa-responsive dystonia) 
    Guanylate binding protein 2, interferon-inducible 
    H2.0-like homeobox 
    Insulin-like growth factor 1 receptor 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon induced transmembrane protein 3 (1-8U) 
    Interferon regulatory factor 4 
    interferon regulatory factor 7 
    Interferon-induced protein 35 
    Interleukin 1 receptor accessory protein 
    interleukin 1 receptor, type I 
    Interleukin 2 receptor, alpha 
    Interleukin 26 
    Interleukin 32 
    Interleukin 6 receptor 
    Interleukin 7 
    Killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 1 
    Killer cell immunoglobulin-like receptor, two domains, short cytoplasmic tail, 3 
    Leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 5 
    Leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), 
member 1 
    Leukocyte-associated immunoglobulin-like receptor 1 
    Linker for activation of T cells family, member 2 
    Lymphocyte antigen 75 
    Lymphocyte cytosolic protein 2 (SH2 domain containing leukocyte protein of 
76kDa) 
    Major histocompatibility complex, class I, C 
    Major histocompatibility complex, class I-related 
    MHC class I polypeptide-related sequence A 
    Myosin IF 
    Natural cytotoxicity triggering receptor 1 
    Neutrophil cytosolic factor 4, 40kDa 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear factor, interleukin 3 regulated 
    Oncostatin M 
    Phosphoprotein associated with glycosphingolipid microdomains 1 
    Proteasome (prosome, macropain) subunit, beta type, 10 
    Proteasome (prosome, macropain) subunit, beta type, 8 (large multifunctional 
peptidase 7) 
    Proteasome (prosome, macropain) subunit, beta type, 9 (large multifunctional 
peptidase 2) 
    Protein tyrosine phosphatase, receptor type, C 
    Retinoic acid receptor, alpha 
    Ring finger protein 125 
    SAM domain and HD domain 1 
    SP100 nuclear antigen 
    Sphingosine-1-phosphate receptor 4 
    Strawberry notch homolog 2 (Drosophila) 
    Toll-like receptor 1 
    Transmembrane protein 173 
    Tripartite motif-containing 22 
    Tumor necrosis factor (ligand) superfamily, member 10 
    Tumor necrosis factor (TNF superfamily, member 2) 
    UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-
acetylgalactosaminyltransferase 2 (GalNAc-T2) 
    Vav 1 guanine nucleotide exchange factor 
    Wiskott-Aldrich syndrome (eczema-thrombocytopenia) 
    Zeta-chain (TCR) associated protein kinase 70kDa 
 
 
Leukocyte activation (z-score 5.34) 
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    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Bone marrow stromal cell antigen 2 
    CD93 molecule 
    Cell adhesion molecule 1 
    Chromodomain helicase DNA binding protein 7 
    Dipeptidyl-peptidase 4 (CD26, adenosine deaminase complexing protein 2) 
    Enhancer of polycomb homolog 1 (Drosophila) 
    H2.0-like homeobox 
    Helicase, lymphoid-specific 
    Histone deacetylase 4 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon regulatory factor 4 
    Interleukin 21 receptor 
    Interleukin 7 
    Jumonji domain containing 6 
    Linker for activation of T cells family, member 2 
    Lymphocyte cytosolic protein 2 (SH2 domain containing leukocyte protein of 
76kDa) 
    Macrophage migration inhibitory factor (glycosylation-inhibiting factor) 
    MHC class I polypeptide-related sequence A 
    Myosin IF 
    Natural cytotoxicity triggering receptor 1 
    NLR family, CARD domain containing 3 
    PBX/knotted 1 homeobox 1 
    Phosphoprotein associated with glycosphingolipid microdomains 1 
    Protein tyrosine phosphatase, receptor type, C 
    Retinoic acid receptor, alpha 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    Strawberry notch homolog 2 (Drosophila) 
    Toll-like receptor 1 
    Tumor protein p53 
    Wiskott-Aldrich syndrome (eczema-thrombocytopenia) 
    Zeta-chain (TCR) associated protein kinase 70kDa 
 
 
Regulation of immune system (z-score 3.81) 
 
   Aquaporin 3 (Gill blood group) 
    Aryl hydrocarbon receptor nuclear translocator 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Cell adhesion molecule 1 
    Clusterin 
    Complement factor I 
    Cyclin-dependent kinase 6 
    E74-like factor 1 (ets domain transcription factor) 
    Endoplasmic reticulum aminopeptidase 1 
    H2.0-like homeobox 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon regulatory factor 4 
    Interleukin 6 receptor 
    Interleukin 7 
    Linker for activation of T cells family, member 2 
    Macrophage migration inhibitory factor (glycosylation-inhibiting factor) 
    MHC class I polypeptide-related sequence A 
    Myosin IF 
    Natural cytotoxicity triggering receptor 1 
    Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha 
    Phosphoprotein associated with glycosphingolipid microdomains 1 
    Protein tyrosine phosphatase, receptor type, C 
    Retinoic acid receptor, alpha 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    Tumor necrosis factor (TNF superfamily, member 2) 
    Zeta-chain (TCR) associated protein kinase 70kDa 
    Zinc finger protein 36, C3H type, homolog (mouse) 
 
 
Immune system development (z-score 2.91) 
 
    Aryl hydrocarbon receptor nuclear translocator 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Chromodomain helicase DNA binding protein 7 
    Cyclin-dependent kinase 6 
    Fucosyltransferase 10 (alpha (1,3) fucosyltransferase) 
    H2.0-like homeobox 
    Hematopoietic cell-specific Lyn substrate 1 
    Histone deacetylase 4 
    IKAROS family zinc finger 1 (Ikaros) 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Interferon regulatory factor 4 
    Interleukin 7 
    Jumonji domain containing 6 
    Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha 
    PBX/knotted 1 homeobox 1 
    Protein tyrosine phosphatase, receptor type, C 
    Retinoic acid receptor, alpha 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    Tumor necrosis factor (TNF superfamily, member 2) 
    Tumor protein p53 
    V-yes-1 Yamaguchi sarcoma viral related oncogene homolog 
    X-ray repair complementing defective repair in Chinese hamster cells 6 (Ku 
autoantigen, 70kDa) 
    Zeta-chain (TCR) associated protein kinase 70kDa 
    Zinc finger protein 36, C3H type, homolog (mouse) 
 
 
Immune effector process (z-score 2.02) 
 
    ATP-binding cassette, sub-family C (CFTR/MRP), member 9 
    B-cell CLL/lymphoma 3 

    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Cell adhesion molecule 1 
    Clusterin 
    Complement factor I 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    interferon regulatory factor 7 
    Linker for activation of T cells family, member 2 
    MHC class I polypeptide-related sequence A 
    Myosin IF 
    Natural cytotoxicity triggering receptor 1 
    Protein tyrosine phosphatase, receptor type, C 
    Tumor necrosis factor (TNF superfamily, member 2) 
    UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-
acetylgalactosaminyltransferase 2 (GalNAc-T2) 
 
 
Antigen processing and presentation (z-score 3.34) 
 
    Cathepsin E 
    Endoplasmic reticulum aminopeptidase 1 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon, gamma-inducible protein 30 
    Major histocompatibility complex, class I, C 
    Major histocompatibility complex, class I, G 
    Major histocompatibility complex, class I-related 
    MHC class I polypeptide-related sequence A 
    TAP binding protein-like 

 
Positive regulation of biological process (z-score 
2.67) 
 
 
Positive regulation of cellular process (z-score 2.30) 
 
    Aryl hydrocarbon receptor nuclear translocator 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Bone marrow stromal cell antigen 2 
    BRF1 homolog, subunit of RNA polymerase III transcription initiation factor IIIB (S. 
cerevisiae) 
    calcium/calmodulin-dependent protein kinase kinase 2, beta 
    Caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase) 
    Caspase 8, apoptosis-related cysteine peptidase 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    Cell adhesion molecule 1 
    Cell death-inducing DFFA-like effector b 
    Clusterin 
    Coagulation factor XII (Hageman factor) 
    Collagen, type IV, alpha 3 (Goodpasture antigen) 
    Cullin-associated and neddylation-dissociated 1 
    Cyclin-dependent kinase 2 
    Cyclin-dependent kinase 6 
    DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 11 (CHL1-like helicase homolog, 
S. cerevisiae) 
    E74-like factor 1 (ets domain transcription factor) 
    Early B-cell factor 1 
    ELK1, member of ETS oncogene family 
    Farnesyltransferase, CAAX box, beta 
    Fas ligand (TNF superfamily, member 6) 
    Fem-1 homolog b (C. elegans) 
    Fibroblast growth factor 9 (glia-activating factor) 
    Forkhead box O1 
    Growth factor independent 1 transcription repressor 
    H2.0-like homeobox 
    Hairy and enhancer of split 1, (Drosophila) 
    Hematopoietic cell-specific Lyn substrate 1 
    Hypoxanthine phosphoribosyltransferase 1 (Lesch-Nyhan syndrome) 
    IKAROS family zinc finger 1 (Ikaros) 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Insulin-like growth factor 1 receptor 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon regulatory factor 4 
    Interleukin 12 receptor, beta 1 
    Interleukin 6 receptor 
    Interleukin 7 
    Jun B proto-oncogene 
    Kruppel-like factor 13 
    Mediator complex subunit 6 
    Megakaryoblastic leukemia (translocation) 1 
    Mitogen-activated protein kinase kinase kinase 3 
    Myosin IF 
    Natural cytotoxicity triggering receptor 1 
    Neurofibromin 1 (neurofibromatosis, von Recklinghausen disease, Watson 
disease) 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear factor (erythroid-derived 2)-like 2 
    Nuclear receptor coactivator 2 
    Oncostatin M 
    One cut homeobox 2 
    PBX/knotted 1 homeobox 1 
    Peroxisome proliferator-activated receptor alpha 
    Platelet-derived growth factor alpha polypeptide 
    Protein tyrosine phosphatase, receptor type, C 
    RAR-related orphan receptor A 
    RAR-related orphan receptor B 
    Ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein 
Rac2) 
    Retinoic acid receptor, alpha 
    Runt-related transcription factor 3 
    Serine/threonine kinase 3 (STE20 homolog, yeast) 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    SIVA1, apoptosis-inducing factor 
    SMAD family member 2 
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    SP100 nuclear antigen 
    Sperm equatorial segment protein 1 
    Suppressor of cytokine signaling 3 
    Thyroid hormone receptor associated protein 3 
    TNF receptor-associated factor 5 
    TNFRSF1A-associated via death domain 
    Toll-like receptor 1 
    tripartite motif-containing 13 
    Tumor necrosis factor (ligand) superfamily, member 10 
    Tumor necrosis factor (TNF superfamily, member 2) 
    Tumor necrosis factor receptor superfamily, member 8 
    Tumor protein p53 
    Tumor protein p53 binding protein 1 
    Tumor protein p63 
    UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 1 
    V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 
    V-yes-1 Yamaguchi sarcoma viral related oncogene homolog 
    Vav 1 guanine nucleotide exchange factor 
    X-ray repair complementing defective repair in Chinese hamster cells 6 (Ku 
autoantigen, 70kDa) 
    YY1 associated factor 2 
    Zeta-chain (TCR) associated protein kinase 70kDa 
    Zinc finger E-box binding homeobox 2 
    Zinc finger, DHHC-type containing 13 
 
 
Positive regulation of multicellular organismal process (z-score 2.69) 
 
    Aryl hydrocarbon receptor nuclear translocator 
    B-cell CLL/lymphoma 3 
    Chromodomain helicase DNA binding protein 7 
    Coagulation factor XII (Hageman factor) 
    Fibroblast growth factor 9 (glia-activating factor) 
    IKAROS family zinc finger 1 (Ikaros) 
    Interleukin 6 receptor 
    Prokineticin 2 
    Retinoic acid receptor, alpha 
    Runt-related transcription factor 2 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    TNFRSF1A-associated via death domain 
    Tumor necrosis factor (TNF superfamily, member 2) 
    UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 1 

 
Multiorganism Process (z-score 2.18) 
 
 
Interspecies interaction between organisms (z-score 2.50) 
 
    CD247 molecule 
    CD93 molecule 
    Chromosome 9 open reading frame 156 
    Complement component 1, q subcomponent binding protein 
    Coxsackie virus and adenovirus receptor 
    DEAD (Asp-Glu-Ala-Asp) box polypeptide 3, X-linked 
    Eukaryotic translation initiation factor 3, subunit M 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interleukin 2 receptor, beta 
    Major histocompatibility complex, class I, C 
    Mdm2 p53 binding protein homolog (mouse) 
    Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha 
    PC4 and SFRS1 interacting protein 1 
    Perforin 1 (pore forming protein) 
    Signal transducer and activator of transcription 3 (acute-phase response factor) 
    SIVA1, apoptosis-inducing factor 
    SP110 nuclear body protein 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily b, member 1 
    Tumor protein p53 
    ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast) 
    Uridine-cytidine kinase 1-like 1 
    V-yes-1 Yamaguchi sarcoma viral related oncogene homolog 
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Table A-VI.2 List of GO terms (Molecular process) with 3-fold upregulated genes in 
CD30 expressing cells compared to CD30 non-expressing cells. Listed are subcategories 
that were rated as significantly overrepresented in the list of upregulated genes with z-
scores >2.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Appendix 

 237 

 
Molecular transducer activity (z-score 2.03) 
 
 
Signal transducer activity (z-score 2.03) 
 
    A kinase (PRKA) anchor protein 10 
    ADP-ribosylation factor 1 
    Adrenergic, beta, receptor kinase 1 
    Anaplastic lymphoma receptor tyrosine kinase 
    Aryl hydrocarbon receptor interacting protein 
    Aryl hydrocarbon receptor nuclear translocator 
    ATP-binding cassette, sub-family C (CFTR/MRP), member 9 
    BCL2-associated athanogene 
    Bone marrow stromal cell antigen 2 
    Cas scaffolding protein family member 4 
    CD247 molecule 
    CD300c molecule 
    CD93 molecule 
    Chemokine (C-C motif) receptor 1 
    Chemokine (C-C motif) receptor 7 
    Cholinergic receptor, nicotinic, beta 1 (muscle) 
    Chromosome 2 open reading frame 13 
    Colony stimulating factor 1 receptor, formerly McDonough feline sarcoma viral (v-
fms) oncogene homolog 
    Complement factor I 
    Corticotropin releasing hormone receptor 1 
    Coxsackie virus and adenovirus receptor 
    Docking protein 2, 56kDa 
    Doublecortin-like kinase 1 
    Egf-like module containing, mucin-like, hormone receptor-like 2 
    Fc receptor-like A 
    Feline leukemia virus subgroup C cellular receptor 1 
    G protein-coupled receptor 132 
    G protein-coupled receptor 18 
    Glutamate receptor, ionotrophic, AMPA 4 
    Growth factor receptor-bound protein 7 
    Guanine nucleotide binding protein (G protein), beta 5 
    Guanine nucleotide binding protein (G protein), gamma transducing activity 
polypeptide 2 
    Hydroxyprostaglandin dehydrogenase 15-(NAD) 
    Inositol 1,4,5-triphosphate receptor, type 1 
    Inositol 1,4,5-triphosphate receptor, type 2 
    Insulin-like growth factor 1 receptor 
    Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 receptor) 
    Intercellular adhesion molecule 1 (CD54), human rhinovirus receptor 
    Interferon induced transmembrane protein 1 (9-27) 
    Interleukin 1 receptor accessory protein 
    interleukin 1 receptor, type I 
    Interleukin 1 receptor, type II 
    Interleukin 12 receptor, beta 1 
    Interleukin 15 receptor, alpha 
    Interleukin 2 receptor, alpha 
    Interleukin 2 receptor, beta 
    Interleukin 21 receptor 
    Interleukin 6 receptor 
    Interleukin-1 receptor-associated kinase 4 
    Janus kinase 3 (a protein tyrosine kinase, leukocyte) 
    Killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 1 
    Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 4 
    Killer cell immunoglobulin-like receptor, two domains, long cytoplasmic tail, 5B 
    Killer cell immunoglobulin-like receptor, two domains, short cytoplasmic tail, 1 
    Killer cell immunoglobulin-like receptor, two domains, short cytoplasmic tail, 3 
    Leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 5 
    Leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), 
member 1 
    leukocyte-associated immunoglobulin-like receptor 1 
    Leukocyte-associated immunoglobulin-like receptor 2 
    Low density lipoprotein-related protein 2 
    Lymphocyte antigen 75 
    Major histocompatibility complex, class I, C 
    Mitogen-activated protein kinase 14 
    Mitogen-activated protein kinase kinase kinase 3 
    Mitogen-activated protein kinase kinase kinase 8 
    Mitogen-activated protein kinase-activated protein kinase 2 
    Natural cytotoxicity triggering receptor 1 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear receptor coactivator 2 
    Nuclear receptor subfamily 1, group H, member 3 
    Patched homolog 1 (Drosophila) 
    Peroxisome proliferator-activated receptor alpha 
    Phosphatidylinositol-5-phosphate 4-kinase, type II, beta 
    Phosphoinositide-3-kinase adaptor protein 1 
    Phospholipase C-like 1 
    Phospholipase C-like 2 
    Phosphoprotein associated with glycosphingolipid microdomains 1 
    Prostaglandin E receptor 3 (subtype EP3) 
    Protease, serine, 7 (enterokinase) 
    Protein tyrosine phosphatase, receptor type, C 
    Protein tyrosine phosphatase, receptor type, E 
    Protein tyrosine phosphatase, receptor type, N polypeptide 2 
    RAR-related orphan receptor A 
    RAR-related orphan receptor B 
    Receptor tyrosine kinase-like orphan receptor 2 
    Regulator of G-protein signaling 14 
    Retinoic acid receptor, alpha 
    Rho GTPase activating protein 4 
    Sema domain, transmembrane domain (TM), and cytoplasmic domain, 
(semaphorin) 6A 
    SH2 domain containing 3A 
    SH2 domain protein 1A, Duncan's disease (lymphoproliferative syndrome) 
    SH2 domain protein 2A 
    Signal recognition particle receptor, B subunit 
    Signal transducer and activator of transcription 3 (acute-phase response factor) 
    Signal transducer and activator of transcription 4 

    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    SIVA1, apoptosis-inducing factor 
    Solute carrier family 26, member 6 
    Sortilin-related receptor, L(DLR class) A repeats-containing 
    SP110 nuclear body protein 
    Sphingosine-1-phosphate receptor 4 
    Taste receptor, type 2, member 39 
    Taste receptor, type 2, member 45 
    Thyroid hormone receptor associated protein 3 
    TNF receptor-associated factor 5 
    TNFRSF1A-associated via death domain 
    Toll-like receptor 1 
    Transducer of ERBB2, 1 
    tripartite motif-containing 13 
    Tumor necrosis factor receptor superfamily, member 8 
    V-yes-1 Yamaguchi sarcoma viral related oncogene homolog 
    Vitamin D (1,25- dihydroxyvitamin D3) receptor 
    Zinc finger protein 277 
    Zinc finger, DHHC-type containing 13 

 
Transcription regulator activity (z-score 4.87) 
 
 
Transcription factory activity (z-score 4.30) 
 
    Activating transcription factor 3 
    Aryl hydrocarbon receptor nuclear translocator 
    AT rich interactive domain 3A (BRIGHT-like) 
    B-cell CLL/lymphoma 3 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Basic helix-loop-helix domain containing, class B, 2 
    Basic helix-loop-helix domain containing, class B, 3 
    Basic leucine zipper transcription factor, ATF-like 
    Basic leucine zipper transcription factor, ATF-like 3 
    BRF1 homolog, subunit of RNA polymerase III transcription initiation factor IIIB (S. 
cerevisiae) 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    CCAAT/enhancer binding protein (C/EBP), delta 
    Chromosome 11 open reading frame 9 
    Cold shock domain protein A 
    Core-binding factor, runt domain, alpha subunit 2; translocated to, 2 
    E74-like factor 1 (ets domain transcription factor) 
    Early B-cell factor 1 
    ELK1, member of ETS oncogene family 
    ELK4, ETS-domain protein (SRF accessory protein 1) 
    Ets variant gene 6 (TEL oncogene) 
    Ewing sarcoma breakpoint region 1 
    forkhead box J2 
    Forkhead box O1 
    FOS-like antigen 2 
    Friend leukemia virus integration 1 
    GA binding protein transcription factor, beta subunit 2 
    GATA binding protein 3 
    General transcription factor II, i 
    H2.0-like homeobox 
    Hairy/enhancer-of-split related with YRPW motif 2 
    Hematopoietic cell-specific Lyn substrate 1 
    IKAROS family zinc finger 1 (Ikaros) 
    Interferon regulatory factor 4 
    Interferon regulatory factor 5 
    interferon regulatory factor 7 
    Jun B proto-oncogene 
    Kruppel-like factor 11 
    l(3)mbt-like (Drosophila) 
    Leucine zipper, putative tumor suppressor 1 
    Myeloid zinc finger 1 
    Myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, Drosophila); 
translocated to, 10 
    Myoneurin 
    Notch homolog 1, translocation-associated (Drosophila) 
    Nuclear factor (erythroid-derived 2)-like 2 
    Nuclear factor, interleukin 3 regulated 
    Nuclear receptor subfamily 1, group H, member 3 
    One cut homeobox 2 
    Paternally expressed 3 
    PBX/knotted 1 homeobox 1 
    Peroxisome proliferator-activated receptor alpha 
    RAR-related orphan receptor A 
    RAR-related orphan receptor B 
    Retinoic acid receptor, alpha 
    Runt-related transcription factor 2 
    Runt-related transcription factor 3 
    SCAN domain containing 2 
    Signal transducer and activator of transcription 3 (acute-phase response factor) 
    Signal transducer and activator of transcription 4 
    Signal transducer and activator of transcription 5A 
    Signal transducer and activator of transcription 5B 
    SMAD family member 2 
    SP140 nuclear body protein 
    TATA box binding protein (TBP)-associated factor, RNA polymerase I, B, 63kDa 
    Teashirt zinc finger homeobox 2 
    Transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha) 
    Tripartite motif-containing 22 
    Tumor protein p53 
    Tumor protein p63 
    V-myb myeloblastosis viral oncogene homolog (avian)-like 2 
    Vav 1 guanine nucleotide exchange factor 
    Vitamin D (1,25- dihydroxyvitamin D3) receptor 
    zinc finger and SCAN domain containing 12 
    Zinc finger E-box binding homeobox 2 
    Zinc finger protein 202 
    Zinc finger protein 207 
    Zinc finger protein 277 
    Zinc finger protein 41 
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    Zinc finger protein 496 
    Zinc fingers and homeoboxes 2 
 
 
Transcription repressor activity (z-score 4.56) 
 
    Activating transcription factor 3 
    AT rich interactive domain 5A (MRF1-like) 
    B-cell CLL/lymphoma 6 (zinc finger protein 51) 
    Basic helix-loop-helix domain containing, class B, 2 
    Basic leucine zipper transcription factor, ATF-like 3 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    Cellular repressor of E1A-stimulated genes 1 
    Chromosome X open reading frame 15 
    Cold shock domain protein A 
    Core-binding factor, runt domain, alpha subunit 2; translocated to, 2 
    E74-like factor 1 (ets domain transcription factor) 
    Hairy and enhancer of split 1, (Drosophila) 
    Hairy and enhancer of split 7 (Drosophila) 
    Hexamethylene bis-acetamide inducible 1 
    Histone deacetylase 4 
    IKAROS family zinc finger 1 (Ikaros) 
    Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
    Jun B proto-oncogene 
    Nuclear factor, interleukin 3 regulated 
    Nuclear receptor coactivator 2 
    RING1 and YY1 binding protein 
    SP100 nuclear antigen 
    Strawberry notch homolog 2 (Drosophila) 
    Transducer of ERBB2, 1 
    Tripartite motif-containing 22 
    Tumor protein p63 
    ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast) 
    YY1 associated factor 2 
    Zinc finger and BTB domain containing 32 
    Zinc finger and BTB domain containing 7A 
 
 
Transcription activator activity (z-score 2.75) 
 
    Aryl hydrocarbon receptor interacting protein 
    Aryl hydrocarbon receptor nuclear translocator 
    BRF1 homolog, subunit of RNA polymerase III transcription initiation factor IIIB (S. 
cerevisiae) 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    Cullin-associated and neddylation-dissociated 1 
    E74-like factor 1 (ets domain transcription factor) 
    ELK1, member of ETS oncogene family 
    Forkhead box O1 
    Heterogeneous nuclear ribonucleoprotein D (AU-rich element RNA binding protein 
1, 37kDa) 
    Interferon regulatory factor 4 
    Jun B proto-oncogene 
    Mediator complex subunit 26 
    Mediator complex subunit 6 
    Megakaryoblastic leukemia (translocation) 1 
    Nuclear factor (erythroid-derived 2)-like 2 
    Nuclear receptor coactivator 2 
    Nuclear receptor subfamily 1, group H, member 3 
    Peroxisome proliferator-activated receptor alpha 
    Retinoic acid receptor, alpha 
    Runt-related transcription factor 2 
    SMAD family member 2 
    SP100 nuclear antigen 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily e, member 1 
    Thyroid hormone receptor associated protein 3 
    Transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha) 
    Tumor protein p53 binding protein 1 
    Tumor protein p63 
    YY1 associated factor 2 
    Zinc finger protein, X-linked 
 
 
Transcription cofactor activity (z-score 2.68) 
 
    Activating transcription factor 3 
    Aryl hydrocarbon receptor interacting protein 
    Aryl hydrocarbon receptor nuclear translocator 
    Basic leucine zipper transcription factor, ATF-like 3 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 2 
    Cellular repressor of E1A-stimulated genes 1 
    Cold shock domain protein A 
    Core-binding factor, runt domain, alpha subunit 2; translocated to, 2 
    ELK4, ETS-domain protein (SRF accessory protein 1) 
    Jun B proto-oncogene 
    Mediator complex subunit 26 
    Mediator complex subunit 6 
    Megakaryoblastic leukemia (translocation) 1 
    N-myc (and STAT) interactor 
    Nuclear factor, interleukin 3 regulated 
    Nuclear receptor coactivator 2 
    Nuclear receptor subfamily 1, group H, member 3 
    Retinoic acid receptor, alpha 
    RING1 and YY1 binding protein 
    SP100 nuclear antigen 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily e, member 1 
    Thyroid hormone receptor associated protein 3 
    Transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha) 
    Transducer of ERBB2, 1 
    Tripartite motif-containing 22 
    YY1 associated factor 2 
    Zinc finger and BTB domain containing 32 
    Zinc finger protein, X-linked 
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Table A-VI.3 List of GO terms (Biological process) with 3-fold downregulated genes 
in CD30 expressing cells compared to CD30 non-expressing cells. Listed are 
subcategories that were rated as significantly overrepresented in the list of downregulated 
genes with z-scores >2.   
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Biological regulation (z-score 5.88) 
 
 
Regulation of biological quality (z-score 4.39) 
 
    2,3-bisphosphoglycerate mutase 
    Actin related protein 2/3 complex, subunit 1A, 41kDa 
    Adrenergic, alpha-1B-, receptor 
    Adrenomedullin 
    Aldehyde dehydrogenase 1 family, member A3 
    Amyloid beta (A4) precursor protein (peptidase nexin-II, Alzheimer disease) 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiotensin II receptor, type 1 
    Ankyrin 3, node of Ranvier (ankyrin G) 
    ATP-binding cassette, sub-family A (ABC1), member 1 
    ATP-binding cassette, sub-family B (MDR/TAP), member 6 
    Beta-site APP-cleaving enzyme 2 
    Bone morphogenetic protein 6 
    Breast cancer anti-estrogen resistance 1 
    Caprin family member 2 
    Caveolin 1, caveolae protein, 22kDa 
    CD59 molecule, complement regulatory protein 
    CD9 molecule 
    CDC42 effector protein (Rho GTPase binding) 3 
    chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) 
    Chondroitin sulfate proteoglycan 5 (neuroglycan C) 
    Claudin 11 (oligodendrocyte transmembrane protein) 
    Coagulation factor II (thrombin) receptor-like 1 
    Coagulation factor II (thrombin) receptor-like 2 
    Collagen, type I, alpha 2 
    Connective tissue growth factor 
    Creatine kinase, brain 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Cysteine and glycine-rich protein 2 
    Cysteine rich transmembrane BMP regulator 1 (chordin-like) 
    Cysteine-rich, angiogenic inducer, 61 
    Deafness, autosomal recessive 31 
    Dehydrogenase/reductase (SDR family) member 3 
    Destrin (actin depolymerizing factor) 
    Discoidin, CUB and LCCL domain containing 2 
    Ecotropic viral integration site 1 
    EGF-containing fibulin-like extracellular matrix protein 2 
    Endothelial cell-specific molecule 1 
    Endothelin 1 
    Epithelial membrane protein 1 
    Fatty acid binding protein 4, adipocyte 
    Fermitin family homolog 2 (Drosophila) 
    Fibronectin 1 
    Filamin B, beta (actin binding protein 278) 
    Follistatin 
    Four and a half LIM domains 1 
    FYVE, RhoGEF and PH domain containing 4 
    Gelsolin (amyloidosis, Finnish type) 
    Glycine receptor, beta 
    Growth arrest-specific 2 
    Growth arrest-specific 6 
    Guanine nucleotide binding protein (G protein), alpha 11 (Gq class) 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    High mobility group AT-hook 2 
    HtrA serine peptidase 1 
    Inhibin, beta A 
    Insulin receptor 
    Insulin-like growth factor binding protein 4 
    Insulin-like growth factor binding protein 6 
    Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 
    Interleukin 1, alpha 
    Interleukin 1, beta 
    Interleukin 31 receptor A 
    Interleukin 6 (interferon, beta 2) 
    KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor 3 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    Kruppel-like factor 4 (gut) 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    Lysophosphatidic acid receptor 1 
    Metallothionein 2A 
    Necdin homolog (mouse) 
    Neuroligin 1 
    Nuclear receptor subfamily 5, group A, member 2 
    Palmdelphin 
    Phosphodiesterase 3B, cGMP-inhibited 
    Phospholipase C, epsilon 1 
    PiggyBac transposable element derived 3 
    Plasminogen activator, tissue 
    Plasminogen activator, urokinase 
    Potassium large conductance calcium-activated channel, subfamily M, alpha 
member 1 
    Profilin 2 
    Prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and 
cyclooxygenase) 
    Protein C receptor, endothelial (EPCR) 
    Protein kinase C, alpha 
    Ras homolog gene family, member J 
    Ras homolog gene family, member Q 
    RAS p21 protein activator (GTPase activating protein) 1 
    Regulating synaptic membrane exocytosis 1 
    Selenoprotein T 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 1 
    SHC (Src homology 2 domain containing) transforming protein 1 
    Solute carrier family 1 (glial high affinity glutamate transporter), member 3 
    Solute carrier family 8 (sodium/calcium exchanger), member 1 
    Spectrin, beta, non-erythrocytic 1 
    Sphingosine-1-phosphate receptor 3 
    Stanniocalcin 1 

    Suppressor of cytokine signaling 6 
    Synaptotagmin I 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    Thrombomodulin 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor) 
    Tissue factor pathway inhibitor 2 
    Transcription factor 7-like 2 (T-cell specific, HMG-box) 
    Transient receptor potential cation channel, subfamily V, member 4 
    Tropomyosin 1 (alpha) 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
 
 
 
Regulation of molecular function (z-score 3.62) 
 
    5-hydroxytryptamine (serotonin) receptor 7 (adenylate cyclase-coupled) 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Adenosine A2b receptor 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiopoietin-like 4 
    Angiotensin II receptor, type 1 
    CAP, adenylate cyclase-associated protein, 2 (yeast) 
    Caveolin 1, caveolae protein, 22kDa 
    Centaurin, gamma 2 
    Chromosome 13 open reading frame 15 
    Coiled-coil domain containing 88A 
    Cyclin D1 
    Cyclin-dependent kinase inhibitor 1C (p57, Kip2) 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Development and differentiation enhancing factor 1 
    DIRAS family, GTP-binding RAS-like 3 
    Dual specificity phosphatase 6 
    Ecotropic viral integration site 5 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fatty acid binding protein 4, adipocyte 
    Fibroblast growth factor 2 (basic) 
    FK506 binding protein 1B, 12.6 kDa 
    Forkhead box L2 
    FYVE, RhoGEF and PH domain containing 4 
    Gamma-aminobutyric acid (GABA) B receptor, 2 
    Growth hormone regulated TBC protein 1 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    Hepatocyte growth factor (hepapoietin A; scatter factor) 
    Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
    Insulin receptor 
    Interleukin 1, beta 
    Interleukin 6 (interferon, beta 2) 
    Intraflagellar transport 57 homolog (Chlamydomonas) 
    Lysophosphatidic acid receptor 1 
    NAD(P)H dehydrogenase, quinone 1 
    Neuregulin 1 
    NLR family, pyrin domain containing 1 
    Phosphatidic acid phosphatase type 2A 
    Phospholipase C, epsilon 1 
    PiggyBac transposable element derived 3 
    Platelet derived growth factor C 
    Protein kinase (cAMP-dependent, catalytic) inhibitor gamma 
    Protein kinase C, alpha 
    Receptor-interacting serine-threonine kinase 2 
    Regulator of G-protein signaling 3 
    Regulator of G-protein signaling 4 
    Serine incorporator 2 
    SHC (Src homology 2 domain containing) transforming protein 1 
    Smoothened homolog (Drosophila) 
    Sphingosine-1-phosphate receptor 3 
    Sprouty homolog 4 (Drosophila) 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily d, member 3 
    Synapse defective 1, Rho GTPase, homolog 1 (C. elegans) 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    TBC1 domain family, member 16 
    TBC1 domain family, member 8 (with GRAM domain) 
    TBC1 domain family, member 8B (with GRAM domain) 
    TBC1 domain family, member 9 (with GRAM domain) 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Tropomyosin 1 (alpha) 
    Tropomyosin 2 (beta) 
    Uveal autoantigen with coiled-coil domains and ankyrin repeats 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Very low density lipoprotein receptor 

 
Regulation of biological process (z-score 6.00) 
 
 
Regulation of localisation (z-score 4.96) 
 
    Actinin, alpha 1 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiotensin II receptor, type 1 
    Breast cancer anti-estrogen resistance 1 
    Cadherin 13, H-cadherin (heart) 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fibroblast growth factor 2 (basic) 
    FK506 binding protein 1B, 12.6 kDa 
    Follistatin 
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    Inhibin, beta A 
    Insulin receptor 
    Insulin receptor substrate 2 
    Insulin-like growth factor binding protein 3 
    Interleukin 1, beta 
    Interleukin 6 (interferon, beta 2) 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    KISS1 receptor 
    laminin, alpha 5 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    Neuregulin 1 
    Nexilin (F actin binding protein) 
    Phosphodiesterase 3B, cGMP-inhibited 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Protein kinase C, alpha 
    Purinergic receptor P2X, ligand-gated ion channel, 5 
    RAB3B, member RAS oncogene family 
    Related RAS viral (r-ras) oncogene homolog 
    Related RAS viral (r-ras) oncogene homolog 2 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 2 
    Smoothened homolog (Drosophila) 
    Solute carrier family 8 (sodium/calcium exchanger), member 1 
    Synaptojanin 2 binding protein 
    Synaptotagmin I 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Transcription factor 7-like 2 (T-cell specific, HMG-box) 
    Tropomyosin 1 (alpha) 
    Uveal autoantigen with coiled-coil domains and ankyrin repeats 
    Vinculin 
 
 
Regulation of locomotion (z-score 7.59) 
 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Breast cancer anti-estrogen resistance 1 
    Cadherin 13, H-cadherin (heart) 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fibroblast growth factor 2 (basic) 
    Insulin receptor 
    Insulin receptor substrate 2 
    Insulin-like growth factor binding protein 3 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 8 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    KISS1 receptor 
    laminin, alpha 5 
    Nexilin (F actin binding protein) 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Protein kinase C, alpha 
    Related RAS viral (r-ras) oncogene homolog 
    Related RAS viral (r-ras) oncogene homolog 2 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Secretogranin II (chromogranin C) 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 2 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Tropomyosin 1 (alpha) 
    Vinculin 
 
 
Regulation of anti-apoptosis (z-score 2.54) 
 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    RAS p21 protein activator (GTPase activating protein) 1 
    Rhotekin 

 
Developmental process (z-score 9.84) 
 
 
Cellular developmental process (z-score 7.61) 
 
    2,3-bisphosphoglycerate mutase 
    Activated leukocyte cell adhesion molecule 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    AHNAK nucleoprotein 2 
    Alanyl (membrane) aminopeptidase (aminopeptidase N, aminopeptidase M, 
microsomal aminopeptidase, CD13, p150) 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiopoietin 1 
    Ankyrin 3, node of Ranvier (ankyrin G) 
    Annexin A1 
    BARX homeobox 1 
    Basic helix-loop-helix domain containing, class B, 3 
    Bone morphogenetic protein 6 
    Brain-derived neurotrophic factor 
    Cadherin 13, H-cadherin (heart) 
    Calcium/calmodulin-dependent protein kinase I 
    CAP, adenylate cyclase-associated protein, 2 (yeast) 
    Caveolin 1, caveolae protein, 22kDa 
    Caveolin 1, caveolae protein, 22kDa 
    CDC42 effector protein (Rho GTPase binding) 3 
    Chondroitin sulfate proteoglycan 5 (neuroglycan C) 

    chordin-like 1 
    Coiled-coil domain containing 88A 
    Collagen, type XIII, alpha 1 
    Connective tissue growth factor 
    Cyclin D1 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Cysteine and glycine-rich protein 2 
    Cytotoxic T-lymphocyte-associated protein 4 
    Deafness, autosomal recessive 31 
    Deleted in liver cancer 1 
    Deleted in liver cancer 1 
    Deleted in liver cancer 1 
    Disabled homolog 2, mitogen-responsive phosphoprotein (Drosophila) 
    Distal-less homeobox 1 
    Distal-less homeobox 2 
    Dynein, cytoplasmic 2, heavy chain 1 
    Early growth response 1 
    Endoglin (Osler-Rendu-Weber syndrome 1) 
    Endothelin 1 
    Engrailed homeobox 1 
    EPH receptor A2 
    Ephrin-B2 
    Fasciculation and elongation protein zeta 1 (zygin I) 
    Fermitin family homolog 2 (Drosophila) 
    fibroblast growth factor 1 (acidic) 
    Fibroblast growth factor 2 (basic) 
    Fibronectin 1 
    Filamin B, beta (actin binding protein 278) 
    Forkhead box F1 
    Forkhead box G1 
    Forkhead box L2 
    Forkhead box P1 
    Four and a half LIM domains 1 
    FYVE, RhoGEF and PH domain containing 4 
    G-protein signaling modulator 1 (AGS3-like, C. elegans) 
    GLI-Kruppel family member GLI2 
    Glutathione S-transferase M3 (brain) 
    Glycoprotein M6B 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    Hedgehog interacting protein 
    Hepatocyte growth factor (hepapoietin A; scatter factor) 
    Histone deacetylase 9 
    Homeobox C10 
    Inhibin, beta A 
    Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
    Inscuteable homolog (Drosophila) 
    Insulin-like growth factor binding protein 3 
    Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes 
MDF2, MSK12) 
    Interleukin 31 receptor A 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    internexin neuronal intermediate filament protein, alpha 
    Jun oncogene 
    Keratin 19 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    Kruppel-like factor 4 (gut) 
    Kruppel-like factor 5 (intestinal) 
    laminin, alpha 5 
    laminin, beta 2 (laminin S) 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    LIM domain kinase 1 
    LIM homeobox 2 
    Matrix metallopeptidase 14 (membrane-inserted) 
    Melanophilin 
    Metastasis suppressor 1 
    Microtubule-actin crosslinking factor 1 
    Microtubule-associated protein 1B 
    Myelin expression factor 2 
    Myeloid leukemia factor 1 
    Necdin homolog (mouse) 
    Netrin 4 
    Netrin G1 
    Neuregulin 1 
    Neuron navigator 1 
    Neuronal guanine nucleotide exchange factor 
    Nuclear receptor subfamily 2, group F, member 2 
    Obscurin-like 1 
    Paired box 6 
    Palmdelphin 
    Potassium large conductance calcium-activated channel, subfamily M, alpha 
member 1 
    Pregnancy-associated plasma protein A, pappalysin 1 
    Protein kinase C, alpha 
    Protein phosphatase 1, regulatory (inhibitor) subunit 9A 
    Protein tyrosine phosphatase, receptor-type, Z polypeptide 1 
    Ras homolog gene family, member J 
    Ras homolog gene family, member Q 
    RAS p21 protein activator (GTPase activating protein) 1 
    Ras-related C3 botulinum toxin substrate 3 (rho family, small GTP binding protein 
Rac3) 
    Reticulon 1 
    Rho GTPase activating protein 22 
    Rho GTPase activating protein 24 
    Rho-guanine nucleotide exchange factor 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Roundabout, axon guidance receptor, homolog 1 (Drosophila) 
    S100 calcium binding protein A6 
    Sal-like 1 (Drosophila) 
    Sciellin 
    Secreted frizzled-related protein 1 
    Sema domain, immunoglobulin domain (Ig), short basic domain, secreted, 
(semaphorin) 3A 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 2 
    Sperm associated antigen 16 
    Sprouty homolog 2 (Drosophila) 
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    Src homology 2 domain containing adaptor protein B 
    SRY (sex determining region Y)-box 3 
    SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal) 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily a, member 1 
    T-box 2 
    Tetratricopeptide repeat domain 30A 
    Thy-1 cell surface antigen 
    TIMP metallopeptidase inhibitor 2 
    Transcription factor 7-like 1 (T-cell specific, HMG-box) 
    Transcription factor 7-like 2 (T-cell specific, HMG-box) 
    Transforming growth factor beta 1 induced transcript 1 
    Tropomyosin 1 (alpha) 
    Tumor necrosis factor receptor superfamily, member 12A 
    Twist homolog 2 (Drosophila) 
    Ubiquitin carboxyl-terminal esterase L1 (ubiquitin thiolesterase) 
    Unc-51-like kinase 2 (C. elegans) 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Vascular endothelial growth factor C 
    Vinculin 
    Wilms tumor 1 
    Wingless-type MMTV integration site family, member 5A 
    WW domain containing transcription regulator 1 
 
 
Regulation of developmental process (z-score 3.43) 
 
    Activated leukocyte cell adhesion molecule 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Adenosine A2b receptor 
    Adrenergic, alpha-1B-, receptor 
    AHNAK nucleoprotein 2 
    Alanyl (membrane) aminopeptidase (aminopeptidase N, aminopeptidase M, 
microsomal aminopeptidase, CD13, p150) 
    Aldehyde dehydrogenase 1 family, member A3 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiopoietin 1 
    Angiopoietin-like 4 
    Ankyrin 3, node of Ranvier (ankyrin G) 
    BARX homeobox 1 
    Basic helix-loop-helix domain containing, class B, 3 
    Bicaudal D homolog 1 (Drosophila) 
    Brain-derived neurotrophic factor 
    Cadherin 13, H-cadherin (heart) 
    Cadherin 2, type 1, N-cadherin (neuronal) 
    CAP, adenylate cyclase-associated protein, 2 (yeast) 
    Carboxypeptidase M 
    Caveolin 1, caveolae protein, 22kDa 
    CD9 molecule 
    CDC42 effector protein (Rho GTPase binding) 3 
    Coiled-coil domain containing 88A 
    Collagen, type I, alpha 1 
    Collagen, type I, alpha 2 
    Collagen, type V, alpha 2 
    Collagen, type VIII, alpha 1 
    Collagen, type XIII, alpha 1 
    Collagen, type XVIII, alpha 1 
    Connective tissue growth factor 
    Cysteine and glycine-rich protein 2 
    Cysteine-rich, angiogenic inducer, 61 
    Deafness, autosomal recessive 31 
    Decorin 
    Dickkopf homolog 3 (Xenopus laevis) 
    Distal-less homeobox 1 
    Distal-less homeobox 2 
    Dynein, cytoplasmic 2, heavy chain 1 
    Dystroglycan 1 (dystrophin-associated glycoprotein 1) 
    Ecotropic viral integration site 1 
    Endothelin 1 
    Engrailed homeobox 1 
    Ephrin-B2 
    Fasciculation and elongation protein zeta 1 (zygin I) 
    FAT tumor suppressor homolog 1 (Drosophila) 
    Fermitin family homolog 2 (Drosophila) 
    fibroblast growth factor 1 (acidic) 
    Fibroblast growth factor 2 (basic) 
    Fibronectin 1 
    Follistatin 
    Forkhead box C2 (MFH-1, mesenchyme forkhead 1) 
    Forkhead box F1 
    Forkhead box F2 
    Forkhead box G1 
    Forkhead box L2 
    Forkhead box Q1 
    Four and a half LIM domains 1 
    FYVE, RhoGEF and PH domain containing 4 
    GATA binding protein 6 
    GLI-Kruppel family member GLI2 
    Glutamyl aminopeptidase (aminopeptidase A) 
    Growth arrest-specific 2 
    Growth arrest-specific 6 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    Hedgehog interacting protein 
    Hepatocyte growth factor (hepapoietin A; scatter factor) 
    Homeobox C10 
    Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
    Insulin receptor 
    Insulin-like growth factor 2 mRNA binding protein 2 
    Insulin-like growth factor 2 mRNA binding protein 3 
    Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 
    Interleukin 1, alpha 
    Interleukin 1, beta 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 8 

    Jun oncogene 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    Kruppel-like factor 4 (gut) 
    Kruppel-like factor 5 (intestinal) 
    laminin, alpha 5 
    laminin, beta 2 (laminin S) 
    Leucine-rich repeat-containing G protein-coupled receptor 4 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    LIM domain kinase 1 
    Lipolysis stimulated lipoprotein receptor 
    Matrix metallopeptidase 14 (membrane-inserted) 
    Metastasis suppressor 1 
    Microtubule-actin crosslinking factor 1 
    Microtubule-associated protein 1B 
    Necdin homolog (mouse) 
    Netrin G1 
    Norrie disease (pseudoglioma) 
    Nuclear receptor subfamily 2, group F, member 2 
    Nuclear receptor subfamily 5, group A, member 2 
    Paired box 6 
    Paired-like homeodomain 2 
    Palmdelphin 
    Phosphatidic acid phosphatase type 2B 
    Platelet derived growth factor C 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Plexin D1 
    Protein tyrosine phosphatase, receptor-type, Z polypeptide 1 
    Ras homolog gene family, member J 
    Ras homolog gene family, member Q 
    RAS p21 protein activator (GTPase activating protein) 1 
    Ras-related C3 botulinum toxin substrate 3 (rho family, small GTP binding protein 
Rac3) 
    Rho GTPase activating protein 22 
    Rho GTPase activating protein 24 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Roundabout, axon guidance receptor, homolog 1 (Drosophila) 
    S100 calcium binding protein A6 
    Sal-like 1 (Drosophila) 
    Secreted frizzled-related protein 1 
    Secretogranin II (chromogranin C) 
    Sema domain, seven thrombospondin repeats (type 1 and type 1-like), 
transmembrane domain (TM) and short cytoplasmic domain, ( 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 1 
    Sex comb on midleg-like 1 (Drosophila) 
    Smoothened homolog (Drosophila) 
    Sperm associated antigen 16 
    Sphingosine-1-phosphate receptor 3 
    Sprouty homolog 2 (Drosophila) 
    Src homology 2 domain containing adaptor protein B 
    SRY (sex determining region Y)-box 3 
    SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal) 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily d, member 3 
    T-box 1 
    T-box 15 
    T-box 2 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Transcription factor 7-like 1 (T-cell specific, HMG-box) 
    Transducin-like enhancer of split 1 (E(sp1) homolog, Drosophila) 
    Tropomyosin 1 (alpha) 
    Tumor necrosis factor receptor superfamily, member 12A 
    Ubiquitin carboxyl-terminal esterase L1 (ubiquitin thiolesterase) 
    Unc-51-like kinase 2 (C. elegans) 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Vascular endothelial growth factor C 
    Vinculin 
    Wilms tumor 1 
    Wingless-type MMTV integration site family, member 5A 

 
Multicellular organismal process (z-score 9.04) 
 
 
Multicellular organisational development (z-score 10.73) 
 
    2,3-bisphosphoglycerate mutase 
    3'-phosphoadenosine 5'-phosphosulfate synthase 2 
    Activated leukocyte cell adhesion molecule 
    ADAM metallopeptidase with thrombospondin type 1 motif, 1 
    Adenosine A2b receptor 
    Adrenergic, alpha-1B-, receptor 
    Adrenomedullin 
    AF4/FMR2 family, member 3 
    AHNAK nucleoprotein 2 
    Alanyl (membrane) aminopeptidase (aminopeptidase N, aminopeptidase M, 
microsomal aminopeptidase, CD13, p150) 
    Aldehyde dehydrogenase 1 family, member A3 
    Amyloid beta (A4) precursor protein-binding, family A, member 2 (X11-like) 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiopoietin 1 
    Angiopoietin-like 4 
    Angiotensin II receptor, type 1 
    Ankyrin 3, node of Ranvier (ankyrin G) 
    Arginine-glutamic acid dipeptide (RE) repeats 
    BARX homeobox 1 
    Basic helix-loop-helix domain containing, class B, 3 
    Bone morphogenetic protein 6 
    Brain-derived neurotrophic factor 
    Cadherin 11, type 2, OB-cadherin (osteoblast) 
    Cadherin 13, H-cadherin (heart) 
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    Cadherin 2, type 1, N-cadherin (neuronal) 
    Calcium/calmodulin-dependent protein kinase I 
    Caveolin 1, caveolae protein, 22kDa 
    CD9 molecule 
    Chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating activity, alpha) 
    Chondroitin sulfate proteoglycan 5 (neuroglycan C) 
    Claudin 11 (oligodendrocyte transmembrane protein) 
    Collagen, type I, alpha 1 
    Collagen, type I, alpha 2 
    Collagen, type V, alpha 2 
    Collagen, type VIII, alpha 1 
    Collagen, type XII, alpha 1 
    Collagen, type XIII, alpha 1 
    Collagen, type XVIII, alpha 1 
    Connective tissue growth factor 
    Creatine kinase, brain 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Cysteine and glycine-rich protein 2 
    Cysteine rich transmembrane BMP regulator 1 (chordin-like) 
    Cysteine-rich protein 2 
    Cysteine-rich, angiogenic inducer, 61 
    Cytotoxic T-lymphocyte-associated protein 4 
    Dachshund homolog 2 (Drosophila) 
    Deafness, autosomal recessive 31 
    Decorin 
    Dickkopf homolog 3 (Xenopus laevis) 
    Dihydropyrimidinase-like 4 
    Disabled homolog 2, mitogen-responsive phosphoprotein (Drosophila) 
    Distal-less homeobox 1 
    Distal-less homeobox 2 
    Docking protein 5 
    Down syndrome cell adhesion molecule 
    Dynein, cytoplasmic 2, heavy chain 1 
    Early B-cell factor 3 
    Early growth response 1 
    Ecotropic viral integration site 1 
    Ecotropic viral integration site 5 
    Ectodermal-neural cortex (with BTB-like domain) 
    EGF-like repeats and discoidin I-like domains 3 
    Endoglin (Osler-Rendu-Weber syndrome 1) 
    Endothelin 1 
    Engrailed homeobox 1 
    EPH receptor A2 
    Ephrin-B2 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Epithelial membrane protein 1 
    Fasciculation and elongation protein zeta 1 (zygin I) 
    fibroblast growth factor 1 (acidic) 
    Fibroblast growth factor 13 
    Fibroblast growth factor 2 (basic) 
    Fibroblast growth factor 5 
    Filamin B, beta (actin binding protein 278) 
    Follistatin 
    Forkhead box C2 (MFH-1, mesenchyme forkhead 1) 
    Forkhead box F1 
    Forkhead box F2 
    Forkhead box G1 
    Forkhead box L2 
    Forkhead box P1 
    Forkhead box Q1 
    Formin 2 
    Four and a half LIM domains 1 
    Frizzled homolog 7 (Drosophila) 
    Frizzled homolog 8 (Drosophila) 
    G-protein signaling modulator 1 (AGS3-like, C. elegans) 
    Gap junction protein, alpha 1, 43kDa 
    gap junction protein, beta 2, 26kDa 
    GATA binding protein 6 
    GLI-Kruppel family member GLI2 
    Glucosaminyl (N-acetyl) transferase 2, I-branching enzyme (I blood group) 
    Glutamyl aminopeptidase (aminopeptidase A) 
    Glutathione S-transferase M3 (brain) 
    Glycine receptor, beta 
    Glycoprotein M6B 
    Growth arrest-specific 6 
    GTF2I repeat domain containing 1 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    Hedgehog interacting protein 
    Hepatocyte growth factor (hepapoietin A; scatter factor) 
    High mobility group AT-hook 2 
    Histatin 1 
    Histone deacetylase 9 
    Homeobox A10 
    Homeobox A3 
    Homeobox A9 
    Homeobox C10 
    Inhibin, beta A 
    Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
    Inscuteable homolog (Drosophila) 
    Insulin receptor 
    Insulin receptor substrate 2 
    Insulin-like growth factor binding protein 3 
    Insulin-like growth factor binding protein 4 
    Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 
    Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes 
MDF2, MSK12) 
    Interleukin 1, alpha 
    Interleukin 1, beta 
    Interleukin 31 receptor A 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    Interleukin 8 
    Keratin 19 
    Kin of IRRE like 3 (Drosophila) 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    Kruppel-like factor 3 (basic) 

    Kruppel-like factor 4 (gut) 
    Kruppel-like factor 5 (intestinal) 
    laminin, alpha 5 
    laminin, beta 2 (laminin S) 
    Leucine-rich repeat-containing G protein-coupled receptor 4 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    LIM domain kinase 1 
    LIM domain only 1 (rhombotin 1) 
    LIM homeobox 2 
    Lipolysis stimulated lipoprotein receptor 
    Lysyl oxidase 
    Matrilin 3 
    Matrix metallopeptidase 14 (membrane-inserted) 
    Matrix metallopeptidase 2 (gelatinase A, 72kDa gelatinase, 72kDa type IV 
collagenase) 
    Mesoderm specific transcript homolog (mouse) 
    Met proto-oncogene (hepatocyte growth factor receptor) 
    Microtubule-actin crosslinking factor 1 
    Microtubule-associated protein 1B 
    Midline 1 (Opitz/BBB syndrome) 
    Myelin expression factor 2 
    Myeloid leukemia factor 1 
    NCK-associated protein 1 
    Necdin homolog (mouse) 
    Nerve growth factor receptor (TNFRSF16) associated protein 1 
    Netrin 4 
    Netrin G1 
    Neuregulin 1 
    Neuregulin 2 
    Neuroligin 1 
    Neuron navigator 1 
    Neuronal guanine nucleotide exchange factor 
    Neuronal PAS domain protein 2 
    Neuronal pentraxin I 
    Norrie disease (pseudoglioma) 
    Nuclear receptor interacting protein 1 
    Nuclear receptor subfamily 2, group F, member 2 
    Obscurin-like 1 
    Odd-skipped related 1 (Drosophila) 
    Paired box 6 
    Paired related homeobox 1 
    Paired-like homeodomain 2 
    Periostin, osteoblast specific factor 
    Phosphatidic acid phosphatase type 2B 
    Phosphodiesterase 3B, cGMP-inhibited 
    Phospholipase C, epsilon 1 
    Platelet derived growth factor C 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Pleiotrophin (heparin binding growth factor 8, neurite growth-promoting factor 1) 
    Plexin A2 
    Plexin D1 
    Potassium large conductance calcium-activated channel, subfamily M, alpha 
member 1 
    Pre-B-cell leukemia homeobox 3 
    Prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and 
cyclooxygenase) 
    Protein kinase C, alpha 
    Protein phosphatase 1, regulatory (inhibitor) subunit 9A 
    Protein tyrosine phosphatase, receptor type, F 
    Protein tyrosine phosphatase, receptor-type, Z polypeptide 1 
    Protocadherin 18 
    Purinergic receptor P2X, ligand-gated ion channel, 5 
    Rap GTPase interactor 
    Rap guanine nucleotide exchange factor (GEF) 5 
    RAS p21 protein activator (GTPase activating protein) 1 
    Ras-related C3 botulinum toxin substrate 3 (rho family, small GTP binding protein 
Rac3) 
    Reticulon 1 
    Rho GTPase activating protein 22 
    Rho GTPase activating protein 24 
    Rhotekin 2 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Roundabout, axon guidance receptor, homolog 1 (Drosophila) 
    S100 calcium binding protein A6 
    Sal-like 1 (Drosophila) 
    Sarcoglycan, epsilon 
    Sciellin 
    Secreted and transmembrane 1 
    Secreted frizzled-related protein 1 
    Secreted protein, acidic, cysteine-rich (osteonectin) 
    Secretogranin II (chromogranin C) 
    Sema domain, immunoglobulin domain (Ig), short basic domain, secreted, 
(semaphorin) 3A 
    Sema domain, immunoglobulin domain (Ig), short basic domain, secreted, 
(semaphorin) 3C 
    Sema domain, seven thrombospondin repeats (type 1 and type 1-like), 
transmembrane domain (TM) and short cytoplasmic domain 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 1 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 2 
    Shisa homolog 2 (Xenopus laevis) 
    Smoothened homolog (Drosophila) 
    Snail homolog 2 (Drosophila) 
    Sprouty homolog 2 (Drosophila) 
    Sprouty homolog 4 (Drosophila) 
    Src homology 2 domain containing adaptor protein B 
    SRY (sex determining region Y)-box 3 
    SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal) 
    SWAP-70 protein 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily a, member 1 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily d, member 3 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    T-box 1 
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    T-box 15 
    T-box 2 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Thrombomodulin 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    TIMP metallopeptidase inhibitor 2 
    Transcription factor 7-like 1 (T-cell specific, HMG-box) 
    Transcription factor 7-like 2 (T-cell specific, HMG-box) 
    Transducin-like enhancer of split 1 (E(sp1) homolog, Drosophila) 
    Tropomyosin 1 (alpha) 
    Tumor necrosis factor receptor superfamily, member 12A 
    Twist homolog 2 (Drosophila) 
    Ubiquitin carboxyl-terminal esterase L1 (ubiquitin thiolesterase) 
    UDP glycosyltransferase 8 (UDP-galactose ceramide galactosyltransferase) 
    UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 5 
    Unc-51-like kinase 2 (C. elegans) 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Vang-like 1 (van gogh, Drosophila) 
    Vascular endothelial growth factor C 
    Very low density lipoprotein receptor 
    Wilms tumor 1 
    Wingless-type MMTV integration site family, member 16 
    Wingless-type MMTV integration site family, member 5A 
    WW domain containing transcription regulator 1 
    Zinc finger protein 256 
    Zinc finger protein 260 
 
 
Coagulation (z-score 5.02) 
 
    Caveolin 1, caveolae protein, 22kDa 
    CD59 molecule, complement regulatory protein 
    CD9 molecule 
    Coagulation factor II (thrombin) receptor-like 1 
    Coagulation factor II (thrombin) receptor-like 2 
    EGF-containing fibulin-like extracellular matrix protein 2 
    Endothelin 1 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 
    Interleukin 6 (interferon, beta 2) 
    Plasminogen activator, tissue 
    Plasminogen activator, urokinase 
    Protein C receptor, endothelial (EPCR) 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 1 
    Thrombomodulin 
    Thrombospondin 1 
    Tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor) 
    Tissue factor pathway inhibitor 2 

 
Positive regulation of biological process (z-score 4.46) 
 
 
Positive regulation of cellular process (z-score 5.17) 
 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Adrenergic, alpha-1B-, receptor 
    Adrenomedullin 
    Aldehyde dehydrogenase 1 family, member A3 
    Angiogenin, ribonuclease, RNase A family, 5 
    ATP-binding cassette, sub-family A (ABC1), member 1 
    BCL2-related ovarian killer 
    Bone morphogenetic protein 6 
    Brain-derived neurotrophic factor 
    Breast cancer anti-estrogen resistance 1 
    Cadherin 13, H-cadherin (heart) 
    Caveolin 1, caveolae protein, 22kDa 
    Cbp/p300-interacting transactivator, with Glu/Asp-rich carboxy-terminal domain, 4 
    Chemokine (C-X-C motif) ligand 5 
    Cyclin D1 
    Cyclin-dependent kinase inhibitor 1C (p57, Kip2) 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Cysteine-rich protein 2 
    Deleted in liver cancer 1 
    Deleted in liver cancer 1 
    Deleted in liver cancer 1 
    Destrin (actin depolymerizing factor) 
    Discoidin domain receptor tyrosine kinase 2 
    Distal-less homeobox 2 
    Early growth response 1 
    Ecotropic viral integration site 1 
    Endoglin (Osler-Rendu-Weber syndrome 1) 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fatty acid binding protein 4, adipocyte 
    fibroblast growth factor 1 (acidic) 
    Fibroblast growth factor 2 (basic) 
    Forkhead box C2 (MFH-1, mesenchyme forkhead 1) 
    Forkhead box F1 
    Forkhead box F2 
    Forkhead box G1 
    Forkhead box L2 
    Forkhead box P1 
    FOS-like antigen 1 
    Four and a half LIM domains 2 
    G protein-coupled receptor 177 
    Gap junction protein, alpha 1, 43kDa 
    GATA binding protein 6 
    GLI-Kruppel family member GLI2 
    GLIS family zinc finger 1 

    GLIS family zinc finger 3 
    Homeobox C10 
    Human immunodeficiency virus type I enhancer binding protein 3 
    Inhibin, beta A 
    Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
    Insulin receptor 
    Insulin receptor substrate 2 
    Insulin-like growth factor binding protein 3 
    Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes 
MDF2, MSK12) 
    Interleukin 1, alpha 
    Interleukin 1, beta 
    Interleukin 31 receptor A 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    Jun oncogene 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    Kruppel-like factor 4 (gut) 
    Kruppel-like factor 5 (intestinal) 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    LIM domain kinase 1 
    Lysophosphatidic acid receptor 1 
    Nerve growth factor receptor (TNFRSF16) associated protein 1 
    Neural cell adhesion molecule 1 
    Neuregulin 1 
    Neuronal PAS domain protein 2 
    NIMA (never in mitosis gene a)-related kinase 6 
    NLR family, pyrin domain containing 1 
    Nuclear factor I/C (CCAAT-binding transcription factor) 
    Nuclear receptor interacting protein 1 
    PiggyBac transposable element derived 3 
    Platelet derived growth factor C 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Pleckstrin homology domain containing, family G (with RhoGef domain) member 5 
    Pleiotrophin (heparin binding growth factor 8, neurite growth-promoting factor 1) 
    Potassium large conductance calcium-activated channel, subfamily M, alpha 
member 1 
    Protein kinase C, alpha 
    Prune homolog 2 (Drosophila) 
    Purinergic receptor P2X, ligand-gated ion channel, 5 
    Receptor-interacting serine-threonine kinase 2 
    Related RAS viral (r-ras) oncogene homolog 2 
    RGM domain family, member B 
    RGM domain family, member B 
    Rhotekin 2 
    Roundabout, axon guidance receptor, homolog 1 (Drosophila) 
    S100 calcium binding protein A6 
    SEC14-like 2 (S. cerevisiae) 
    Secreted and transmembrane 1 
    Secretogranin II (chromogranin C) 
    SH3 domain containing 19 
    SHC (Src homology 2 domain containing) transforming protein 1 
    Smoothened homolog (Drosophila) 
    Solute carrier family 20 (phosphate transporter), member 1 
    Sorbin and SH3 domain containing 3 
    Sphingosine-1-phosphate receptor 3 
    SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal) 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily a, member 1 
    SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 
subfamily d, member 3 
    T-box 2 
    TBC1 domain family, member 8 (with GRAM domain) 
    TEA domain family member 2 
    Tetraspanin 6 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Transcription factor 7-like 1 (T-cell specific, HMG-box) 
    Transcription factor 7-like 2 (T-cell specific, HMG-box) 
    Transforming growth factor beta 1 induced transcript 1 
    Tropomyosin 1 (alpha) 
    Tumor necrosis factor receptor superfamily, member 19 
    tumor necrosis factor receptor superfamily, member 25 
    Uveal autoantigen with coiled-coil domains and ankyrin repeats 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Vascular endothelial growth factor C 
    Wilms tumor 1 
    WW domain containing transcription regulator 1 
    Zinc finger and BTB domain containing 38 
    Zinc finger protein 443 
 
 
Positive regulation of anti-apoptosis (z-score 2.06) 
 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    RAS p21 protein activator (GTPase activating protein) 1 

 
Negative regulation of biological process (z-score 
4.34) 
 
 
Negative regulation of cellular process (z-score 4.50) 
 
    Actinin, alpha 1 
    ADAM metallopeptidase with thrombospondin type 1 motif, 1 
    Adrenergic, alpha-1B-, receptor 
    Angiogenin, ribonuclease, RNase A family, 5 
    Angiopoietin-like 4 
    Annexin A1 
    ATPase, class I, type 8B, member 1 
    B-cell CLL/lymphoma 7A 
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    BARX homeobox 1 
    Beta-site APP-cleaving enzyme 2 
    Brain-derived neurotrophic factor 
    Cadherin 13, H-cadherin (heart) 
    Caprin family member 2 
    Catenin, beta interacting protein 1 
    Caveolin 1, caveolae protein, 22kDa 
    CD9 molecule 
    Chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating activity, alpha) 
    Collagen, type XVIII, alpha 1 
    Cyclin-dependent kinase inhibitor 1C (p57, Kip2) 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Cytotoxic T-lymphocyte-associated protein 4 
    Dickkopf homolog 1 (Xenopus laevis) 
    Dickkopf homolog 3 (Xenopus laevis) 
    Discoidin, CUB and LCCL domain containing 2 
    Distal-less homeobox 1 
    Distal-less homeobox 2 
    Early growth response 1 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fatty acid binding protein 4, adipocyte 
    Fibroblast growth factor 2 (basic) 
    Follistatin 
    Forkhead box F2 
    Forkhead box G1 
    Forkhead box P1 
    Gelsolin (amyloidosis, Finnish type) 
    GLI-Kruppel family member GLI2 
    GLIS family zinc finger 1 
    GLIS family zinc finger 3 
    Heat shock 27kDa protein 1 
    Hedgehog interacting protein 
    Hepatocyte growth factor (hepapoietin A; scatter factor) 
    HtrA serine peptidase 1 
    Inhibin, beta A 
    Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
    Insulin-like growth factor 2 mRNA binding protein 2 
    Insulin-like growth factor 2 mRNA binding protein 3 
    Insulin-like growth factor binding protein 3 
    Insulin-like growth factor binding protein 6 
    Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes 
MDF2, MSK12) 
    Interleukin 1, alpha 
    Interleukin 1, beta 
    Interleukin 31 receptor A 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    Interleukin 8 
    JAZF zinc finger 1 
    JAZF zinc finger 1 
    Jun oncogene 
    KISS1 receptor 
    Kruppel-like factor 4 (gut) 
    Leucine zipper, down-regulated in cancer 1 
    Leukemia inhibitory factor (cholinergic differentiation factor) 
    Matrix metallopeptidase 14 (membrane-inserted) 
    Melanoma antigen family D, 1 
    Metastasis suppressor 1 
    Microtubule-associated protein 1B 
    Microtubule-associated protein 2 
    Midline 1 (Opitz/BBB syndrome) 
    Necdin homolog (mouse) 
    Neuregulin 1 
    Nuclear factor I/C (CCAAT-binding transcription factor) 
    Nuclear receptor interacting protein 1 
    Nuclear receptor subfamily 2, group F, member 2 
    Phosphatidic acid phosphatase type 2A 
    Prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and 
cyclooxygenase) 
    Protein kinase C, alpha 
    Protein kinase C, delta binding protein 
    RAS p21 protein activator (GTPase activating protein) 1 
    Regulator of G-protein signaling 17 
    Regulator of G-protein signaling 20 
    Regulator of G-protein signaling 3 
    Regulator of G-protein signaling 4 
    Related RAS viral (r-ras) oncogene homolog 
    Rhotekin 
    RNA binding motif protein 9 
    SAM and SH3 domain containing 1 
    Secreted frizzled-related protein 1 
    Secretogranin II (chromogranin C) 
    Serpin peptidase inhibitor, clade B (ovalbumin), member 2 
    SMAD specific E3 ubiquitin protein ligase 2 
    Smoothened homolog (Drosophila) 
    Snail homolog 2 (Drosophila) 
    Sorbin and SH3 domain containing 3 
    Spectrin, beta, non-erythrocytic 1 
    SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-
reversal) 
    Suppressor of cytokine signaling 6 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    T-box 2 
    Tax1 (human T-cell leukemia virus type I) binding protein 3 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    TIMP metallopeptidase inhibitor 2 
    Transcription elongation factor A (SII)-like 1 
    Transcription factor 7-like 1 (T-cell specific, HMG-box) 
    Transcription factor 7-like 2 (T-cell specific, HMG-box) 
    Transducin-like enhancer of split 1 (E(sp1) homolog, Drosophila) 
    Transforming growth factor beta 1 induced transcript 1 
    Transforming growth factor, beta-induced, 68kDa 
    Tropomyosin 1 (alpha) 
    Twist homolog 2 (Drosophila) 

    Unc-51-like kinase 2 (C. elegans) 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Vinculin 
    Wilms tumor 1 
    WW domain containing transcription regulator 1 

 
Locomotion (z-score 6.60) 
 
 
Cell motility (z-score 7.18)  
 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Angiogenin, ribonuclease, RNase A family, 5 
    Breast cancer anti-estrogen resistance 1 
    Cadherin 13, H-cadherin (heart) 
    Cadherin 2, type 1, N-cadherin (neuronal) 
    Coiled-coil domain containing 88A 
    Connective tissue growth factor 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fibroblast growth factor 2 (basic) 
    Fibronectin 1 
    Glutamyl aminopeptidase (aminopeptidase A) 
    Insulin receptor 
    Insulin receptor substrate 2 
    Insulin-like growth factor binding protein 3 
    Integrin, alpha 5 (fibronectin receptor, alpha polypeptide) 
    Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes 
MDF2, MSK12) 
    Interleukin 1, beta 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 8 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    KISS1 receptor 
    laminin, alpha 5 
    Matrix metallopeptidase 14 (membrane-inserted) 
    Necdin homolog (mouse) 
    Neuron navigator 1 
    Nexilin (F actin binding protein) 
    Nuclear receptor subfamily 2, group F, member 2 
    Phosphatidic acid phosphatase type 2A 
    Phosphatidic acid phosphatase type 2B 
    Plasminogen activator, tissue 
    Plasminogen activator, urokinase 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Protein kinase C, alpha 
    Related RAS viral (r-ras) oncogene homolog 
    Related RAS viral (r-ras) oncogene homolog 2 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    S100 calcium binding protein A2 
    Secretogranin II (chromogranin C) 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 2 
    SLIT-ROBO Rho GTPase activating protein 1 
    Smoothened homolog (Drosophila) 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Tropomyosin 1 (alpha) 
    Vascular endothelial growth factor C 
    Vinculin 
 
 
Regulation of locomotion (z-score 7.59) 
 
    ADAM metallopeptidase domain 9 (meltrin gamma) 
    Breast cancer anti-estrogen resistance 1 
    Cadherin 13, H-cadherin (heart) 
    Endothelin 1 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Fibroblast growth factor 2 (basic) 
    Insulin receptor 
    Insulin receptor substrate 2 
    Insulin-like growth factor binding protein 3 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 8 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    KISS1 receptor 
    laminin, alpha 5 
    Nexilin (F actin binding protein) 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Protein kinase C, alpha 
    Related RAS viral (r-ras) oncogene homolog 
    Related RAS viral (r-ras) oncogene homolog 2 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Secretogranin II (chromogranin C) 
    Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), 
member 2 
    Synuclein, alpha (non A4 component of amyloid precursor) 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Thrombospondin 1 
    Thy-1 cell surface antigen 
    Tropomyosin 1 (alpha) 
    Vinculin 
 
 
Taxis (z-score 3.50) 
 
    Cadherin 13, H-cadherin (heart) 
    Chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating activity, alpha) 
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    chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) 
    Chemokine (C-X-C motif) ligand 2 
    Chemokine (C-X-C motif) ligand 5 
    Chemokine (C-X-C motif) ligand 6 (granulocyte chemotactic protein 2) 
    CKLF-like MARVEL transmembrane domain containing 8 
    Cysteine-rich, angiogenic inducer, 61 
    Endothelin 1 
    Fibroblast growth factor 2 (basic) 
    FOS-like antigen 1 
    Interleukin 1, beta 
    Interleukin 6 (interferon, beta 2) 
    Interleukin 8 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    Plasminogen activator, urokinase 
    Protein kinase C, alpha 
    Roundabout, axon guidance receptor, homolog 1 (Drosophila) 
    Secretogranin II (chromogranin C) 
    Thrombospondin 1 
 

 
Growth (z-score 2.24) 
 
 
Cell growth (z-score 3.51) 
 
    Adrenergic, alpha-1B-, receptor 
    Angiotensin II receptor, type 1 
    Breast cancer anti-estrogen resistance 1 
    Caprin family member 2 
    Chondroitin sulfate proteoglycan 5 (neuroglycan C) 
    Connective tissue growth factor 
    Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4) 
    Cysteine and glycine-rich protein 2 
    Cysteine rich transmembrane BMP regulator 1 (chordin-like) 
    Cysteine-rich, angiogenic inducer, 61 
    Discoidin, CUB and LCCL domain containing 2 
    Endothelial cell-specific molecule 1 
    Epithelial membrane protein 1 
    Four and a half LIM domains 1 
    Growth arrest-specific 6 
    Growth arrest-specific 6 
    High mobility group AT-hook 2 
    HtrA serine peptidase 1 
    Inhibin, beta A 
    Insulin-like growth factor binding protein 3 
    Insulin-like growth factor binding protein 4 
    Insulin-like growth factor binding protein 6 
    Necdin homolog (mouse) 
    Phospholipase C, epsilon 1 
    SHC (Src homology 2 domain containing) transforming protein 1 
    Suppressor of cytokine signaling 6 

 
Rhythmic process (z-score 2.06) 
 
 
Rhythmic behaviour (z-score 3.11)  
 
    Neuronal PAS domain protein 2 
    Potassium large conductance calcium-activated channel, subfamily M, alpha 
member 1 
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Table A-VI.4 List of GO terms (Molecular process) with 3-fold downregulated genes 
in CD30 expressing cells compared to CD30 non-expressing cells. Listed are 
subcategories that were rated as significantly overrepresented in the list of downregulated 
genes with z-scores >2.   
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Molecular transducer activity (z-score 2.57) 
 
 
Signal transducer activity (z-score 2.57) 
 
    5-hydroxytryptamine (serotonin) receptor 7 (adenylate cyclase-coupled) 
    Adenosine A2b receptor 
    Adrenergic, alpha-1B-, receptor 
    Alanyl (membrane) aminopeptidase (aminopeptidase N, aminopeptidase M, 
microsomal aminopeptidase, CD13, p150) 
    Angiotensin II receptor, type 1 
    Anthrax toxin receptor 1 
    ATP-binding cassette, sub-family A (ABC1), member 1 
    AXL receptor tyrosine kinase 
    Breast cancer anti-estrogen resistance 1 
    C-mer proto-oncogene tyrosine kinase 
    Calcium channel, voltage-dependent, alpha 2/delta subunit 1 
    chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) 
    Coagulation factor II (thrombin) receptor-like 1 
    Coagulation factor II (thrombin) receptor-like 2 
    Contactin associated protein 1 
    Cysteine rich transmembrane BMP regulator 1 (chordin-like) 
    Dickkopf homolog 1 (Xenopus laevis) 
    Discoidin domain receptor tyrosine kinase 1 
    Discoidin domain receptor tyrosine kinase 2 
    Docking protein 5 
    EGF-containing fibulin-like extracellular matrix protein 2 
    EPH receptor A2 
    Epidermal growth factor receptor (erythroblastic leukemia viral (v-erb-b) oncogene 
homolog, avian) 
    Epidermal growth factor receptor pathway substrate 8 
    Fibronectin leucine rich transmembrane protein 2 
    Follistatin 
    Frizzled homolog 7 (Drosophila) 
    Frizzled homolog 8 (Drosophila) 
    G protein-coupled receptor 176 
    G protein-coupled receptor 177 
    G protein-coupled receptor 39 
    G protein-coupled receptor, family C, group 5, member A 
    Gamma-aminobutyric acid (GABA) A receptor, beta 1 
    Gamma-aminobutyric acid (GABA) B receptor, 2 
    Gap junction protein, alpha 1, 43kDa 
    Glutamate receptor, ionotropic, AMPA 1 
    Glycine receptor, beta 
    Growth factor receptor-bound protein 10 
    Growth factor receptor-bound protein 14 
    Guanine nucleotide binding protein (G protein), gamma 11 
    Guanine nucleotide binding protein (G protein), gamma 12 
    Guanine nucleotide binding protein (G protein), q polypeptide 
    GULP, engulfment adaptor PTB domain containing 1 
    Inhibin, beta A 
    Insulin receptor 
    Insulin receptor substrate 2 
    Integrin, alpha 10 
    Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 
    Integrin, alpha 5 (fibronectin receptor, alpha polypeptide) 
    Integrin, alpha 6 
    Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes 
MDF2, MSK12) 
    Integrin, beta 5 
    Integrin, beta 8 
    Integrin, beta-like 1 (with EGF-like repeat domains) 
    Interleukin 13 receptor, alpha 2 
    interleukin 17 receptor C 
    Interleukin 17 receptor D 
    Interleukin 31 receptor A 
    Interleukin 6 signal transducer (gp130, oncostatin M receptor) 
    KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor 3 
    Kinase insert domain receptor (a type III receptor tyrosine kinase) 
    KISS1 receptor 
    Latrophilin 2 
    Lectin, galactoside-binding, soluble, 3 binding protein 
    Leucine-rich repeat-containing G protein-coupled receptor 4 
    Lipolysis stimulated lipoprotein receptor 
    Low density lipoprotein receptor-related protein 3 
    Lysophosphatidic acid receptor 1 
    Lysyl oxidase-like 2 
    Mannose receptor, C type 2 
    Met proto-oncogene (hepatocyte growth factor receptor) 
    Neuregulin 1 
    Neuronal PAS domain protein 2 
    Neuropilin (NRP) and tolloid (TLL)-like 1 
    Neurotensin receptor 1 (high affinity) 
    NIMA (never in mitosis gene a)-related kinase 6 
    Nuclear receptor subfamily 2, group F, member 2 
    Nuclear receptor subfamily 5, group A, member 2 
    Peroxidasin homolog (Drosophila) 
    Phospholipase C, beta 4 
    Phospholipase C, epsilon 1 
    Platelet-derived growth factor receptor, alpha polypeptide 
    Pleckstrin homology domain containing, family G (with RhoGef domain) member 5 
    Plexin A2 
    Plexin D1 
    Poliovirus receptor-related 3 
    Prostaglandin E receptor 2 (subtype EP2), 53kDa 
    Protease, serine, 12 (neurotrypsin, motopsin) 
    Protein C receptor, endothelial (EPCR) 
    Protein tyrosine phosphatase, receptor type, D 
    Protein tyrosine phosphatase, receptor type, F 
    Protein tyrosine phosphatase, receptor-type, Z polypeptide 1 
    PTK2 protein tyrosine kinase 2 
    Purinergic receptor P2X, ligand-gated ion channel, 5 
    Receptor tyrosine kinase-like orphan receptor 1 
    Receptor-interacting serine-threonine kinase 2 
    Regulator of G-protein signaling 17 

    Regulator of G-protein signaling 20 
    Regulator of G-protein signaling 3 
    Regulator of G-protein signaling 4 
    Reticulon 1 
    Roundabout homolog 4, magic roundabout (Drosophila) 
    Roundabout, axon guidance receptor, homolog 1 (Drosophila) 
    Scavenger receptor class A, member 3 
    Scavenger receptor class F, member 2 
    Secreted and transmembrane 1 
    Seizure related 6 homolog (mouse)-like 2 
    Sema domain, immunoglobulin domain (Ig), short basic domain, secreted, 
(semaphorin) 3A 
    Sema domain, immunoglobulin domain (Ig), short basic domain, secreted, 
(semaphorin) 3C 
    Sema domain, seven thrombospondin repeats (type 1 and type 1-like), 
transmembrane domain (TM) and short cytoplasmic domain, ( 
    SHC (Src homology 2 domain containing) transforming protein 1 
    Smoothened homolog (Drosophila) 
    Solute carrier family 20 (phosphate transporter), member 1 
    Sphingosine-1-phosphate receptor 3 
    Src homology 2 domain containing adaptor protein B 
    TEK tyrosine kinase, endothelial (venous malformations, multiple cutaneous and 
mucosal) 
    Tetraspanin 6 
    Thrombomodulin 
    Tumor necrosis factor receptor superfamily, member 12A 
    Tumor necrosis factor receptor superfamily, member 19 
    Tumor necrosis factor receptor superfamily, member 25 
    V-erb-b2 erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma 
derived oncogene homolog (avian) 
    Very low density lipoprotein receptor 
    Wingless-type MMTV integration site family, member 16 
    Wingless-type MMTV integration site family, member 5A 
 
Enzyme regulation activity (z-score 5.46) 
 
 
GTPase regulation activity (z-score 5.68) 
 
    Aldehyde dehydrogenase 1 family, member A1 
    Breast cancer anti-estrogen resistance 3 
    Centaurin, gamma 2 
    Dedicator of cytokinesis 1 
    Dedicator of cytokinesis 4 
    Dedicator of cytokinesis 5 
    DEP domain containing 1 
    Development and differentiation enhancing factor 1 
    Dynamin binding protein 
    Ecotropic viral integration site 5 
    FYVE, RhoGEF and PH domain containing 4 
    G-protein signaling modulator 1 (AGS3-like, C. elegans) 
    Growth hormone regulated TBC protein 1 
    IQ motif and Sec7 domain 2 
    Melanophilin 
    mitogen-activated protein kinase kinase kinase kinase 4 
    Myosin VIIA and Rab interacting protein 
    Neuronal guanine nucleotide exchange factor 
    Phospholipase C, epsilon 1 
    pleckstrin and Sec7 domain containing 3 
    Pleckstrin homology domain containing, family G (with RhoGef domain) member 5 
    Ral GEF with PH domain and SH3 binding motif 2 
    Ral guanine nucleotide dissociation stimulator-like 1 
    Rap guanine nucleotide exchange factor (GEF) 5 
    Ras and Rab interactor 2 
    RAS p21 protein activator (GTPase activating protein) 1 
    RAS p21 protein activator 3 
    Ras protein-specific guanine nucleotide-releasing factor 2 
    Regulating synaptic membrane exocytosis 1 
    Regulator of G-protein signaling 20 
    Regulator of G-protein signaling 3 
    Regulator of G-protein signaling 4 
    Rho GTPase activating protein 18 
    Rho GTPase activating protein 21 
    Rho GTPase activating protein 22 
    Rho GTPase activating protein 24 
    Rho GTPase activating protein 29 
    Rho guanine nucleotide exchange factor (GEF) 10 
    Rho-guanine nucleotide exchange factor 
    Rhotekin 
    SLIT-ROBO Rho GTPase activating protein 1 
    Synapse defective 1, Rho GTPase, homolog 1 (C. elegans) 
    Synaptotagmin-like 2 
    TBC1 domain family, member 16 
    TBC1 domain family, member 8 (with GRAM domain) 
    TBC1 domain family, member 8B (with GRAM domain) 
    TBC1 domain family, member 9 (with GRAM domain) 
    Thy-1 cell surface antigen 



 

 249 

 


