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Thesis abstract 

 
Since the introduction of Antiretroviral Therapy (ART), HIV-associated sensory neuropathy 

(HIV-SN) is recognized as the most common neurological complication in patients with HIV. 

Some develop neuropathy due to exposure to neurotoxic ART (NRTI-SN), but the 

pathogenesis remains unclear. The aim of this study is to elucidate the underlying 

inflammatory pathophysiology of HIV-SN (defined using the ACTG BPNS tool)* through 

clinical and basic research endeavours. To this end I used a three-tiered approach: 

 

1. To determine if host TNF block haplotypes act as a predictor of SN risk, 51 Caucasian, 

64 Malay, 72 Chinese and 339 South African HIV+ patients were genotyped for SNP 

within the TNFA gene and surrounding regions. The PHASE algorithm was used to 

statistically infer TNF block haplotypes and estimate their frequencies in each cohort. 

I established that TNF haplotypes FV6,7 associate independently with HIV-SN in 

Chinese, but not in Caucasian or South African patients. FV31 exhibited a protective 

effect against development of SN in the South African cohort. I showed that SNP 

associated with neuropathy do not affect neurocognitive change in Caucasian HIV+ 

patients stable on ART. This was associated with the FVa1,3,4, 12 haplotype family. 

 

2. To investigate the effect of ART on circulating plasma chemokines and associate 

levels of plasma chemokines with NRTI-SN, plasma CXCL10, CCL2 and CXCL1 levels 

were measured in a cohort of 66 patients initiating ART in Malaysia with advanced 

immunodeficiency and many opportunistic infections. Plasma levels of CXCL10 

decreased and CCL5 increased during ART. CCL2 levels were elevated by HIV disease, 

but did not change on ART. Some patients with SN displayed elevated levels of CCL5 

on ART. These data implicate CCL5 in the inflammatory pathways of SN. 

 

 

3. The accumulation of inflammatory cytokines and chemokines around nerve fibres in 

vivo in patients undergoing different stages of neuropathy was investigated using 3-

colour confocal microscopy of skin biopsies from South African HIV+ patients with 

early stage SN, Australian Caucasian patients with established NRTI-SN and an 



ii 
 

African-American patient who had died with active HIV-SN. In early stage neuropathy, 

biopsies from the ankle and thigh displayed dense infiltrates of activated (CD14+) 

macrophages with a distribution consistent with migration out from dermal blood 

vessels to concentrate around areas of nerve damage. The process was generally less 

advanced in the thigh. In the late-stage neuropathy, distal leg samples demonstrated 

nerve damage with few or no surrounding macrophages, but macrophages and 

damaged nerves were observed in the proximal leg. The post mortem sample 

displayed macrophage infiltration and damaged epidermal nerve fibres, with the 

macrophages abundant throughout the dermal tissue. 

Together these data present a model for the inflammatory pathogenesis of SN in HIV+ 

patients. Ethnicity-specific TNFA immunogenetic profiles modify SN risk and probably play a 

role in creating an environment with generalised inflammation, marked systemically by 

elevated levels of plasma CCL5 (and probably other factors), promoting monocyte 

extravasation. At a local level, activated macrophages producing TNF-α may instigate 

epidermal nerve fibre damage.  

 

This study lays the groundwork for future investigations to define the role of TNF and other 

products of the infiltrating macrophage in nerve damage. An understanding of the 

inflammatory pathogenesis of NRTI-SN will allow prediction or early diagnosis so treatment 

can be applied before nerves are lost. 

 
*CHERRY C.L WESSELINGH, S. L. LAL, L. MCARTHUR, J. C. 2005. Evaluation of a clinical screening tool for HIV-
associated sensory neuropathies.  Neurology 65:1778-81 
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Chapter 1 
  

Introduction 
 

This thesis aims to increase our understanding of the inflammatory pathophysiology 

of HIV-associated sensory neuropathy (HIV-SN), with a focus on nucleoside reverse 

transcriptase inhibitor associated-sensory neuropathy (NRTI-SN). 

 

The literature review will first introduce HIV-SN by reviewing its epidemiology, sub-

categories and clinical features. This will be followed by an overview of HIV-SN 

pathogenesis, using Distal Sensory Polyneuropathy (DSP) as a model for 

neuropathological inflammatory responses in the setting of HIV.  Finally, potential 

pathways for NRTI-SN pathogenesis will be described, including mitochondrial 

dysfunction, immune activation, HIV viral proteins and chemokines. 

 

The clinical and scientific relevance of this study is then discussed, followed by the 

aims of the thesis. 
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Chapter 1 - Introduction 

1.1 HIV-associated Sensory Neuropathy (HIV-SN) 
Sensory Neuropathy (SN) is recognized as the most common neurological 

complication in patients with HIV. The condition comprises Distal Sensory 

Polyneuropathy (DSP), a complication of advanced HIV disease, and 

dideoxynucleoside reverse transcriptase inhibitors sensory neuropathy (NRTI-SN) 

associated with the use of dideoxynucleoside reverse transcriptase inhibitors (NRTI) 

(Pardo et al., 2001).  Since the introduction of antiretroviral therapy, HIV-SN occurs 

at all stages of disease and many cases are thought to be caused by exposure to 

neurotoxic NRTI (Smyth et al., 2007). NRTI-SN is clinically similar to DSP, and can 

only be distinguished by the temporal relationship between symptom onset and 

drug exposure. The relative contribution of DSP and NRTI-SN to a given case of HIV-

SN is rarely clear.  

1.2 Distal Sensory Polyneuropathy in the pre-HAART era 

1.2.1 Prevalence of DSP 

Incidence and prevalence rates of DSP in untreated HIV+ patients vary among 

studies, partially reflecting differing diagnostic criteria. Most reports associate DSP 

with late-stage HIV disease and advanced immunosuppression. The prevalence of 

DSP is around 30% in patients with late stage HIV (So et al., 1988, Norton et al., 

1996), while studies of ambulatory patients describe rates of 13-14% (Woolley, 

1997, Childs et al., 1999). Neuropathy prevalence was markedly lower in a large 

cohort of HIV+ air force recruits (Barohn et al., 1993). In all studies of DSP before the 

introduction of HAART (summarized in Table 1.1), SN was defined based on clinical 

examinations, with the exception of Griffin et al (1994) where SN was defined on 

post-mortem examination. 
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1.2.2 Clinical features of DSP 

The most common symptom is pain described as ‘aching’, ‘painful numbness’, or 

‘burning’ (So et al., 1988). It is a progressive disease that is most severe on the soles 

of the feet and is often worse at night. Patients typically present with reduced or 

absent ankle reflexes, hyperalgesia (lowered pain threshold) and allodynia (pain 

induced by normally non-noxious stimuli). Symptoms ascend proximally up the legs 

over months, and may involve hands and upper limbs. DSP is most often 

characterized by reduced or absent ankle reflexes and distal sensory loss, including 

reduced vibration sensitivity. These signs and symptoms were assessed for this 

study (section 2.1.2). 

1.2.3 Pathology of DSP 

DSP is characterised by axonopathy and distal axonal degeneration (Wulff et al., 

2000). The first stage of DSP features loss of small unmyelinated sensory fibres 

(Figure 1.1 a-b), eventually progressing into the destruction of large myelinated 

fibres (Kokotis et al., 2007). In a study at Johns Hopkins University, 100% of AIDS 

patients exhibited peripheral nerve pathology at autopsy, but only a third reported 

SN symptoms (Griffin et al., unpublished data). Similarly, early prospective studies 

reported abnormal electrophysical studies in 89% of patients, while only 42% had 

symptoms of DSP (Gastaut et al., 1989). This implies progressive nerve degradation 

occurs with advancing HIV disease, even in patients who do not exhibit overt 

symptoms. Thus HIV+ patients may be particularly vulnerable to any neurotoxin, 

including drugs such as stavudine (d4T) (discussed in detail, section 1.3.2) 
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Figure 1.1  50um skin biopsy from a) normal control and b) a HIV+ patient with 

DSP (b). Note a) is highly innervated whilst b) demonstrates reduced epidermal 

nerve fibre density and swollen nerve endings. (reproduced with permission from 

McArthur et al, 2001) 

 

1.2.4 A direct role of HIV in the pathogenesis of DSP 

While DSP pathology has been characterized, much of the disease pathogenesis 

remains unknown. Abnormal peripheral nerve function in HIV+ patients suggests 

the virus is involved in the pathogenesis of DSP. However, HIV does not directly 

infect the dorsal root ganglions (DRG) neurons in patients with DSP, rather it is 

mostly localized in perivascular inflammatory cells (macrophages and monocytes) 

and Nageotte nodules (Pardo et al., 2001). The relative paucity of HIV replication in 

peripheral and DRG tissue suggest that, while HIV may cause initial neurological 

disease, it is unlikely to play a direct role in the destruction of neurons. 

 

1.2.5 An indirect role of HIV and inflammation in the pathogenesis of 
DSP 

This is supported by the presence of prominent inflammatory cytokine infiltrates 

within the DRG and sural nerve (Figure 1.2). Immunocompromised patients with 

HIV-associated neurological disease display increased macrophage numbers in all 

areas of the nervous system, so neuronal dysfunction may result from excessive 

production of neurotoxic cytokines by activated macrophages (Bradley, 1998, 

Figure 1.1 a) Figure 1.1 b) 
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Wesselingh et al., 1994). Currently there are several hypotheses that may explain 

macrophage activation in peripheral nerves and DRG in DSP. One theory suggests 

that HIV infection makes macrophage responses to even mild axonal degeneration 

‘hyperactive’  resulting in multifocal inflammation in the nerve and DRG. A second 

theory proposes circulating activated monocytes and pro-inflammatory cytokines 

enter the DRG and peripheral nerves in excessive numbers though a leaky blood-

nerve barrier, leading to further release of chemokines and cytokines resulting in 

axonal and DRG neuronal injury. A third theory hypothesizes that secreted viral 

proteins such as gp120 act directly on chemokine receptors on DRG neurons, 

resulting in painful DSP (further covered in sections 1.4.2.5-1.4.2.8). DSP is likely 

driven by local inflammation within the nerve and DRG (Hahn et al., 2008, Kokotis 

et al., 2007). Immunopathological studies have shown activated macrophage 

infiltration within areas of axonal degeneration (Pardo et al., 2001). SIV models 

have shown macrophage mediated damage to DRG neurons was also associated 

with altered nerve function of unmyelinated nerves (Laast et al., 2011). 

 

 
Figure 1.2:  Inflammatory cytokines are present in teased nerve fibres from HIV+ 
patient with SN (reproduced with permission from McArthur et al, 2001) 

 

EBM11  

IL-1  

IL-6 

TNF 
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1.3 NRTI-SN and the prevalence/incidence of SN in the 
Post HAART era 

With HAART, many patients with HIV can predict a longer life expectancy (Palella et 

al., 1998), and there is now a focus on maintaining the patients’ quality of life. 

Indeed, the incidence of most neurological complications of HIV has declined. In 

contrast, the prevalence of SN has increased, exceeding 40% in some cohorts 

(Pettersen et al., 2006, Smyth et al., 2007). Although there is a rising interest in 

investigating SN prevalence and pathogenesis, particularly in developing countries, 

its epidemiology has been difficult to assess due to a lack of gold standard for 

diagnosis. Studies that define neuropathy as the presence of any one sign (pain, 

numbness or burning) and one symptom (absent ankle jerks, decreased vibration 

sense in the big toe) ever, are summarized in Table 1.2. This definition of 

neuropathy is comparable to our own (discussed in detail in Chapter 2, section 

3.2.1.1 and 3.2.2.1). Of all the risk factors for SN, NRTI exposure, notably stavudine 

(d4T) is significant in almost all studies. The neurotoxicity of NRTIs [the d drugs –

d4T, didanosine (ddI) and zalcitabine (ddC)] is well recognized. From the time they 

were introduced into phase 1 clinical trials, SN was the dose-limiting toxicity of all 

these agents (Cherry et al., 2003) and since then, SN has been associated with 

exposure to NRTIs in multiple cohorts. 
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NRTI-SN is clinically, histologically and electrophysiologically similar to DSP (Dalakas, 

2001). Both NRTI-SN and DSP affect the lower limb distal extremities, and both 

forms are characterized by numbness, tingling and pain (Moyle, 2000). The 

distinguishing feature of NRTI-SN is that symptoms occur after initiation of NRTI 

treatment. NRTI-SN generally occurs within 6 months post NRTI exposure. NRTI-SN 

may improve clinically after drug discontinuation or dose reduction. In other cases 

“coasting” may be seen, where symptoms increase for 2-4 weeks after drug 

discontinuation, followed by clinical improvement (Blum et al., 1996). Other studies 

have found that the SN incidence rates remain high even after dose reduction 

(Pahuja et al., 2012). NRTI-SN may persist without improvement despite cessation 

of the causative agent in patients with established NRTI-SN, reviewed in (Keswani et 

al., 2002). NRTI-SN remains common in countries where d drugs are no longer used 

in first-line HIV treatment (Ellis et al., 2010, Smyth et al., 2007).  

 

The relative contribution of NRTI-SN to total HIV-SN prevalence is still unknown. 

Results from the recent CHARTER (CNS HIV Antiretroviral Therapy Effects Research) 

study suggest that SN in the post-HAART era is not entirely due to d drug exposure. 

Of the 881 patients displaying at least one sign of neuropathic pain, 37.5% were d 

drug naïve (Ellis et al., 2010). 

1.3.1 Mechanisms of NRTIs 

NRTIs can act as alternative substrates for DNA polymerases including HIV reverse 

transcriptase. NRTIs are nucleoside analogues lacking a 3’ hydroxyl group on the 

deoxyribose sugar required for the addition of subsequent nucleotides. As HIV 

maintains its genome in an RNA format; it must reverse transcribe it into DNA in 

order to integrate with the host DNA. The incorporation of NRTIs by viral reverse 

transcriptase halts viral DNA replication. Although this reduces HIV replication to a 

clinically tolerable level, there are several serious side effects associated with the 

extended NRTI exposure, including myopathy, lipodystrophy and peripheral 

neuropathy (Kohler and Lewis, 2007). NRTIs are associated with a disruption of 

mitochondrial ultrastructures seen in muscle biopsies and decreased mitochondrial 

DNA (mtDNA) copy numbers (Cherry et al., 2002). It has been hypothesized that 
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NRTIs inhibit polymerase-, with varying levels of inhibition depending on the NRTI. 

This may attenuate electron transport chains in the mitochondria, resulting in 

diminished ATP pools needed for cellular function. Side effects of NRTI (including 

NRTI-SN) have been attributed to mitochondrial toxicity, although the exact 

method of pathogenesis is not clear (discussed in section 1.4.1.). 

 

1.3.2 Stavudine use is associated with SN risk 

Stavudine has been associated with SN since its release in 1995. Despite phase 1 

studies reporting SN as a dose-limiting side effect in 55% of patients with a 

maximum tolerable dose of 2.0mg/kg/day (Browne et al., 1993), a generic version 

of the drug was distributed as part of first line treatment in South Africa and many 

Asian countries, in accordance with World Health Organization (WHO) 

recommendation at the start of the antiretroviral therapy (ART) roll-out (WHO, 

2003). It should be noted that another d-drug (ddC) with even more severe 

neuropathic side effects was widely available in the early 1990s as part of a dual-

therapy regime along with AZT, however was phased out completely by 2006 due 

to its lack of efficacy and aforementioned side effects. Stavudine use reduced the 

cost of healthcare in HIV affected countries; the cost for treating a single decreased 

from USD$12000 to less than USD$300 per annum, a huge step for developing 

countries with limited government subsidies. 

 

Stavudine was the most commonly prescribed drug in Australia in 2001, but by 

2004 the drug was infrequently used. Tenofovir and lamivudine are now the most 

prescribed reverse transcriptase inhibitors. This has prompted concerns over its use 

in developing countries where the risks have been overridden by its low cost and 

lower risk of anaemia compared to zidovudine. The WHO has called for a cessation 

in stavudine usage as first line defence against HIV. However in many developing 

countries this is not possible; A Tanzanian study found that 58.5% of patients were 

exposed to stavudine as part of their current drug regimen (Mullin et al., 2011), and 

during 2009, stavudine was administered as first line therapy to 98% of HIV+ 

patients in Johannesburg (Cherry et al., 2010). Other countries in South East Asia 
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and South Africa have large supplies of stavudine in stock whilst access to tenofovir 

has been problematic (Rosen et al., 2008, Phan et al., 2012). This presents a 

dilemma in such resource limiting conditions.  

 

Not all patients exposed to potentially neurotoxic NRTIs subsequently develop 

NRTI-SN.  Host factors clearly affect risk. These may include low nadir CD4+ T-cell 

count, high viral load, older age, increased height, tuberculosis (TB) treatment, a 

history of peripheral nerve dysfunction due to HIV, diabetes or chemotherapy and 

host genetics, (Cherry et al., 2008, Fichtenbaum et al., 1995, Moyle, 2000, Mullin et 

al., 2011, Shurie and Deribew, 2010). The predisposition of some individuals 

highlights the need to understand pathogenesis and risk factors. This will enable 

clinicians can prescribe an appropriate drug regime for individual patients, 

particularly in countries where stavudine is still a cheap and available first line HIV 

treatment. 

1.4 Pathogenesis of NRTI-SN 
As NRTI-SN is clinically indistinguishable from DSP, we propose a similar 

pathogenesis – a theory supported by preliminary findings associating host cytokine 

genotype with the individual’s NRTI-SN risk (Cherry et al., 2008). Similarly as SN is a 

subset of neuropathic pain, it is also possible the mechanics behind the conditions 

are similar. Therefore following sections will review the larger context of 

neuropathic pain pathogenesis and how it may relate to SN. Although pathology of 

SN is still unknown, a variety of immunological, and drug and virus-associated 

mitochondrial toxicity pathways have been associated with SN in HIV+ patients. Host 

immunogenetic factors such polymorphisms within the TNF and chemokine regions 

will be discussed in section 1.4.2 and mitochondrial toxicity will be discussed in 

section 1.4.1.  

 

1.4.1 Mitochondrial dysfunction as a possible mechanism for NRTI-SN 

NRTI toxicity may be mediated by mitochondrial dysfunction (Kohler and Lewis, 

2007). All NRTI inhibit mitochondrial DNA replication through inhibition of 
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mitochondrial DNA polymerase-. Stavudine, didanosine and zalcitabine inhibit 

polymerase- potently in vitro (Benbrik, 1997). Zalcitabine also depletes 

mitochondria in axons and Schwann cells in vivo (Lewis et al., 2003). Other toxicities 

associated with NRTI therapy mimic signs of inherited mitochondrial diseases, such 

as peripheral neuropathy, hepatic steatosis, lipodystrophy, lactic acidosis, ‘ragged 

red fibre’ myopathy and pancreatitis (Moyle, 2000). Nerve biopsies collected from 

patients with ddC-induced neuropathy demonstrate mitochondrial ultrastructural 

abnormalities (Dalakas, 2001). Elevated serum lactate levels provide evidence of 

mitochondrial impairment in NRTI-SN. This was less evident in HIV-associated DSP 

(Brew et al., 2003). Observation of Increased levels of deletion mutated mtDNA in 

the distal axons of patients with HIV-SN compared to HIV+ patients without SN and 

healthy controls also implicate impaired mitochondrial function in SN (Lehmann et 

al., 2011). 

 

The neurodegenerative effect of NRTIs has been investigated in animal models, 

with varied results. Rats treated with didanosine displayed dose-dependent painful 

myelinopathy (Patterson et al., 2000). Axonal loss in peripheral nerves and ventral 

roots, myelin splitting, intramyelinic edema, axonal demyelination and 

remyelination was also observed in rabbits treated with ddC (Anderson et al., 1992, 

Anderson et al., 1994). However, the neurotoxic effects of NRTIs could not always 

be replicated (Warner et al., 1995). Combined with the lack of a clear association 

with mtDNA, this suggests that NRTI-SN pathogenesis is more complex than initially 

thought.  

 

1.4.2 Immune activation: a pathway for NRTI SN? 

As NRTI-SN is clinically indistinguishable from DSP, its pathogenesis may likewise be 

linked to immune activation and local inflammation in the peripheral nerves. This 

possibility has been raised by our studies which found an association between 

inflammatory genotypes with NRTI-SN risk (Section 1.4.2.1.1). On a larger scale, 

HAART affects circulating levels of cytokine and chemokines involved in the 
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regulation of the inflammatory system. This is reviewed and investigated further in 

Chapter 6 -. 

  A role for cytokines in NRTI-SN 1.4.2.1

As regulators of the inflammatory system, cytokines may play a role in SN. Their 

effects depend on the timing, localization and level of production. In a study of non-

HIV SN, patients with painful neuropathy had 2-fold higher blood IL-2 and TNF 

mRNA levels than patients with painless neuropathy or healthy controls (Uceyler et 

al., 2007). There were similar trends in TNF-α protein levels. This supports the 

purported hyperalgesic function of TNF-α in animal models of pain, where TNF 

applied to nerve fibres in vitro or in vivo increases electrical activity (Junger and 

Sorkin, 2000, Schafers et al., 2003). In patients, increased levels of TNF-α in the 

blood and endoneurial environment would increase c-fibre activity and thus elicit 

sensations of pain. At a local level, proinflammatory cytokine levels are likely to be 

higher than circulatory levels. Sural nerve biopsies of patients with inflammatory 

and non-inflammatory neuropathies show a positive correlation between locally 

elevated TNF-α levels and pain (Empl et al., 2001). 

 

TNF-α confers both protection against infections, but is also implicated in 

pathological conditions, such as transplant rejection, septic shock, viral replication, 

rheumatoid arthritis  (RA) and Type 1 Diabetes Mellitus (T1DM) depending on the 

timing, localization and extent of release (reviewed in (Aggarwal, 2003)). Hence 

anti-TNF-α antibodies (Infliximab) are effective in treating RA and Crohn’s disease 

(Maini et al., 1999), but promote more severe tuberculosis (Keane et al., 2001). 

Inflammatory diseases such as inflammatory bowel disease, multiple sclerosis, RA, 

systemic lupus erythematosus and type 1 diabetes mellitus (T1DM) show a 

potential association with TNF-α (Mackay and Kalled, 2002). Elevated serum levels 

of TNF-α are documented in Guillain-Barre syndrome, chronic inflammatory 

demyelinating polyneuropathy and multifocal motor neuropathy (Creange et al., 

1996, Misawa et al., 2001, Terenghi et al., 2006). 
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The inflammatory role of TNF- is explicitly shown in diabetic models of sensory 

neuropathy. Patients with T1DM experiencing diabetic neuropathy showed an 

activation of the TNF- system (Gonzalez-Clemente et al., 2005). Soluble TNFR1 and 

TNFR2 receptors were measured in the plasma of patients with >14 years of T1DM 

who were screened for sensory neuropathy. A 2.8- and 1.6-fold increased risk for 

diabetic neuropathy was observed for each 1ug/l increase in sTNFR1 and sTNFR2, 

respectively. The finding remained significant after adjusting for potential 

confounders in a multivariate analysis. This supports previous studies reporting 

diabetic nephropathy and retinopathy were associated with activation of the TNF- 

pathway (Zoppini et al., 2001, Tataranni and Ortega, 2005). 

 

In animal models of T1DM, suppression of the TNF- system has been associated 

with an improvement of diabetic polyneuropathy (Satoh et al., 2003). Daily oral 

administration of n-acetyl-cysteine (NAC), a precursor of glutathione, dose-

dependently inhibited LPS-induced serum levels of TNF- in diabetic rats. Diabetic 

rats dosed with TNF- had decreased motor nerve conduction velocity in the sciatic 

nerve, although the same effect was not observed in non-diabetic rats. Treatment 

with NAC improved the decreased motor nerve conduction velocity in diabetic rats 

previously given TNF-. NAC administration did not affect metabolic changes 

associated with T1DM, so the beneficial effects of NAC on diabetic nerve probably 

reflect inhibition of the TNF- pathway. 

 

1.4.2.1.1 TNFA genotype is a risk factor for NRTI-SN 

Expression of TNFA is regulated at the transcriptional level, so polymorphisms in 

the promoter region modulate TNFA gene expression. TNFA-1031*2 (C) (rs1799964) 

was associated with NRTI-SN in both Indonesian and Australian patients (Affandi et 

al., 2008, Cherry et al., 2007). Carriage of the minor alleles of TNFA promoter region 

single nucleotide polymorphism TNFA-308*2 (A) (rs1800629) and TNFA-857*2 (C) 

(rs1799724) have been associated with increased circulating TNF- levels (Wilson et 

al., 1997, van Heel et al., 2002). However these studies did not take into account 

that the TNF block in the central MHC is an area of high linkage disequilibrium, thus 
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rendering it possible that the polymorphisms associated with a disease phenotype 

are not the causal SNPs. Recent studies have found associations of TNF-308*2 with 

T1DM is due to LD with the diabetogenic HLA-DR3 haplotype (Kumar et al., 2012). 

This highlights the need for disease association studies to characterize areas of LD. 

Although TNF block haplotypes may have been conserved throughout evolution, I 

find that some haplotype distributions are ethnicity-dependant. This is a major 

topic of this thesis and will be further discussed in Chapter 3 - 

 

1.4.2.1.2 HFE genotype is a risk factor for NRTI-SN 

Dysregulation of iron metabolism has been implicated in NRTI-toxicity. Altered 

neuronal iron metabolism is a common factor in neurodegenerative disorders 

involving mitochondrial dysfunction (Thomas and Jankovic, 2004, Atamna, 2004, 

Atamna et al., 2002, Sadrzadeh and Saffari, 2004). Furthermore, iron deficiency has 

been associated with reversible peripheral neuropathy (Kabakus et al., 2002). 

Polymorphisms in the haemochromatosis (HFE) gene involved in hereditary 

haemochromatosis and altered iron loading [HFE C282Y (rs1800562) and HFE H63D 

(rs1799945)] were screened in didanosine/stavudine-ever-treated patients. HFE 

C282Y heterozygotes developed SN on didanosine/stavudine less often than C282Y 

non-carriers, whilst didanosine/stavudine-associated SN was uncommon in C282Y 

heterozygotes (Kallianpur et al., 2006, Hulgan et al., 2008). However it should be 

noted that the HFE gene lies adjacent to the MHC, and so may be in weak linkage 

disequilibrium with MHC alleles including TNFA. 

 

 A role for cytokines in HAART associated dementia 1.4.2.2

Although the introduction of HAART has lengthened the life expectancy of HIV+ 

patients, HIV-associated Neurocognitive Disorders (HAND) remains as prevalent as 

it was pre-HAART (20-50% of patients with advanced HIV infection) (Sacktor, 2002, 

Cysique et al., 2004, Cysique and Brew, 2009, Antinori et al., 2007, Heaton et al., 

2010). The less fulminant form of neurological dysfunction (minor cognitive/motor 

disorder, MCMD) is more common than frank HAD after the introduction of HAART 

(Heaton et al., 2010). This mirrors the increased rates of SN observed in patients 
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post HAART era (refer to section 1.3). HAND is characterized as a sub-cortical form 

of neurocognitive disorder, defined by deficits in attention and psychomotor skills  

 

There are numerous hypotheses for the long term course of HAND; this thesis will 

focus the pathways of inflammatory dsyregulation shared with HIV-SN. HAND is 

attributed to HIV-infected macrophages crossing the blood brain barrier to release 

gp120, cytokines (TNF-) and/or chemokines into the central nervous system (CNS). 

This results in the activation of macrophages and microglia, causing the release of 

toxins that lead to neuronal and astrocytic dysfunction. This is supported by 

observations of increased levels of TNF-  (Grimaldi et al., 1991, Perrella et al., 

1992) and IL-1 (Perrella et al., 1992) in the CSF and brains of patients with HAD 

compared to those without. This remains contentious as other studies did not 

observe a difference in cytokine levels between HAD patients and controls (Gallo et 

al., 1989, Tyor et al., 1992), and only a weak association was observed between CSF 

levels and the severity of HAD. However post-mortem staining of HAD brain tissue 

found increased levels of MHC-class II molecules, IL-1 and TNF-  in the frontal 

cortex and white matter (Tyor et al., 1992), while increased levels of TNF- mRNA 

was observed in the frontal cortex white matter of patients with HAD compared to 

those without (Wesselingh et al., 1993), and TNF-  mRNA levels also correlated 

with dementia severity (Wesselingh et al., 1993). TNF- can induce quinolinic acid 

(an end product of kynurenine pathway activation) in macrophage cultures 

(Pemberton et al., 1997), potentially resulting in chronic neuroinflammation, 

amyloid plaque formation and increased HIV-replication in the brain (Achim et al., 

1993). CSF quinolinic acid levels correlate with HAND severity (Heyes et al., 1991, 

Valle et al., 2004). The effects of host cytokine genetic polymorphisms on HAD risk 

is investigated in Chapter 5. 

 Chemokines in the context of inflammation and neuropathic 1.4.2.3
pain 

Chemokines play various roles in host immune and inflammatory systems, but their 

levels in HIV+ patients, the effects of ART and their role in SN are not well 

characterised. Of particular interest are chemokines that control recruitment of 
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leukocytes in inflammation and tissue injury. In one study, zidovudine-treated 

individuals displayed enhanced in vitro production of CCL5 (Regulated upon 

Activation, Normal T-cell Expressed and Secreted/RANTES) in cultured CD8+ T-cells. 

In longitudinal studies, increased levels of CCL5 were observed as early as 4 weeks 

after ART initiation (Aukrust et al., 1998, Bisset et al., 1997). CCL5 produced by 

cultured CD4+ and CD8+ T-cells inhibited HIV gene-expression before initiation of 

ART. This was significantly associated with having undetectable viral loads for 1 year 

(Fransen et al., 2000). In contrast, plasma CXCL10 levels significantly decreased 

after 24-weeks of ART (Relucio et al., 2005). 

 This emphasizes the need to investigate chemokines individually. A summary of 

proinflammatory cytokines and chemokines is listed in Table 1.3. Although the role 

of chemokines and chemokine receptors have been studied in many inflammatory 

and autoimmune disorders including RA, asthma and non-HIV SN, none have 

investigated HIV-SN.  
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Table 1.3  The role of cytokines and chemokines in pro-inflammatory responses 

Cytokines Role in the inflammatory system 

TNF- 

Cytokines produced predominantly by activated immune cells and 
involved in the amplification of inflammatory reactions. TNF- is one 
of the cytokines most frequently cited as having a destructive effect, 

related to demyelination 
 

IL-1 
IL-1 stimulates HIV-1 replication; also cytotoxic to some cells 

 

IL-6 
Involved in inflammatory response to tissue damage may be 

elevated in HIV-associated neurocognitive impairment 
 

Chemokines Role in the inflammatory system 

CCL2/MCP-1 

Chemoattractant for human monocytes produced by monocytes, 
lymphocytes and fibroblasts during tissue injury. CCR2 increase 

observed in rodent models of NRTI-SN 
 

CCL5/RANTES 
 

CCR5 receptor ligand that attracts  CD4+ T lymphocytes with some 
preference for T cells of the naïve CD45RA phenotype 

 

CX3CL1/Fractalkine  
CXC3CL1 is the only known member of the CX3C family; expressed in 

CNS and partially blocks the effects of TNF- 
 

CXCL12/SDF-1 

CXCL12 is the only known ligand for CXCR4 and blocks infection by 
HIV-1 types using this co-receptor. An increase in CXCR4 expression 

is observed in rodent models of NRTI-SN 
 

CXCL10/IP-10 
Recruits T-Cells and NK cells to sites infection and inflammation 

 

 

 Chemokine and cytokine upregulation in neuropathic pain 1.4.2.4

Several hypotheses may explain how multifocal inflammation in nerves and DRG 

translates to neuropathic pain. The first hypothesis suggests that peripheral nerve 

fibre injury induces spontaneous activity in neighbouring uninjured nociceptive 

fibres. This has been shown in animal models (Schafers et al., 2003) and in 

Wallerian degeneration (Wu et al., 2001). Macrophage-mediated inflammation in 

the DSP suggests the local release of proinflammatory cytokines hypersensitizes 

nerves (previously discussed in section 1.2.5).  It is known that neuropathic pain is 

maintained by spinal glial cells releasing potent neuromodulators, such as 

proinflammatory cytokines, chemokines and growth factors (Abbadie, 2005, 

Abbadie et al., 2009, Inoue, 2006, White and Wilson, 2008).  
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An alternative hypothesis involves proinflammatory cytokines such as TNF-, IL-1β 

and IL-6. These are implicated in neuropathic pain (Kieseier et al., 2002, Lindenlaub 

and Sommer, 2003). This was discussed in Section 1.4.2.1. 

 

The role of chemokines and their receptors are unclear. Chemokines are highly 

expressed by neurons, glia and neural progenitor cells. It is therefore also 

hypothesized that neurological conditions accompanied by innate immune 

activation (such as HIV-SN and HAD) are mediated by altered chemokine signalling. 

Examples of proposed mechanisms are detailed below. 

 
 

 CCL2/CCR2 interactions are upregulated in rodent models of 1.4.2.5
NRTI-SN and neuropathic pain 

The role of CCL2/CCR2 in NRTI-associated sensory neuropathies has been 

investigated in animal models. Typically CCL2 mediates recruitment of monocytes 

and activating macrophages at sites of peripheral nerve injury. Systemic treatment 

of ddC, nerve treatment with HIV1-envelope protein gp120, or a combination of the 

two treatments produces pronounced changes in CCL2 in sensory neurons of the 

DRG in rodent models (Wallace et al., 2007), although the former is currently 

controversial (Bhangoo et al., 2009). In rats treated with gp120 alone, mechanical 

hypernociception developed post operation day 5 and lasted until at least post-

operation day 28 in conjunction with a rapid increase of CCR2 mRNA and CCL2 

protein signalling events were upregulated in neurons of affected DRG. Treatment 

of a CCR2-antagonist was effective in transiently eliminating gp120 and NRTI-

induced mechanical hypernociceptive behaviour (Bhangoo et al., 2009). Taken 

together, studies suggest an important as yet undefined role for the CCL2/CCR2 

signalling pathways in HIV-1 associated neuropathies. 

 

There are several lines of evidence implicating upregulation of CCL2/CCR2 

interactions and modulation of neuropathic pain.  Firstly, peripheral nerve injury 

upregulates expression of CCL2 and CCR2 in DRG neurons in animal models 
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(Bhangoo et al., 2009).  Secondly, CCR2 knockout mice displayed decreased rates of 

macrophage infiltration and delayed degeneration of peripheral nerve during 

Wallerian degeneration (Siebert et al., 2000) and demonstrated a lack of 

neuropathic pain after sciatic nerve injury (Abbadie et al., 2003). Thirdly, 

administration of a CCR2 receptor antagonist blocked mechanical hypernociception 

in a focal demyelination model in which both CCL2 and CCR2 expression were 

upregulated (Bhangoo et al., 2007a).  

 

Finally in studies of animal models of chronic compression of DRG, CCR2 mRNA was 

highly expressed by injured DRG and to a lesser extent surrounding DRG. 

Conversely, the DRG of uninjured animals displayed no increase of mRNA 

transcripts. The neuronal upregulation of CCR2 gene expression mirrored the 

upregulation of CCL2 protein after injury. Possibly as a result of the CCR2 receptor 

upregulation, numbers of macrophages were increased in injured DRGs compared 

to uninjured DRG.  However increased neuronal production of CCL2/CCR2 did not 

begin until post operation day 5 and often lasted until day 24, implicating 

CCL2/CCR2 in chronic rather than acute neuropathic pain (White et al., 2005). 

 

 CXCL12/CXCR4 is implicated in NRTI-SN in animal models 1.4.2.6

CXCR4 is involved in neuronal signalling pathways and CXCL12/CXCR4 interactions 

have been implicated in the pathogenesis of NRTI-SN in animal models. CXCR4-

mediated apoptosis in neuronal cultures may be induced by both HIV-1 

glycoprotein gp120 and CXCL12, indicating a potential role of this receptor in 

neurodegeneration (Hesselgesser et al., 1998). Under normal conditions, CXCR4 is 

expressed by numerous DRG satellite glial cells and Schwann cells, as well as some 

neurons. CXCL12 is the sole ligand for CXCR4, and is primarily expressed in non-

neuronal glial cells of the DRG under normal conditions. CXCL12 causes 

neurotoxicity in central nervous system cultures and is overexpressed by peripheral 

non-neuronal cells in the DRG and spinal cord during states of pain hypersensitivity 

in animal models (Oh et al., 2001). 
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Rodent models have been used to study the role of CXCL12/CXCR4 in NRTI-

associated sensory neuropathies. CXCL12/CXCR4 signalling has been implicated in 

the production of NRTI-induced neuropathic pain (Bhangoo et al., 2007b). Systemic 

treatment of ddC, HIV-1-envelope protein gp120 or both, increased CXCL12/CXCR4 

signalling in DRG neurons and associated glia and microglia. In rats treated with 

ddC, CXCR4 mRNA expression was upregulated in both neurons and glia. There was 

also an increase in CXCL12 mRNA in glial cells. Administration of the CXCR4 

antagonist Plerixa temporarily reversed pain in ddC-induced neuropathic animals. It 

is notable that ddC upregulated CXCR4 and not CCR2 or CCR5 (Bhangoo et al., 

2007b).  

 

The cellular events through which CXCL12/CXCR4 signalling mediates neuropathic 

pain are unknown. CXCR4 receptors may enhance effects of gp120 which can excite 

cultured DRG. This may stimulate the release of CXCL12 where gp120 enhanced 

transmitter release from cultured astrocytes (Bezzi et al., 2001). This has also been 

replicated using cultured DRG neurons and Schwann cells in which CXCR4 receptors 

expressed by Schwann cells and DRG neurons played a key role in mediating gp-120 

induced degeneration. CXCR4 ligation can induce the production of chemokines 

involved in the apoptotic pathway, such as CCL5 (See section 1.4.2.8). Keswani et al 

demonstrated that CXCR4-induced neurotoxicity is mediated by CCL5, which is 

produced by CXCR4 ligation on Schwann cells (Keswani et al., 2003). It is likely the 

effects of gp120 combined with the increase in expression of CXCR4 following NRTI 

treatment results on a synergistic effect on neuropathic pain. 

 

 CX3CL1/CX3CR1 is a critical mediator for neuropathic pain 1.4.2.7

CX3CL1 is expressed in spinal cord and DRG neurons and CX3CR1 is highly expressed 

in microglia. Spinal nerve injury induces production of CX3CL1 in spinal astrocytes 

(Lindia et al., 2005), as well as a marked reduction of the membrane-bound CX3CL1 

in the DRG (Zhuang et al., 2007).  Rodent studies show that injection of CXC3CL1 

into the spinal cord induces increased mechanical allodynia (Milligan et al., 2005) 

and thermal hyperalgesia (Milligan et al., 2004). Pain hypersensitivity induced by 



 Chapter 1 - Introduction 

22 
 

CX3CL1 is abated in CX3CR1 knockout mice (Staniland et al., 2010). Furthermore, 

the introduction of a CX3CR1 or CX3CL1 neutralizing antibody mitigates 

development of mechanical allodynia in spinal nerve injury neuropathic pain 

models (Zhuang et al., 2007). Although the role of CX3CL1/CX3CR1 in HIV-

associated sensory neuropathy has not been addressed, CX3CL1/CX3CR1 may act as 

a neuronal to glial messenger that amplifies ongoing pain producing mechanisms, in 

response to inflammatory cytokines such as TNF-α produced in HIV-associated 

neuropathies. 

 

 CCL5 mediates the neurotoxicity of CXCL12 and gp120 1.4.2.8

HIV infection is commonly associated with axonal damage and clinical presentation 

of small fibre neuropathy is partly due to the effects of the virus. There is increasing 

evidence supporting a role for direct and indirectly mediated HIV-1 gp120-

chemokine interactions. (Bhangoo et al., 2007b, Zheng et al., 1999, Jones et al., 

2005).  gp120 may bind directly to the chemokine receptors CXCR4 and/or CCR5 

(depending on viral strain) expressed on neurons and glial cells (Pardo et al., 2001). 

This in turn initiates neurotoxic cascades which may underlie the pathogenesis of 

HIV-associated peripheral neuropathic pain (Bhangoo et al., 2007b, Wallace et al., 

2007). Indeed, gp120-CXCR4 interactions can cause neurotoxicity (Oh et al., 2001) 

and peripheral axonal damage (Melli et al., 2006). This likely leads to small-

diameter axonal loss, associated with the ‘dying back’ pattern of axonal 

degeneration characteristic of HIV-associated peripheral neuropathy. gp120 can 

induce neuropathic changes in primary sensory neurons in vitro (Keswani et al., 

2003, Melli et al., 2006, Oh et al., 2001) and in a rodent model in which perineural 

administration of HIV gp120 leads to the development of pain-like behaviour in rats 

as well as neuropathic changes in axons and sensory neurones (Wallace et al., 

2007). 
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1.4.3 gp120 may indirectly cause neuropathic pain through TNF-α 
mediated inflammatory damage. 

The neurotoxic effect of gp120 may be indirect, with neurotoxicity caused by 

inflammatory cytokines released by glial or microglia cells (Milligan et al., 2000). 

HIV-infected or gp120-activated microglia release inflammatory cytokines, including 

TNF-α and IL-1β; both well known mediators of inflammatory disease. TNF-α and IL-

1β stimulate release of L-cysteine from macrophages. Under physiological or 

pathophysiological conditions, L-cysteine can cause neuronal apoptosis. TNF-α can 

stimulate apoptosis in human neurons; however an indirect route of injury cannot 

be excluded. TNF-α and TNFR expression are elevated in brains from patients with 

HAD (discussed further in section 1.4.4). TNF-α and HIV/Tat synergize to promote 

neuronal death, which can be prevented by antioxidants. TNF-α may activate 

caspases within neurons via TNFR1 which is found on some neurons, triggering 

caspase-8 activation, ultimately leading to apoptosis.  Antibody neutralization of 

TNF-α or inhibition of caspase-8 prevents the neurotoxicity of HIV/gp120 in 

cultured cerebrocortical neurons (caspase-8 activity activates caspase-3 resulting in 

neuronal death). These findings implicate inflammatory cytokines, including TNF-α 

and IL-1β, in HIV-associated neuropathology. Figure 1.3 summarizes a potential 

pathogenesis of SN involving inflammatory mediators. 
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Figure 1.3  A proposed model for neuronal damage in the setting of HIV-SN 

1.4.4 Role of chemokines in other HAART-associated syndromes 

Up to 45% of HIV-1 infected patients on ART experience an episode of infectious or 

inflammatory disease during the first 6 months of therapy at a time when numbers 

of memory CD4+ T-cells are on the rise, reviewed (Price et al., 2009). This is termed 

“Immune Restoration Disease” (IRD) and parallels the restoration of immune 

responses against pre-existing often sub-clinical infections by opportunistic 

pathogens. The immune response becomes immunopathological rather than 

protective. Although the mechanisms behind the inflammatory aspects of IRD after 

ART remain unknown, chemokines have been implicated. A previous study by our 

group showed CXCL10 and CCL2 were all correlated with alaninetransaminase levels 

in 36 HIV/Hepatitis B (HBV) co-infected patients 8 weeks after initiating ART (Crane 

et al., 2009).  HIV+ patients displayed elevated CXCL10 plasma levels when 

compared with healthy controls.  CXCL10 has been implicated in the development 

of tuberculosis-associated IRD (TB-IRD). CXCL10 plasma levels were elevated in a 

cohort of Cambodian HIV+ patients who developed TB on ART when compared to 

HIV+ patient controls who did not develop TB-IRD in a longitudinal study. After 

splitting TB-IRD patients cohorts into Tuberculosis-associated immune 
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reconstitution inflammatory syndrome (TB-IRIS a paradoxical worsening of TB after 

ART) and ART-TB (presentation of new TB after ART), TB-IRIS patients displayed 

similar CXCL10 levels pre-ART and at time of IRD. However CXCL10 levels in HIV+ 

patient controls measured at an equivalent timepoint were significantly lower than 

pre-ART CXCL10 levels. In contrast, no change in CXCL10 levels was observed in TB-

ART patients or their control participants at pre-ART and TB-ART timepoints. Levels 

of CXCL10 were also higher in TB-IRIS patients compared to TB-ART participants, 

suggesting the chemokine is involved in the immunopathogenic pathway of TB-IRD. 

The relationship between IRD and HIV+ patient plasma chemokines levels is 

investigated in Chapter 6 -. 

 

1.4.5 Chemokine SNP association with inflammatory and 
immunoregulatory diseases 

Alterations to chemokine and chemokine receptor expression have been observed 

in many inflammatory and immunoregulatory diseases. The effect of chemokine 

levels on neuropathy are discussed in Section 1.4.2.3 to 1.4.2.8. Several SNP in the 

chemokine (and receptor) gene promoter and coding regions have measurable 

phenotypes in vitro and in vivo. This includes the CCL2/MCP-1 gene. 

 

In the CCL2 gene, three SNPs in the distal regulatory region (-2136*2 (T), -2518*2 

(G), -2835*2 (G)) and one in an intron (746*2 (G)) have been associated with 

increased levels of CCL2 proteins. However, most studies investigating disease 

pathogenesis have focussed on the MCP-1-2518 polymorphism. 

 

Carriage of the MCP-1-2518*2 allele has been associated with decreased risk of 

acquiring HIV-1 (Gonzalez et al., 2002). One possible explanation is that the -2518*2 

allele increases CCL2 levels, limiting HIV access to CCR2. Conversely, the same study 

observed that MCP-1 -2518*2 homozygosity is associated with faster progression to 

AIDS. 
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MCP-1-2518 allele status may also influence HIV-associated diseases. HIV-infected 

patients carrying MCP-1-2518*2 have an increased risk of atherosclerosis. 

Furthermore GG homozygotes have a 4.7-fold higher likelihood of developing HAD. 

Higher levels of CCL2 in cerebrospinal fluid may increase transmigration of HIV-

infected leukocytes through the blood-brain barrier. However (Singh et al., 2004) 

found no association between MCP-1-2518*2 alleles and HAD, despite their study 

being powered in accordance with the predominantly Caucasian cohorts. 

 

1.5 Clinical and scientific relevance of this study 
HIV+ patients in the developed world can now expect uninterrupted access to 

optimal HAART and a reduced rate of morbidity and mortality. Although the 

incidence of most HIV-associated neurological complications has fallen, HIV-SN 

remains common. Individuals with symptomatic, neuropathic pain whilst on ART 

experience a decreased quality of life, physical and mental health compared to 

patients without neuropathic pain and healthy uninfected individuals (Ellis et al., 

2010).  

 

Until recently, generic stavudine was often prescribed in developing nations, as it 

was made in Thailand, Indonesia and South Africa. Many patients remain on this 

drug as it is cheap and readily available. As high rates of NRTI-SN are continually 

being reported in stavudine-exposed patients in resource limited regions, it is 

imperative to identify host risk factors with the final aim of preventing d-drug 

exposure to those most susceptible to NRTI-SN. Although numerous studies have 

examined the pathogenesis of HIV-associated SN, little is known about the disease 

pathways responsible for NRTI-SN. Furthermore many patients in resource limited 

countries begin ART late, and hence are at risk of developing DSP pre-ART. Protease 

inhibitors have also been associated with SN (Pettersen et al., 2006). 
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1.6 Aims of the thesis 
The primary aim of this project is to achieve a more thorough understanding of the 

aetiology of pathophysiology underlying NRTI-SN with the ultimate goals of finding 

a simple predictive algorithm and treating existing and developing neuropathy. An 

algorithm that identifies people most susceptible to neuropathy would allow 

clinicians in resource limited areas to prioritize non d-drugs to these patients. This 

project aims to elucidate the underlying pathophysiology of NRTI-SN though clinical 

and basic research endeavours, using a three-tiered approach: 

 

1. To determine whether host TNF block haplotypes act as a predictor of SN risk in 

HIV+ patients of Caucasian, Malay, Chinese and South African descent.  This study 

answers the following questions: 

 Are TNF block haplotype frequencies and distribution ethnicity-specific? 

 Does an individual’s TNF block haplotype affect their risk of presenting with 

SN while on ART treatment? 

 Do the same TNF block haplotypes affect their risk of presenting with HIV-

associated neurocognitive disorder? 

 

2. To investigate the effect of ART on circulating plasma chemokines, and associate 

levels of plasma chemokines with NRTI-SN in a cohort of patients initiating ART in 

Malaysia with advanced immunodeficiency and many opportunistic infections. This 

study answers the following questions: 

 Does ART alter circulating plasma chemokines in HIV+ patients over 6, 12, 24 

and 48 weeks of treatment? 

 Are patterns of chemokine change linked to susceptibility to NRTI-SN or 

other ART-associated inflammatory diseases? 

 Do chemokine SNP affect:  

o an individual’s susceptibility to NRTI-SN or other ART-associated 

inflammatory diseases? 

o an individual’s chemokine response to ART? 
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3. To investigate the accumulation of inflammatory cytokines around nerve fibres in 

patients with early, late and post-mortem stages of neuropathy in vivo. To this end I 

will visualise macrophage and TNF-α involved in the Wallerian degeneration of 

intraepidermal nerve fibres in HIV+ patients with sensory neuropathy. 
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Chapter 2  
 

Materials and methods 
 

This chapter presents general descriptions of the assays and antigens/stimulants 

used throughout my thesis. The assays include TaqMan genotyping, ELISA, 

immunohistochemical and immunofluorescent staining techniques. Each results 

chapter will then have a separate section to describe the cohort of patients used 

and assays performed. 



 Chapter 2 – Materials and Methods 

30 
 

Chapter 2 - Materials and Methods 

2.1 Study cohorts 
Study cohorts used are fully described in the results chapters. 

 

2.2 ACTG Brief Peripheral Neuropathy Screening tool 
Patients were screened for neuropathy using the AIDS Clinical Trials Group Brief 

Peripheral Neuropathy Screening Tool (ACTG BPNS) (Cherry et al., 2005). Advantage 

of this tool include that it surveys both neuropathic symptoms and signs, is quick to 

administer, has been designed for use by non-medical staff and is validated in the 

context of HIV. Neuropathy was defined as present if a patient described one or 

more neuropathic symptoms (any of pain, aching or burning; “pins and needles”; 

numbness) together with at least one clinical sign (either reduced vibration sense 

using a 128Hz tuning fork, or absent ankle reflexes.  

 

2.3 Methods for genetic studies 

2.3.1 Sample collection and DNA extraction 

 

DNA was extracted from the collected donor saliva or blood neutrophils samples 

using the QIAGEN Mini Blood Extraction kit according to manufacturer’s protocol 

and stored at -20oC until assayed. 

 

2.3.2 PCR assays: SNplex, Amplifluor, TaqMan and GoldenGate 
genotyping 

 Snplex and Amplifluor 2.3.2.1

DNA samples from the Busselton, Perth, Malay Kuala Lumpur, Chinese Kuala 

Lumpur (Section 3.2.3) and Australian HIV-SN (section 3.2.2) cohorts were 

genotyped in the Centre National de Génotypage (Evry, France) using high 

throughput methods, specifically SNPlex and Amplifluor. 
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The SNPlex Genotyping System (SNPlex; Applied Biosystems) was used to identify 

alleles of 48 SNP. Candidate polymorphisms were submitted to the SNPlex Assay 

Design Pipeline (Applied Biosystems, http://www.appliedbiosystems.com) to 

produce a SNPlex panel. Each SNP allele was ligated to an allele-specific 

oligonucleotide, and then hybridized with a Zipchute probe with a mobility modifier 

and a fluorescent label, allowing the probe to be separated and detected by 

capillary electrophoresis. Detection was performed using an Applied Biosystems 

3730xl DNA Analyzer. Data were analysed using GeneMapper® Software 4.0. This 

work was performed by staff of CNG and by Cheryl Tan (UWA Honours student 

2006). 

  

For Amplifluor reactions, primers were designed using AssayArchitect 

(www.assayarchitect. com) and reaction conditions were applied according to 

manufacturer’s recommendation in a 5µl final volume using a kit (Serologicals 

Corp., www.serologicals.com) and Titanium Taq (Ozyme, France). Amplifluor 

reactions were performed in a H2OBIT thermal cycler (ABgene, www.abgene.com). 

Thermal cycling profiles were as follows: 94oC for 4 min, followed by 20 cycles of 

(94oC for 10 sec, 55oC for 5 sec, 72oC for 10 sec), followed by 22 cycles of (94oC for 

10 sec, 55oC for 30 sec, 72oC for 40 sec) and a final extension phase at 72oC for 60 

sec. Fluorescence was detected using an ABI Prism 7900HT (Applied Biosystems, 

www.appliedbiosystems.com) and used to assign genotypes. Amplifluor genotyping 

was performed by staff of CNG and by Prof Patricia Price. 

 

 TaqMan genotyping 2.3.2.2

Commercial “off the shelf” and custom “Assay-by-Design” TaqMan assays supplied 

by Applied Biosystems (ABI, Foster City, CA), were used for allelic discrimination of 

patient DNA. Primers and probes for each assay were established and synthesized 

by Applied Biosystems. Automated design of the primers and probes were 

manufactured by ABI following the recommended guidelines. Each TaqMan assay 

contains two types of fluorogenic, allele-specific probes. Each probe consists of an 

oligonucleotide labelled with a fluorescent reporter dye at the 3’ end (FAM, VIC) 
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and at the 5’ end a ‘quencher’ dye that suppresses fluorescence from the 3’ 

reporter dye when in close proximity. The high specificity of hybridization is 

imparted by the use of short oligonucleotides and a minor groove binder that 

promotes formation of stable duplexes to reduce mismatches, thus improving 

allelic discrimination between the probes. 

 

During Polymerase Chain Reaction (PCR) amplification, the probe hybridizes to its 

corresponding DNA sequence. Initially the 5’ quencher suppresses 3’fluorescence, 

as the energy from the 3’-reporter fluorophore is absorbed through Foster 

resonance energy transfer. Following degradation of the probe by Taq polymerase, 

the 3’ fluorophore is released and allowed to fluoresce, resulting in an increase in 

the fluorescence intensity of the reporter dye, signalling the identification of an 

allele. 

 

Allelic discrimination is detected as significantly increased levels of fluorescence of 

the reporter dyes over background and is recorded as individual DNA sample points 

and presented in a scattergraph formation. Clusters correspond to a particular 

genotype or to PCR failure. DNA samples with increased fluorescence from either 

one of the two reporters were recorded as homozygote of the relevant allele, while 

simultaneous fluorescence from both reporters as recorded as heterozygosity for 

the polymorphism. 

 

 Illumina GoldenGate Genotyping Assay 2.3.2.3

Illumina GoldenGate Genotyping Assay was used to genotype samples from the 

South African cohort (Section 4.2.1.1) and subsets of the Caucasian, Malay and 

Chinese SN cohorts (Section 4.2.1.2). Assay runs were performed by Dr Zané 

Lombard at the National Health Laboratory Service, (Johannesburg, South Africa). 

For each run, a plate of 96 samples with 250 ng of unamplified genomic DNA was 

genotyped using the ‘‘GoldenGate Genotyping Assay for VeraCode Manual 

Protocol’’ (Illumina Part# 11275211), following the manufacturer’s instructions. 

VeraCode technology employs cylinder microbeads with an internal barcode to 
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differentiate bead types that correspond to different SNP loci. Each microbead is 

also coated with oligonucleotides containing a unique address that hybridizes to the 

labelled products. During scanning on the BeadXpress Reader, the bead codes and 

cy3/cy5 signal intensities are measured across replicated sets of beads to assign the 

SNP alleles. 

 

2.3.3 Reagents and assays used in TaqMan genotyping 

Table 2.1 Reagents used in TaqMan Assays 

 

Reagents Manufacturer Concentration 

TaqMan® Universal PCR Master 
Mix 

Applied Biosystems 1x 

TaqMan SNP genotyping assay Applied Biosystems 20x 

ddH20   
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 TaqMan genotyping assays 2.3.3.1

Table 2.2  List of TaqMan Assays used 

 

rs number Gene TaqMan assay catalogue number  
rs2523506 BAT1 C_26778958_10 
rs2844509 BAT1 C_3273595_10 
rs2230365 NFKBIL C_16134796_10 
rs1799964 TNFA C_7514871_10 
rs1800629 TNFA C_7514879_10 
rs1799724 LTA C___2590362_10 
rs17561 IL1A C___3223115_10 
rs1143634 IL1B C___9546517_10 

rs16944 IL1B C___1839943_10 
rs2069705 INFG C__15944115_20 
rs1800562 HFE C___1085595_10 

rs1799945 HFE C___1085600_10 
rs3760396 CCL2 C__27478341_10 
rs4586 CCL2  C__11939405_1_ 
rs1024610 CCL2 C___7449817_10 
rs1024611 CCL2 C___9546471_10 
rs1799864 CCR2 C__11918223_10 
rs2107538 CCL5 C__15874407_10 
rs2280788 CCL5 C__15874396_20 
rs7412 APOE C____904973_10 
rs429358 APOE C___3084793_20 

 

2.3.4 TaqMan conditions 

DNA samples were diluted to a concentration of 10ng/µL and plated onto 384 well 

plates (MicroAmp™ Optical 384-Well Reaction Plate, ABI, Foster City, CA). The 

samples were dried overnight at room temperature and subsequently stored at 4oC.   

 

Thermocycling was performed using real-time PCR thermal cycler LC480 (Roche 

Applied Science, Penzberg, Germany) on the following profile: 95oC for 10 minutes, 

followed by 40 cycles of 92oC for 15 seconds, 60oC for 1 minute. During the cycles, 

fluorescence emission is measured every cycle at the appropriate wavelength(s) 

within each well. Fluorescence was then analysed using LC480 software (LightCycler 

480 software version 1.2.9.11) and arranged into a scatter plot representing each 

genotypic population.  
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2.3.5 Bioinformatics 

 Conversion of data 2.3.5.1

Genotype data was saved as an .CSV file and converted into appropriate 

input formats (GENEPOP, PHASE, HAPLOVIEW) using the python based 

program “converse2.py” developed in this lab by Mr Fabio Valente (Masters 

student, 2008). 

 Analysis of genotyping success rates, minor allele frequencies 2.3.5.2
and linkage disequilibrium 

The genotyping success rate (GSR; the percentage of non-missing genotypes) and 

the minor allele frequency (MAF) were analyzed for each SNP in each cohorts. Allele 

and genotype frequencies in each ethnic group were assessed for deviation from 

Hardy-Weinberg equilibrium (HWE; stable frequency distribution of genotypes that 

is a consequence of random mating) using GENEPOP v3.3 (Rousset and Raymond, 

1995). HWE was tested using the “exact HW test” of (Guo and Thompson, 1992), 

with a null hypothesis (H0) of random union of gametes. Results were considered 

significant when the HWE p-value (i.e. the probability that deviation from HWE 

could be explained by chance) was ≤0.05. 

 

Pair-wise linkage disequilibrium was examined using the HAPLOVIEW v4.0 program 

(Barrett et al., 2005). Linkage disequilibrium (LD) between the different pairs of 

SNPs was determined in terms of the r² measure, which represents the statistical 

correlation coefficient between two sites. A value of 1 was assigned if two loci 

always co-occur on the same haplotype (complete LD). 

 

 PHASE reconstruction of haplotypes 2.3.5.3

The PHASE algorithm (Stephens and Donnelly, 2003, Stephens et al., 2001)was used 

to statistically infer TNF block haplotypes and estimate their frequencies within 

populations. Multiple iterations of this algorithm were performed and any 

haplotype that had a frequency of less than 1% in any population was excluded 
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from further analysis to avoid possible estimation errors (Adkins, 2004). The FV 

haplotype series was described by Mr Fabio Valente (Masters, student 2008) as part 

of his Masters thesis (Valente et al., 2009b). 

 

 Visualization of haplotype phylogeny 2.3.5.4

To visualize the relationship clustering between haplotypes, Clustal X2 software was 

used to order the haplotypes in terms of visual similarity. All different haplotypes 

were used to build a phylogenic tree by a parsimony method which chooses the 

tree that minimizes the number of mutation events. The DNA parsimony (dnapars) 

algorithm of the PHYLogeny Inference Package (PHYLIP) software package 

(Felsenstein, 1989) was used to reconstruct the tree. This gives a way to cluster and 

to represent the history of the TNF block haplotypes. The phylogenic tree remained 

unrooted as there is no information about a potential “ancestral” haplotype. 

 

The evolution of the TNF block haplotypes through different ethnicities was 

visualized using the NJPLOT tree drawing program (Perriere and Gouy, 1996) 

 

2.3.6 Statistical analysis of genetic disease association studies 

Demographic details and mini-haplotypes were compared between groups using 

chi2 tests (dichotomous variables), Wilcoxon rank-sum tests [non-normally 

distributed continuous variables, described using median and interquartile range 

(IQR)] or unpaired t-tests [normally distributed continuous variables, described 

using mean + standard deviation (SD)]. Logistic regression modelling was used to 

identify factors independently associated with SN risk. All factors associated with 

disease risk on bivariate analysis (p<0.1) in any cohort were included, and a step-

wise removal procedure was used to obtain the final multivariate model. Statistical 

analyses were performed using Stata 9.2 (Stata-Corp; College Station, TX). For 

specific analysis parameters used, please refer to individual results chapters. 
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2.4 Enzyme Linked Immunosorbent Assays (ELISA) 

2.4.1 Assays and reagents used for the assessment of plasma 
chemokine levels 

 CCL5 & CX3CL1 2.4.1.1

Commercially available DuoSet® ELISA Development Systems (R&D systems 

Minneapolis, MN USA) were used to measure CCL5 (catalogue number: DY279) and 

CX3CL1 (catalogue number: DY365) in donor plasma. 

 CCL2 & CXCL10 2.4.1.2

 CXCL10 and CCL2 were assayed in donor plasma using BD OptEIA Kits purchased 

from BDBiosciences (catalogue number: 550926 and 55179 respectively) 

 

Table 2.3  Reagents used in R&D Duoset ELISA assays 

 
Buffers and Solutions Concentration/Volume 

PBS 137mM NaCl, 2.7mM KCl, 8.1mM 
Na2HPO4, 1.5mM KH2PO4, pH 7.2, 0.2uM 

filtered 
 

Wash Buffer 0.05% Tween ®-20 in PBS, pH 7.2 
 

Reagent Diluent 1% BSA in PBS, pH 7.2 0.2um filtered 
 

Substrate Solution 1:1 mixture of H2O2 and 
Tetramethylbenzidine 

 

Stop Solution 2N H2SO4 
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Table 2.4  Antibodies used in used in CX3CL1 ELISA assays 

Reagents R&D part number Concentration/Volume 

Capture Antibody (mouse 
anti-human CX3CL1) 

 
840486 4.0ug/mL PBS 

Detection Antibody 
(biotinylated mouse anti 

human CXC3CL1) 
 

840487 
500ng/mL Reagent 

Diluent 

Standard 
(recombinant human 

CXC3CL1) 
 

840488 
Top standard 20ng/mL 

Reagent Diluent 

Streptavidin-HRP 
 

890803 Reagent Diluent 

 

Table 2.5 Antibodies used in used in CCL5 ELISA assays 

 

Reagents R&D part number Concentration/Volume 

Capture Antibody 
(mouse anti-human CCL5) 
 

840216 1.0ug/mL PBS 

Detection Antibody 
(biotinylated mouse anti 
human CCL5) 
 

840217 
20ng/mL Reagent 

Diluent 

Standard 
(recombinant human CCL5) 

840218 
Top standard 

1000pg/mL Reagent 
Diluent 

Streptavidin-HRP 
 

890803 Reagent Diluent 
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Table 2.6 Reagents used in BD ELISA assays 

 
Buffers and Solutions Concentration/Volume 

Coating Buffer 
 

0.1M M NaHCO3, pH9.5  

Assay Diluent 
 

10% FCS in 1x PBS pH 7.0 

Wash Buffer 
 

0.05% Tween®-20 in 1x PBS 

Substrate Solution 1:1 mixture of H2O2 and 
Tetramethylbenzidine 
 

Stop solution 2N H2SO4 

 

Table 2.7  Antibodies used in used in CCL2 ELISA assays 

 

Reagents BD part number Concentration/Volume 

Capture Antibody  
(Anti-human MCP-1) 
 

51-26241E 1:250 (Coating Buffer) 

Detection Antibody 
(Biotinylated Anti-human 
MCP-1) 
 

51-26242E 1:1000 (Assay Diluent) 

Enzyme Reagent 
(Streptavidin-horseradish 
peroxidise conjugate) 
 

51-9002813 1:250 (Assay Diluent) 

Standards  
(Recombinant human MCP-1) 
 

35504 Top standard 1000pg/mL 
(Assay Diluent) 
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Table 2.8  Antibodies used in used in CXCL10 ELISA assays 

 

Reagents BD part number Concentration/Volume 

Capture Antibody  
(Anti-human IP10) 
 

51-27321E 1:250 (Coating Buffer) 

Detection Antibody 
 (Biotinylated Anti-human 
IP-10) 
 

51-27322F 1:1000 (Assay Diluent) 

Enzyme Reagent  
(Streptavidin-horseradish 
peroxidise conjugate) 
 

51-9002813 1:250 (Assay Diluent) 

Standards  
(Recombinant human 
IP10) 
 

555179 Top standard 1000pg/mL 
(Assay Diluent) 

 

2.4.2 ELISA method 

Enzyme-linked immunosorbent assay (ELISA) was used to measure the 

concentration of cytokines and chemokines in plasma samples. The optical density 

generated is proportional to a standard of known concentration.  

 

Ninety-six well microtitre plates were coated with a capture antibody (mouse 

antihuman) in x1 PBS at 4oC overnight and blocked with 1% BSA in PBS (150ul/well) 

for 1 hour at room temperature. After washing in 0.05% Tween in 1xPBS, samples, 

standards, quality controls and negative controls were added at 100uL volumes and 

incubated for 2 hours to allow cytokine/chemokine in the plasma to bind to the 

capture antibody. A biotinylated detection antibody was then added and allowed to 

bind to the captured cytokine/chemokine. A detection reagent (streptavidin 

conjugated to horseradish-peroxidase, which binds to the biotin labelled detection 

antibody) was added. When a tetramethylbenzidine:H2O2 substrate solution was 

added, the horseradish-peroxidase catalyses a colour change (colourless to blue). 

The reaction was stopped by the addition of 2N H2SO4. Absorbances of the samples 

were read at a wavelength of 450nm using an Asys HiTech Expert Plus plate reader. 

Chemokine levels were determined from a standard curve generated with a four-
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parameter logistic curve-fit using vendor supplied MikroWin 2000 software. A top 

standard of 1000pg/mL was used. The reagents are listed in Chapter 2.5.2 

 

2.4.3 Statistical analysis 

Plasma chemokine data were assessed using the Graphpad Software Package 

(Graphpad Software Inc; San Diego, CA) and Stata version 10.1 (StataCorp, College 

Station, Texas, USA).  Demographic details, plasma chemokine levels and minor 

allele carriage were compared between groups using chi2 tests (dichotomous 

variables), Wilcoxon rank-sum tests and Mann-Whitney paired t-tests [non-

normally distributed continuous variables] or unpaired t-tests [normally distributed 

continuous variables]. Comparison between baseline and results obtained on 

treatment in HIV+ patients were performed using a paired t- test or a Wilcoxon 

signed-rank test, as appropriate. 

 

2.5 Methods for immunohistochemical assessment of 
chemokine presence in SN-affected tissue 

2.5.1 Tissue preparation 

Punch biopsy methods were performed in accordance to previous literature 

(McCarthy et al., 1995). In brief, a 3 mm disposable circular punch (Acupunch, 

Acuderm, Ft Lauderdale, Fla) was used to excise skin punch biopsy after the local 

injection of 2% lidocaine with epinephrine anaesthesia under a sterile technique. 

Biopsy specimens were obtained from the following sites: the lateral upper part of 

the thigh and the distal part of the leg, approximately 10 cm above the lateral 

malleolus. Specimens were then fixed in 4% Paraformaldehyde-Lysine-Periodate 

overnight at 4oC then tissue blocks were stored in cryopreservative and kept at -

20oC. Samples were sectioned on a freeze sliding microtome at 50uM and stored in 

antifreeze at -20oC until ready for staining. 
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2.5.2 Assays used in immunohistochemistry 

The in vivo effect of macrophages and TNF-α on nerves in SN affected tissue was 

assessed by the use of indirect fluorescence-conjugated antibodies. Combinations 

of anti-TNF-α and Protein Gene Product 9.5 (PGP9.5), anti-CD14 and PGP9.5 

primary antibodies, with their respective secondary antibodies and 4’,6-diamidino-

2-phylindole, diyhdrochloride (DAPI) were used to visualize cytokines, macrophages 

and nerves in 50µm tissue sections; detailed below in sections 2.5.2-2.5.4.2. 

 

2.5.3 Immunohistochemistry reagents and antibodies 

 
Table 2.9 8% Paraformaldehyde Stock 

 

Name Source Lot number g/L 

Paraformaldehyde BDH Laboratory 
Supplies Ltd 

294474L 80 

 

8% Paraformaldehyde stock was prepared by dissolving 80 g of Paraformaldehyde 

in 800 mL of dH2O with 6 drops of 50% w/w NaOH at 55oC, then vacuum filtering 

the solution through a 3mm Whatman filter. Stock was then topped off to 1 litre 

using dH2O and stored at 4oC for up to 1 month. 

 

Table 2.10 0.4M Sorrensons Phosphate Buffer Stock 

 

Name Source Lot number g/L 

Sodium Phosphate 
Monobasic Monohydrate 

BDH Laboratory 
Supplies Ltd 

15796 7.176 

 
Sodium Phosphate 

 
Sigma 

 
42K0186 

 
49.4 
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Table 2.11  Lysine Stock 

Name Source Lot number g/L 

L-Lysine  Sigma L5626 18.2 

 

L-lysine stock was prepared by dissolving 16.4 L-Lysine in 300 mL of dH20 and 

adjusted to pH 7.4 with 0.1M NA2HPO4, then topped up to 450 mL using dH20. 0.1M 

Sorrenson’s Phosphate buffer was added to bring solution up to 900 mL. 

 

 Method for preparing PLP Fixative for skin biopsy 2.5.3.1

Paraformaldehyde-Lysine-Periodate (PLP) fixative was prepared on the same day as 

biopsy. 30 mL of Lysine Stock was added to 10 mL of 8% Paraformaldehyde with 

0.085 g of Sodium m-Periodate Powder (Sigma, catalogue number E9129) 

 

Table 2.12   Reagents for Cryoprotectant 

Name Source Lot number Dilution Factor 

Glycerol USB 111339 20%v/v 

0.4M Sorrenson’s Phosphate 
Buffer 

N/A N/A 20%v/v 

 
Cryoprotectant was prepared by diluting glycerol and 0.4 M Sorrenson’s Phosphate 

Buffer in dH2O. 

 

Table 2.13   Reagents for 2X phosphate buffer 

 

Name Source Lot number g/L 

Sodium phosphate 
Monobasic monohydrate 

BDH Laboratory 
Supplies Ltd 

15796 33.65 

 
Sodium hydroxide pellets 

 
BDH Laboratory 

Supplies Ltd 

 
26760 

 
7.7 

 

2X phosphate buffer was prepared by dissolving 33.65g sodium phosphate 

monobasic and 7.7g sodium hydroxide pellets in 1L of distilled water (dH2O). 
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Table 2.14   Reagents for Antifreeze 

 
Name Source Lot number Dilution Factor 

Glycerol USB 111339 33%v/v 

Ethylene glycol Sigma 21K002 33%v/v 

2X phosphate buffer See previous 10%v/v 

 
Cryoprotectant was prepared by diluting glycerol and ethylene glycol and 2X 

phosphate buffer in dH20. 

 

 

Table 2.15   Reagents for Tris Buffered Saline 

 

Name Source Lot number g/L 

NaCl Sigma 121K1637 8.5 

Trizma base Sigma 075K5422 1.7 

1X Tris buffered saline (TBS) was prepared by dissolving NaCl and Trizma base in 

double distilled water (ddH2O) and adjusted to pH7.3 using 2M HCl. 

 

Wash Buffer 

TBS………………………………………………………………………99.9%v/v 

Triton-X…………………………………………………………………0.1%v/v 

 
Table 2.16  Reagents for Blocking Serum 

 
Serum Source Lot number Dilution Factor 

Bovine Serum Albumin AusGene A05000907 10%v/v 

Donkey Serum Sigma NG1861065 10%v/v 

Goat serum Gibco 977423 10%v/v 

 
Block buffer was prepared by diluting serums in 1X TBS and used for 

immunofluorescence assays. 

 
Reagent Diluent  
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Commercially available DAKO reagent diluent (catalogue number 10032882) was 

used for immunfluorescence assays.  

 

Aqueous mounting solution 

Samples were mounted on Menzel-Glaser Polysine slides (Thermo Scientific) with 

microscope cover glass (Mediglass), using Shandon Immu-mount aqueous mounting 

solution (ThermoPierce Scientific; catalogue number 9990402)
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2.5.4 Immunofluorescent methods 

 Melanin bleaching using potassium permanganate 2.5.4.1

Skin sections were washed twice in TBS (pH7.3) for 10 minutes at RT. Sections were 

then transferred to 0.25% potassium permanganate for 15 minutes at RT then 

rinsed once for 10 minutes in TBS. Sections were then incubated in 5% oxalic acid 

for 2 minutes, then rinsed twice for 10 minutes in TBS for 10 minutes. This was 

essential for the examination of African skin samples. 

 

 Immunofluorescence on free floating sections 2.5.4.2

50uM skin samples were washed three times for 5 minutes each with 1mL TBS.  

Tissue was then incubated for 1 hour at RT in Block Buffer. The samples were then 

incubated overnight with primary antibodies at 4oC with gentle agitation. After 

incubation of primary antibodies samples were rinsed once hourly with 0.05% 

Triton-X-100/TBS for 8 hours. Following this samples were incubated overnight with 

secondary antibodies at 4oC with gentle agitation. After incubation of secondary 

antibodies samples were rinsed once hourly for 8 hours and then allowed to wash 

over night. Sections were transferred to aqueous mounting solution overnight to 

allow for the tissue to stabilize with the mount solution. Samples were then 

mounted on slides with Shandon Immumount (Thermo Pierce Scientific, MA, USA). 

 

2.5.5 Confocal microscopy 

Immunofluorescence labelled biopsy tissue sections were viewed on the Nikon 

Confocal A1Si microscope at the Centre of Microscopy and Analysis (University of 

Western Australia). Samples were viewed under a plan apovc 20x dry objective with 

a numerical aperture of 0.75 and a pinhole of Ary Unit, with four 50mW solid state 

lasers - 405nm (violet), 488nm (blue), 561nm (yellow), and 638nm (red). Digital 

scan resolution is 0.63µm/pixel at 1024 pixels x 1024 pixels. Nerve fibre density, 

chemokine and cytokine presence was assessed in HIV-SN patient biopsies.
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Chapter 3 
 

TNF haplotypes associated with Sensory 
Neuropathy in Asian and Caucasian HIV+ 

patients 
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Chapter 3 -  TNF haplotypes associated with Sensory 
Neuropathy in Asian and Caucasian HIV+ patients 

3.1 Background 
Since the introduction of antiretroviral therapy, sensory neuropathy (SN) has 

become the most common neurological complication suffered by patients with HIV 

(Verma, 2001). NRTI-SN and the factors hypothesized to affect its development in 

HIV+ patients have been discussed in Section 1.3. Most notable of these is stavudine  

(Smyth et al., 2007). During 2009, stavudine was administered as first line therapy 

to 98% of HIV+ patients in Johannesburg (Cherry et al., 2010). Here we sought to 

investigate factors predicting the development of neuropathy after exposure to 

stavudine. 

 

The pathogenesis of the DSP involves disordered inflammation, with activated 

macrophages and cytokine production including TNF-α, observed around peripheral 

nerves in affected patients (Nagano et al., 1996, Wesselingh et al., 1994). There is in 

vivo and in vitro evidence that aberrant host inflammatory responses underpin 

painful neuropathies in other settings (Uceyler et al., 2007). Whilst there is no 

direct evidence for a role for inflammation in NRTI-SN, an association with genes 

affecting inflammation in our preliminary work (Affandi et al., 2008, Cherry et al., 

2008) provides circumstantial evidence, briefly outlined in section 1.4.2.1.1.  

 

MHC haplotypes defined by HLA and TNFA alleles associate with susceptibility to 

numerous inflammatory diseases including RA, T1DM and sepsis(Dubois and van 

Heel, 2008, Price et al., 1999, Waterer et al., 2001). Carriage of the minor allele of a 

TNFA promoter region single nucleotide polymorphism (SNP; TNFA-308*2) occurred 

at a higher frequency in Caucasian and African American HIV-infected adults with 

dementia, than in HIV-infected adults without dementia or a healthy control group 

(Quasney MW, 2001, Pemberton et al., 2008). We associated SNP within this 

region, including TNFA-1031*2, with NRTI-SN risk in Australian Caucasian patients 

exposed to potentially neurotoxic NRTI (Cherry et al., 2008). This SNP also 

associates with SN in stavudine-exposed Indonesian HIV+ patients (Affandi et al., 
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2008). However the SNP responsible for disease phenotype has not been identified, 

because strong linkage disequilibrium (LD) creates conserved ‘TNF block’ 

haplotypes. 

  

To identify SNP responsible for various disease phenotypes, ‘TNF block’ haplotypes 

were reconstructed using 38 SNP spanning 45kb around the TNFA (Valente et al., 

2009a) in healthy Caucasian, Australian Aboriginal and Asian donors. Using the 

PHASE algorithm (Stephens and Donnelly, 2003, Stephens et al., 2001), we defined 

a total of 31 haplotypes (denoted FV1-31). A different selection of 12-18 FV 

haplotypes was present in each ethnicity, of which 11 contained the SN-associated 

SNP TNFA-1031*2 (rs1799964). To narrow down the list of SNP affecting 

neuropathy, I selected six SNP located in the BAT1 intron and promoter regions 

(rs9281526, rs2523506, rs2844509), NFKIBL promoter regions (rs2230365), and 

TNFA promoter regions (rs1799964 and rs1800629), that sorted the 11 haplotypes 

containing TNFA-1031*2 into five groups denoted FVa (Table 1, Panel A). These 

were typed in stavudine-exposed Caucasian, Malay and Chinese HIV+ patients of 

known SN status to define TNFA alleles associated with SN. As it is a cross sectional 

design, the phenotype does not distinguish DSP from neuropathy induced by 

stavudine. 

 

3.2 Patients and Methods 

3.2.1 South East Asian HIV+ Study subjects 

HIV+ patients who had been exposed to stavudine were screened for neuropathy 

using the AIDS Clinical Trials Group Brief Peripheral Neuropathy Screening Tool 

(ACTG BPNS) (Cherry et al., 2005) as described in Section 2.2. All patients who had 

received at least 2 months of stavudine therapy were included at the Pokdisus AIDS 

Clinic at the Cipto Mangunkusumo Hospital, Jakarta, Indonesia (n=92) and the 

Infectious Diseases Clinic at the University of Malaya Medical Centre, Kuala Lumpur 

Malaysia (n=46) and thereafter grouped by ethnicity (self reported by patients). 

DNA samples were collected from saliva and laboratory, clinical, and demographic 
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parameters were collected from medical records (full list described in Section 

3.2.1.2) 

 Definition of Sensory Neuropathy in Asians 3.2.1.1

1. HIV-SN: Patients with neuropathy (symptoms and signs on the ACTG 

BPNS)  

2. HIV-SN free: Patients who remain neuropathy free (no symptoms and no 

signs on the ACTG BPNS)  

 

 Chinese HIV+ SN patients 3.2.1.2

74 Chinese HIV+ patients were screened for SN at two sites; the Pokdisus HIV clinic 

of the Pokdisus AIDS Clinic at the Cipto Mangunkusumo Hospital, Jakarta, Indonesia 

and the Infectious Diseases Clinic at the University of Malaya Medical Centre.  

Individuals with any established risk factor for neuropathy other than HIV infection 

or antiretroviral exposure (including T1DM or a history of excessive alcohol 

consumption) were excluded from the parent study. All subjects were >18 years old 

with documented HIV infection. Data on possible risk factors for neuropathy include 

current and nadir CD4+ T-cell count, plasma HIV viral load, hepatitis C serology, 

syphilis serology, duration of known HIV infection, age, gender, risk factor/s for HIV 

acquisition, AIDS-defining illnesses, choice and duration of any antiretroviral 

therapy, isoniazid and pyridoxine exposures, HIV viral load, syphilis serology and 

information on AIDS defining illnesses not TB.  

 

 Malay HIV+ SN Patients 3.2.1.3

64 Malay HIV+ patients were screened for SN and recruited from Jakarta, Indonesia 

and the Kuala Lumpur Malaysia.  Patients were categorized as NRTI-SN (n=21) and 

non NRTI-SN (n=43) respectively. Patients at risk for diabetic or alcoholic 

neuropathy were excluded. Data of risk factors was collected as above, with the 

addition of Isoniazid and pyridoxine exposures and the exclusion of HIV viral load 

and syphilis serology and information on AIDS defining illnesses not TB. 
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3.2.2  Caucasian HIV+ SN Patients 

Patients were selected from the Australian arm of a cohort study examining the 

effects of HIV and its treatment on the peripheral nervous system. Individuals with 

any established risk factor for neuropathy other than HIV infection or antiretroviral 

exposure (including T1DM or a history of excessive alcohol consumption) were 

excluded from the parent study. All subjects were >18 years with HIV infection 

attending the Alfred Hospital Infectious Diseases Clinic in Melbourne, Australia. 

Data on possible risk factors for neuropathy include current and nadir CD4+ T-cell 

count, plasma HIV viral load, hepatitis C serology and syphilis serology), duration of 

known HIV infection, age, gender, risk factors for HIV acquisition, AIDS defining 

illnesses, choice and duration of any antiretroviral therapy.  

 

  Sensory Neuropathy definition in Caucasians 3.2.2.1

1. Definite NRTI-SN: Patients with neuropathy (symptoms and signs on the 

ACTG BPNS) in whom symptom onset occurred within the first 6 months of 

exposure to their first NRTI d drug. 

 

2. NRTI-SN resistant: Patients who remain neuropathy free (no symptoms and 

no signs on the ACTG BPNS) despite at least 6 months of cumulative 

exposure to at least one NRTI d drug. 

 

3. Late onset NRTI-SN: Patients with neuropathy (symptoms and signs on the 

ACTG BPNS) where symptom onset occurred after >6 months of NRTI d drug 

exposure. 

 

3.2.3 Healthy Controls 

181 DNA samples from Busselton, Western Australia, 99 DNA samples of ethnic 

Chinese donors from Perth, Western Australia, and Kota Bharu, Malaysia and 136 

DNA samples of ethnic Malay donors from Kota Bharu, Malaysia were randomly 

chosen to form healthy Caucasian, Chinese and Malay cohorts respectively. All 
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donors were unrelated and provided informed consent to a sample of DNA being 

used for research. 

 

3.2.4 Genotyping assays 

DNA was extracted from saliva or blood leukocytes using a QIAamp DNA mini Kit 

(QIAGEN; Valencia, CA) and stored at -80°C. Six SNP were genotyped using TaqMan 

FAM or VIC-labelled probes [C_26778958_10, C_3273595_10, C_16134796_10, 

C_7514871_10 and C_7514879_10 for rs2523506, rs2844509, rs2230365, 

rs1799964 and rs1800629, respectively]. For TaqMan genotyping protocol refer to 

section 2.3.4.  

 

3.2.5 Statistical Analysis 

Allele and genotype frequencies in each ethnic group conformed with Hardy-

Weinberg equilibrium (HWE) when assessed previously described methods (Section 

2.3.5), with the exception of rs2230365 in Caucasian, Malay and Chinese healthy 

controls (see Appendix A, Table A.1). This data was retained for analysis. The PHASE 

algorithm (refer to Section 2.3.5.3) was used to statistically infer mini-haplotypes 

which were annotated FVa to match our earlier publication (Valente et al., 2009a). 

Demographic details and mini-haplotypes were compared between groups using 

chi2 tests (dichotomous variables), Wilcoxon rank-sum tests [non-normally 

distributed continuous variables, described using median and interquartile range 

(IQR)] or unpaired t-tests [normally distributed continuous variables, described 

using mean + standard deviation (SD)]. Logistic regression modelling was used to 

identify factors independently associated with SN risk. All factors associated with 

SN risk on bivariate analysis (p<0.1) in any cohort were included, and a step-wise 

removal procedure was used to obtain the final model shown. Statistical analyses 

were performed using Stata 9.2 (Stata-Corp; College Station, TX).  
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3.3 Results and Discussion 

3.3.1 Allele frequencies are similar in HIV patients and Healthy 
controls in Caucasian and Chinese cohorts, but not in Malays 

 

HIV+ patients were divided by ethnicity (Malay, Chinese and Caucasians) and 

grouped by neuropathy status as neuropathy-positive (HIV+ SN+) and neuropathy 

free (HIV+ SN-). Comparisons were made with healthy controls (Table 3.1, Panel A). 

Allele frequencies were similar in Chinese and Caucasian HIV+ patients and 

ethnically-matched healthy controls. Malay controls and patients differed in 

carriage of alleles of rs9281523 (p=0.01; OR=0.12), rs2230365 (p=0.0004; OR=3.7) 

and rs1800629 (p=0.04; OR=0.22) (refer to Appendix A, Table A.2). This may reflect 

their different geographic origins. Minor allele frequencies varied between controls 

of the three ethnicities (0.0004<p<1.00). When the SNP were considered 

individually, TNFA-1031 (rs1799964) in Chinese patients was the only SNP where 

carriage of the minor allele differed between patients with and without SN (p=0.01; 

OR=4.4) (full information present in Appendix A, Table A.3). 

 

3.3.2 6 SNP FVa haplotypes were associated with SN in Chinese HIV+ 
patients 

Using 38 SNP typed across healthy Asian and Caucasian cohorts (n=999 donors), we 

identified 11 haplotypes incorporating the TNFA-1031 minor allele (Valente et al., 

2009a). These haplotypes could be divided into three groups using 6 SNP located in 

BAT1 (rs9281526, rs2523506, rs2844509), NFKIBL (rs2230365), and TNFA 

(rs1799964 and rs1800629). The 6 SNP were typed in all patients and controls, and 

four haplotypes were defined using PHASE. The four 6-SNP-haplotypes were named 

FVa1,3,4,12, FVa6,7,8,  FVa9,10 and FVa24 as each represents a group of 38-SNP-

haplotypes defined previously (Valente et al., 2009a). 

 

Carriage of FVa9,10 was more common in Caucasian HIV+ SN+ patients compared to 

controls (p=0.05; O.R.=2.22) (Table 3.1, Panel A), but controls and HIV+ SN- patients 

were otherwise similar. However several ethnic differences were apparent. 
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Carriage of FVa9,10 was less common in Malay HIV+ patients compared with 

Caucasian HIV+ patients (p=0.006; OR=4.6) Correspondingly, carriage of FVa6,7,8 

was more common in Malay than healthy Chinese (p=0.0003; OR=3.47) and 

Caucasian controls (p=0.001; OR=3.46), and more common in Malay HIV+ patients 

than Chinese HIV+ patients (p=0.02; OR=2.89) (Table 3.1, Panel A).  

 

On bivariate analyses (Table 3.1, Panel A), FVa6,7,8 conferred a 7-fold increased risk 

of NRTI-SN in Chinese patients (p=0.03; OR=7.1). Malay and Caucasian patients 

displayed similar trends. In general, carriage of FVa6,7,8 was similar in HIV+SN+ 

patients and controls, and lower in HIV+SN- patients. This difference was significant 

amongst Malays (p=0.01; OR=2.9). FVa9,10 appeared to associate with a reduced 

risk of SN in Caucasians, but this was not evident in a multivariate analysis. Among 

the clinical risk factors considered, including age, height, gender, CD4 nadir and 

current counts, age was associated with SN across all ethnicities (0.001<p<0.07). 

Height was associated with SN in Malay patients (p=0.02). 

 

Logistic regression modelling revealed that FVa6,7,8 was independently associated 

with NRTI-SN risk in both Malay and Chinese cohorts after correcting for patient age 

and height (Table 3.1 Panel B).  It conferred an increased SN risk (p=0.03; OR=7.7) in 

ethnic Chinese HIV+ patients and Malays (p=0.02; OR=5.0). A similar trend was 

observed in the smaller Caucasian cohort when the same model was applied 

(p=0.16; OR= 8.7) (Table 3.1, Panel B).  

 

3.4 Discussion 
Here we investigate the association between TNFA-1031*2 carriage and stavudine 

neuropathy (Affandi et al., 2008, Cherry et al., 2008) and define TNF block 

haplotypes carrying this allele associated with NRTI-SN in multiple ethnic groups. It 

is unlikely that the observed effects of TNF haplotype on neuropathy arise because 

the haplotypes affect the severity of HIV+ disease, since CD4+ T-cell counts did not 

affect neuropathy here (data not shown) or in other studies that we have published 

(Cherry et al., 2008).  
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Although TNFA-1031*2 carriage has previously been associated with NRTI-SN, 

linkage disequilibrium within the TNF block means that this may not be a causal 

association. Out of the 11 TNF haplotypes studied, FVa6,7,8 carriage was associated 

with an increased risk of neuropathy in Chinese and Malay stavudine-exposed 

patients after correcting for age and height. FVa6,7,8 was rare in Caucasians, but a 

similar trend was evident with this and the more common FVa9,10 haplotype. In 

Asians, the haplotypic association (p=0.03; OR=7.06) was clearer than the 

association with TNFA-1031*2 (p=0.04; OR=3.16,). This suggests that TNFA-1031 is 

not solely responsible for the effect on SN. TNFA-1031*2 may be in linkage 

disequilibrium with the causal SNP, or several SNP in or near the TNF haplotype 

FVa6,7,8 (possibly including TNFA-1031*2) may promote SN in HIV+ patients 

exposed to stavudine. Out of the complete 38 SNP haplotype FV6,7,8 carries SNPs 

within the BAT1 promoter (rs2523506, rs2251824), NFKIBL promoter (rs3219186), 

TNFA promoter (rs2857713, rs1799964, rs4248158), and the LST exon 5(rs1052248) 

regions. Currently there are no functional studies of these SNP. 

 

There are a number of limitations to this study. Firstly sample sizes were relatively 

modest so there may be type 2 errors. Second is the possible misclassification of 

the NRTI-SN status, particularly among Malay and Chinese cohorts.  No data were 

available regarding the timing of symptom onset relative to stavudine use in these 

groups, and patients with isolated symptoms or signs were classified as 

“neuropathy free”. However misclassification of neuropathy status was 

independent of the risk factors considered and so can only dilute our findings. 

Significant findings among Malay and Chinese cohorts are strengthened by 

confirmation in the smaller but more rigorously defined cohort of Caucasians. 

 

This work shows that TNF haplotypes associate independently with NRTI-SN in 

Chinese, Malay and Caucasian patients. SNP common to FVa6,7,8 and FVa9,10 are 

credible candidates for further association studies, as described in the next chapter. 
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Chapter 4 
 

Characterization of TNF block haplotypes 
which modify risk in stavudine-exposed HIV+ 

South African patients 
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the collection and screening of the Australian samples and aiding in statistical 

analyses, Darma Imran, Evy Yunihastuti, Sasheela Varna, Maude Phipps, Mr Zayd 

Aghafar and Ms Jacquita Affandi for aiding in the collection of the South East Asian 

samples, Dr Zané Lombard and Ms Liesl Hendry from the National Laboratory 

Health Services (South Africa), for their work genotyping the sensory neuropathy 

cohorts, and all patients who participated in this study.  
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Chapter 4 - Characterization of TNF block haplotypes 
which modify risk in stavudine-exposed HIV+ South 
African patients 

4.1 Background 
TNF block haplotypes were first studied in a West African population recruited in 

The Gambia (Ackerman et al., 2003). Twenty five single nucleotide polymorphisms 

(SNPs) spanning ~80kb near TNFA yielded 22 haplotypes accounting for 80% of the 

sample. Subsequently, Allcock et al from our laboratory investigated 19 SNPs 

spanning 45kb around TNFA and found only 17 distinct haplotypes in a mixed 

European population from Western Australia (Allcock et al., 2004). Valente et al 

(also from our laboratory) subsequently characterized TNF block haplotypes based 

on 38 SNPs in European, Asian (Bidayuh, Chinese, Indian, Jehai, Malay, Temuan) 

and Australian Aboriginal populations (Valente et al., 2009b). This provided a 

framework for disease association studies, as discussed in Chapter 3, section 3.1. 

 

Although all cohorts tested could be described using the 38-SNP TNF haplotypes, 

less than 19 were found in any single population. The number of reconstructed 

haplotypes in the European populations was similar (18 and 15 out of 238 possible 

haplotypes), whilst the Asian and Indian cohorts had fewer haplotypes (range 8-15). 

Despite variations in the frequencies of haplotypes in each ethnicity, four to eight 

TNF block haplotypes exist across all ethnicities and hence must pre-date the 

divergence of these populations from a common ancestor >160,000 years ago. This 

allows for the possibility that investigation of other ethnicities may yield additional 

haplotypes.  

 

Valente et al also addressed the pitfalls of using non-tag SNPs (Valente et al., 

2009b); the FV16 haplotype contains TNFA-308*2 (rs1800629), which has been 

associated with multiple disease phenotypes (Bayley et al., 2004). BAT1 intron10*2 

(rs9281523) is a tag SNP for FV16 in Northern Indians, Australian Aborigines, South 

East Asians and Europeans. However carriage of TNFA-308*2 without BAT1 

intron10*2 has been observed previously (Price et al., 2002) and was characterised 



 Chapter 4 – TNF haplotypes predict SN risk in South Africans 

60 
 

here as FV15 and FV17. NFKBIL1-62 (rs2071592) is associated with susceptibility to 

RA (Okamoto et al., 2003) and lies in FV16 and six other haplotypes, so typing this 

SNP provides little information. This highlights the importance of characterizing TNF 

haplotypes to establish a framework for disease association studies.  

 

Since 2003, there has been little investigation into TNF haplotypes in African and 

Asian cohorts. Dunstan et al identified a TNF haplotype with a protective effect for 

typhoid from a series of 42 haplotypes reconstructed from 33 SNPs in Vietnamese 

typhoid patients and healthy controls (Dunstan et al., 2007). The protective 

haplotype was associated with low TNF-α production in LPS stimulated cells. We 

associated TNF haplotype FV16 is associated with an increased risk of chronic 

venous leg ulcers and altered TNF-α and LT- production (Tan et al., 2010, Tan et 

al., 2011). TNF haplotypes reconstructed with fewer SNPs have been associated 

with susceptibility to asthma and altered serum IgE and TNF-α levels (Sharma et al., 

2006), modified drug response in RA patients (Miceli-Richard et al., 2008), risk of AD 

(Ma et al., 2004), increased risk of Hepatitis B infection (Fletcher et al., 2011), iron 

deficiency (Atkinson et al., 2008) and increased risk of SN in HIV+ patients (discussed 

in Chapter 3 -). Ten SNP in the TNF block haplotype, in conjunction with HLA class I 

and II status, modified immune response to rubella vaccinations and decreased 

rubella-specific IL-6 levels (Ovsyannikova et al., 2010). Although some studies found 

no associations between TNFA and disease, many only investigated TNFA and LTA 

promoter polymorphisms (Handoko et al., 2003, Atan et al., 2011), suggesting 

causative SNP(s) span the entire TNF block. 

4.2 Methods 

4.2.1 Cohorts 

 South African HIV+ SN cohort 4.2.1.1

HIV-positive Black South Africans (n=339) who had received stavudine for at least 

six months were recruited at the Virology Clinic of the Charlotte Maxeke Academic 

Johannesburg Hospital, South Africa, and screened for neuropathy using the AIDS 

Clinical Trials Group neuropathy screening tool by Ms Antonia Wadley (PhD 
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student, University of Witwatersrand). Patients were categorized as HIV-SN or HIV-

SN free. 

1. HIV-SN: Patients with neuropathy (symptoms and signs on the ACTG 

BPNS)  

2. HIV-SN free: Patients who remain neuropathy free (no symptoms and no 

signs on the ACTG BPNS)  

 

DNA was extracted from the saliva or blood samples, while potential clinical and 

demographic risk factors were collated from patient medical records (Wadley et al., 

2011). 

 Caucasian, Chinese, Malay NRTI-SN cohorts 4.2.1.2

DNA samples from stavudine-exposed subsets of the Caucasian (n=51), Chinese 

(n=49) and Malay (n=51) HIV-SN cohorts (described in Chapter 3 Sections 3.2.1.2 - 

3.2.2), were sent to Johannesburg for genotyping (section 4.2.2). The majority of 

the Malay HIV+ patient cohort was recruited from Jakarta, the Chinese HIV+ patient 

cohort was mostly recruited from Kuala Lumpur, and the Caucasian cohort from 

Melbourne. 

 

 Healthy Donor Cohorts 4.2.1.3

SNPlex genotype data from our previous publication (Valente et al., 2009b) were 

used to reconstruct the 31 SNP TNF haplotype blocks series which served as basis of 

comparison with disease cohorts. These include healthy Caucasian donors from 

Busselton and Perth (n=193 and 205 respectively) and 50 Malay and 49 Chinese 

healthy donors living in Kuala Lumpur. For genotyping methods, refer to section 

2.3.2.1 

 

4.2.2 Genotyping 

Illumina GoldenGate BeadXpress assay (section 2.3.2.3) was used to genotype 96 

SNPs in South African, Caucasian, Chinese and Malay HIV+ SN cohorts. Samples 
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were genotyped at the National Health Laboratory Service, (Johannesburg, South 

Africa) with co-ordination by Dr Zané Lombard. 

 

4.2.3 Statistical Analysis 

Allele and genotype frequencies were assessed for conformation with Hardy-

Weinberg equilibrium (HWE) using previously described methods (Chapter 2 Section 

2.3.6). Bivariate analysis of individual SNP and SN status of the South African 

cohorts was performed by Ms Antonia Wadley whilst associations between SNP 

alleles and SN status in the Caucasian, Malay and Chinese cohorts were analyzed by 

myself. Demographic details and SNP status or haplotypes were compared between 

groups using chi2 tests (dichotomous variables), Wilcoxon rank-sum tests (non-

normally distributed continuous variables, described using median and IQR) or 

unpaired t-tests (normally distributed continuous variables, described using mean + 

SD). A/Prof Catherine Cherry performed the logistic regression modelling was used 

to identify factors independently associated with SN risk. All factors associated with 

SN risk on bivariate analysis (p<0.1) in any cohort were included, and a step-wise 

removal procedure was used to obtain the final model shown. Statistical analyses 

were performed using Stata 9.2 (Stata-Corp; College Station, TX).  

 

4.2.4 Reconstruction of Haplotypes 

The PHASE algorithm (refer to Chapter 2 Section 2.3.5.3) was used to statistically 

infer FV haplotypes from 31 SNP in the TNFA region to match our earlier publication 

(Valente et al., 2009a). 

 

4.2.5 Phylogeny of Haplotypes 

Clustal X2, dnapars and were used to visualize the relationships between 

haplotypes. PHYLIP software was used in the construction of a phylogenic tree. For 

methods refer to section 2.3.5.4 
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4.3 Results 

4.3.1 Differences associated with HIV disease were restricted to 
Malay donors and may suggest poor matching of controls and 
patients by ethnicity. 

DNA samples from 339 HIV+ Black South African (n=339), Australian Caucasian 

(n=52), South East Asian Malay (n=64) and Chinese (n=77) donors were genotyped 

with average GSR of 97.9%, 98.4%, 99.3% and 99.2%, respectively. The genotyping 

success rates, minor allele frequency and assessment of Hardy Weinberg 

Equilibrium adherence of these SNPs in the South African cohort is summarized in 

Table 4.1. All SNPs were in HWE with the exception of rs2071590 and rs1800750 in 

Caucasian HIV+ patients, rs2071590 in Chinese HIV+ patients and rs3130055, 

rs2239528, rs2523504 and rs2071590 in HIV+ Malays, where an excess of 

heterozygotes was observed. These SNPs were retained in the dataset. A full 

summary of this data may be found in Appendix B Table B.1. Frequencies in the 

minor allele did not vary by HIV disease status in Chinese and Caucasian cohorts, 

with the exception of rs1052248 which was more common in Chinese HIV+ patients 

compared to healthy donors (p=0.04). MAF of several SNP varied between Malay 

HIV+ and healthy donors [rs1052248, rs9281523, rs1055388, rs2516393, rs2523504, 

rs2071592, rs2516312, rs2071590 and rs1800629 (p= 0.0007-0.04)]. This may arise 

because the Malay cohort included HIV+ patients recruited in Jakarta whereas the 

controls were residents of Kuala Lumpur. The absence of differences between HIV+ 

patients and controls in Caucasian and Chinese cohorts validates comparisons 

between the South African patients and other cohorts. 
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4.3.2 TNF Block haplotypes in South Africans are found in the FV 
series 

As panels typed with the GoldenGate and SNPlex technologies differed by 7 SNP, 

the PHASE algorithm was re-applied to all data using only those SNP that could be 

typed in all samples (n=31). Multiple iterations of PHASE identified a total of 34 

haplotypes across all cohorts (denoted FV and numbered in accordance with our 

previous publication (Valente et al., 2009b)). All haplotypes occurred at a frequency 

>1% with less than 19 haplotypes in any single population. The FV series accounts 

for >89% of any given population, with the exception of the small Caucasian, 

Chinese and Malay HIV+ cohorts (74%, 77% and 62% respectively). 17 haplotypes 

were found in the South African HIV+ cohort (20 including haplotypes >0.5%) 

including 2 new haplotypes (5 including haplotypes >0.5%) not described by Valente 

et al. One of these new haplotypes is unique to South Africa. These new haplotypes 

are denoted FVX.1 as a “variant” haplotype of the FV haplotype they most 

resembled (Table 4.2).  
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Figure 4.1  The four TNF block haplotypes found in all populations span multiple 

haplotype clusters  

South African specific haplotypes previously not described by the FV series are denoted as FV X.1. 
These haplotypes were also found to span multiple haplotype clusters, and no cluster was specific to 
any one group. 
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4.3.3 Phylogeny of haplotypes 

Haplotypes were grouped by similarity using methods described in section 2.3.5.4. 

This analysis allowed me to compare haplotypic diversity in a hierarchical fashion. 

Seven distinct clusters were observed, which are denoted as FV Families (FV1-5; 

FV11-14; FV15-21; FV22-23, FV6-10 and 24, FV25-29, FV30-32) (Figure 4.1). The 17 

haplotypes observed in the South African HIV+ cohort were spread across all seven 

families. Similarly the new FV X.1 haplotypes were not restricted to any single 

group.  

 

This framework was then used to analyse haplotypes affecting HIV-SN in the South 

African cohort, including analyses carried out by Ms Antonia Wadley (University of 

Witwatersrand), A/Prof Catherine Cherry (Monash University) and myself. 

Significant bivariate associations between individual SNP and HIV-SN are shown in 

Table 4.3, whilst associations between TNF Block haplotypes and HIV-SN are shown 

in Table 4.4. Associations with haplotype families are shown in Table 4.5. 

 

Table 4.3 SNP in the TNF haplotype block region are associated with Sensory 

Neuropathy Status in a South African cohort 

SNP Gene Region p-value OR 95% CI 

rs3130059 Bat 1 Int 1 0.01 1.48 1.08 - 2.03 

rs2071594 ATP6VIG2 3'UTR 0.01 1.51 1.10 - 2.09 

rs2071592 NFKBIL1 Prom 0.05 1.38 1.00 - 1.91 

rs2071591 NFKBIL1 Int 1 0.02 1.47 1.07 - 2.03 

rs2523504 BAT1 Prom 0.04 0.80 0.41 - 0.98 
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Table 4.4  FV4 and FV31 are weakly associated with resistance to Sensory 

Neuropathy Status in a South African cohort. 

Haplotype 
Carriage SA SN SA Non SN p-value OR 95% CI 

FV1 1.59% 2.00% 0.77 0.78 0.24 - 2.46 
FV1.1 4.23% 3.33% 0.83 1.19 0.52 - 2.73 
FV2 1.66% 0.79% 0.47 0.47 0.11 – 2.00 
FV4 0.00% 1.00% 0.08 0.1098 0.005 - 2.14 
FV5 1.85% 3.33% 0.15 0.48 0.18 - 1.27 

FV7.1 0.79% 4.00% 0.19 0.15 0.0007 - 3.25 
FV8 8.47% 10.33% 0.32 0.74 0.42 - 1.30 

FV10 1.06% 2.00% 0.34 0.52 0.14 - 1.8 
FV14 1.59% 2.67% 0.26 0.48 0.152 - 1.48 
FV16 13.49% 11.00% 0.19 1.43 0.85 - 2.41 

FV16.1 0.53% 0.33% 1.00 1.57 0.14 - 17.5 
FV17 0.00% 0.33% 0.57 0.66 0.22 - 2.01 
FV18 1.59% 2.33% 0.27 1.3 0.84 - 1.99 

FV18.1 37.57% 32.33% 1.00 1.08 0.12 - 2.76 
FV20 2.91% 3.00% 0.46 1.416 0.67 - 2.98 
FV22 5.82% 4.00% 1.00 0.78 0.11 - 5.61 
FV25 0.53% 0.67% 0.70 1.58 0.28 - 8.74 
FV29 1.06% 0.33% 0.32 0.26 0.02 - 2.50 

FV29.1 0.26% 1.00% 0.14 4.8 0.57 - 40.5 
FV30.1 1.85% 3.33% 0.22 0.53 0.20 - 1.43 
FV31 1.85% 5.00% 0.02 0.49 0.23 - 1.05 

 
Bivariate analysis found a significant association between FV31 Haplotype carriage and SN status In a 
South African Cohort (Chi-squared & Fischer’s exact test, GraphPad Prism 5.0).  Overall distribution 
of haplotypes did not differ between SN-status (p=0.2). Multivariate analysis correcting for clinical 
risk factors did not find any significant association between individual haplotype and SN risk. 
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Table 4.5  Haplotype family FV15-21 associated with risk and FV30-31 with 

resistance to HIV-SN in a South African cohort 

FV Family SN No SN p-value OR 95% CI 

FV1-5 8.47% 11.3% 0.20 0.72 0.43-1.20 

FV6-10 9.23% 12.0% 0.25 1.35 0.81-2.24 

FV11-14 1.59% 2.67% 0.26 0.48 0.152 - 1.48 

FV15-21 61.9% 53.3% 0.03 1.42 1.04-1.93 

FV22-23 0.53% 0.67% 1.00 0.79 0.111-5.66 

FV25-29 2.65% 1.67% 0.44 1.60 0.542-4.74 

FV30-31 3.97% 8.33% 0.02 0.45 0.235-0.879 

 

Haplotype family distribution differed overall by SN status when assessed by bivariate analyses 
(p=0.065 overall, Chi2). In particular, Family 15-21 was associated with increased SN risk (p=0.03, 
OR= 1.4 (95% CI=1.03 - 1.94) and Family 31-32 was associated with reduced SN risk, (p=0.02, OR= 
0.45, 95% CI=0.24 - 0.86). 

 

Comparisons of MAF of individual SNPs and multivariable analyses of haplotypes 

and families revealed three patterns of association.  

4.3.4 SNPs linked to TNF block haplotype family FV15-21 are 
associated with an increased risk for SN in stavudine-exposed 
South African HIV+ patients 

Bivariate comparisons of the SN and non-SN groups showed significant differences 

between minor allele distributions of SNPs within the TNF haplotype block (Table 

S). When allele frequencies were assessed, SNPs (rs3130059, rs2071594, rs2071592 

and rs2071591) was associated with an increased risk of SN, (ie; the minor allele 

occurs more frequently in patients with SN than the major allele). The minor alleles 

of these SNP collectively define the TNF haplotypes 15-21 which belong to the 

larger FV family 15-23 (described in section 4.3.3). However when minor allele 

carriage was assessed (ie: patients carrying the minor allele vs patients with 

homozygote major allele) SNPs were not associated with SN risk. No individual 

haplotype was independently associated with HIV-SN risk after correcting for age 

and height (logistic regression, data not shown), although a trend towards 

significance was observed with FV18 (p=0.163; OR=1.26;  95% CI=0.91-1.8).  
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4.3.5 2. FV30-31 confer protection against SN 

On a multivariate model (table 4.6) correcting for clinical risk factors (age, height 

and stavudine exposure), only Family 30 (incorporating FV30.1 and FV31) 

independently conferred a protective effect against the development of SN risk 

(R2=0.06) (p=0.008; OR=0.39; 95%CI=0.20-0.78). The effect of the family was 

evident in the bivariate analysis (p=0.02; OR=0.454; CI=0.235-0.879, Table 4.5) and 

FV30.1 exhibited a marginal protective effect (P=0.08; OR=0.11; CI=0.006-2.14 

Table 4.4) when tested individually.  

 

Table 4.6  A multivariate model shows haplotype family FV30-31 confers a 

protective effect against development of SN in stavudine-exposed South African 

HIV+ patients 

 

Variable p-value OR 95% CI 

Age 0.000 1.07 1.01-1.10 
Height 0.003 1.03 1.00-1.06 
Haplotype Family 30 0.008 0.39 0.20-0.78 

(model p<0.0001)   

 

Multivariate analysis comparing age, height and TNF block haplotype Family 31 between stavudine-
exposed South African HIV

+
 patients with and without sensory neuropathy yielded a significant 

model (p<0.001). 
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Table 4.7  SNP in the TNF haplotype block region are associated with Sensory 

Neuropathy Status in a South East Asian Chinese HIV+ cohort 

 Chinese SN vs Non SN 

rs number P-value OR 95% CI 
rs2523506 0.01 7.20 1.59-32.7 
rs2251824 0.04 5.13 1.16-22.7 
rs1799964 0.03 5.78 1.30-25.7 
rs4248158 0.01 31.70 1.49-673 

rs1052248 0.01 8.31 1.53-44.3 
 

SNPs in the TNF region which were associated with increased risk of neuropathy in a bivariate 
analysis also marked the FV6,7 haplotype in stavudine-exposed South East Asian Chinese HIV

+
 

patients.  

 

4.3.6 Alleles linked to TNF block haplotype family FV6,7 are 
associated with increased risk of SN in Chinese HIV+ patients 

Comparisons of Chinese HIV+ patients with SN and patients without showed a 

significant difference in the minor allele frequencies of SNPs in the BAT1 region 

rs2523506 (p=0.01; OR=7.20; 95%CI=1.59-32.7), rs2251824 (p=0.04; OR=5.13; 

95%CI=1.16-22.7), SNPs in the TNFA region; rs1799964 (p=0.03; OR=5.78; 

95%CI=1.30-25.7), rs4248158 (p=0.009; OR=31.70; 95%CI =1.49-673), and SNPs in 

the LST1 region rs1052248 (p=0.01; OR=8.31; 95% CI=1.53-44.3) (Table 4.7). 
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Table 4.8  SNP in the TNF haplotype block region are associated with Sensory 

Neuropathy Status in a South East Asian Chinese HIV+ cohort 

 

 Chinese SN vs NON HIV 

Haplotype Carriage p-value OR 95% CI 

FV6,7 0.05 20.3 0.89-458 

FV8 0.22 11.0 0.42-290 

FV9 0.40 3.70 0.21-64.5 

FV10 0.20 0.30 0.67-13.7 

FV11 1.00 0.72 0.13-3.9 

FV16 0.66 0.38 0.04-3.38 

FV17 0.22 11.0 0.42-290 

FV18 0.72 1.40 0.34-5.77 

FV19 1.00 0.66 0.07-6.33 

FV23 0.40 3.70 0.21-64.5 

FV25,26 0.21 4.00 0.493-32.41 

FV29 0.10 0.14 0.01-2.52 

FV29.1 1.00 1.09 0.04-28.6 

 

Bivariate analysis found a significant association between FV6,7 Haplotype carriage and SN status In 
a South East Asian Chinese Cohort (Chi-squared & Fischer’s exact test, GraphPad Prism 5.0).   
 

Carriage of minor alleles of all five SNP (rs2523506, rs2251824, rs1799964, 

rs4248518 and rs1052248) denotes the FV6,7 haplotype, which is not found in the 

South Africans (further discussed in section 4.4.3). This logically explains why there 

is no association between these SNP (or the haplotype) and SN in South Africans. 

Bivariate analysis revealed the FV6,7 haplotype was associated with increased risk 

of SN in Chinese HIV+ patients (p=0.05; OR=20.3; 95%CI=0.89-458), (Table 4.8), 

refining the association with the Fva6,7,8 haplotype demonstrated in Chapter 3. 

 

Minor allele frequencies did not differ significantly in Malay and Caucasian HIV+ 

patients with and without SN with the exception of rs1799769 which displayed a 

marginal trend for protection against SN in Caucasian HIV+ patients (p=0.09; 

OR=0.131; 95%CI=0.01-1.38). This SNP is not linked with a specific haplotype. Minor 

allele frequencies of all other SNPs tested did not differ significantly among patients 

with different SN status (p=0.06-1.00, Appendix B Table B.1). The BAT1 SNP 



 Chapter 4 – TNF haplotypes predict SN risk in South Africans 

74 
 

previously associated with SN (rs9281523) and marking FV16 (Cherry et al., 2008) 

was not significantly linked to SN status in any of these cohorts (p=0.63). No FV 

haplotype was associated with SN in Caucasian or Malay HIV+ patients (Appendix B 

Table B.2) 

 
 

4.4 Discussion 
Human populations have limited numbers of TNF block haplotypes (Ackerman et 

al., 2003, Allcock et al., 2004, Valente et al., 2009a). The TNF block haplotype series 

reconstructed here in Caucasian, Chinese, Malay, South African HIV+ patients and 

corresponding healthy donor cohorts is aligned with that described by Valente et al, 

with a total of 34 haplotypes defined from 31 SNPs. Two South Africans haplotypes 

were not seen previously. However number of haplotypes in the South African 

population remains similar to other ethnicities, 17 versus 12-19 out of 231 possible 

haplotypes, consistent with earlier studies. This confirms that TNF haplotypes are 

relatively conserved throughout all ethnicities.  

(Note: the similarity between HIV+ patients and controls amongst donors of 

Caucasian and Chinese extraction validates comparisons between South African 

HIV+ patients and healthy donors of other ethnicities. This fits with the relative 

paucity of genetic associations with susceptibility to HIV noted elsewhere and the 

generally held view that acquisition of HIV reflects unsafe sex and sharing needles – 

ie: activities with no genetic basis). 

 

Conservation of the TNF haplotype may also be observed in the phylogeny of South 

African haplotypes. Although TNF haplotype frequencies varied between 

ethnicities, four haplotypes were observed in all cohorts. The haplotypes spanned 

across all haplotype families. Similar to the other ethnicities, the South African HIV+ 

cohort carries haplotypes from all seven FV families. Likewise no FV family was 

specific to any single population. The similarity and spread of TNF block haplotype 

frequencies observed in Africans, Caucasians, Malays and Chinese confirms our 

hypothesis that TNF haplotypes are ancient and predate population divergence. 
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Hence it is appropriate to use this series as a framework for investigating disease 

susceptibility in all ethnicities. 

 

The importance of using haplotypes (rather than SNP) for disease association 

studies is highlighted in this study. In the South African HIV-SN cohort, four SNPs 

were associated with increased risk of SN. However three of those SNP define a 

single haplotype group (FV16-21). Likewise in the Chinese HIV+SN+ population, five 

SNPs were associated with SN risk and all five SNPs are found in the FV haplotypes 

FV6&7. While it is possible that one of these SNPs modifies SN-risk, it is more likely 

that these SNPs lie on the same haplotype (and therefore are in linkage 

disequilibrium) with the causative SNP. Alternatively HIV-SN may reflect the 

cumulative effect of several SNP within a haplotype. 

 

 

4.4.1 FV18-21 associated with an increased risk for SN in South 
African stavudine-exposed HIV+ patients 

Initial bivariate analyses associated the minor allele of SNPs rs3130059, rs2071594, 

rs2071592 and rs2071591 with decreased risk of SN in stavudine-exposed South 

African HIV+ patients. The SNPs collectively define FV haplotypes 15-21 which 

belong to the larger haplotype family 15-23. Of all the haplotype families, FV15-23 

is the most common - comprising of (58% of the HIV+ cohort). Within this family 

FV16 and 18 are the most common haplotypes (12.7% and 35.4% of the cohort, 

respectively). However, BAT1 Intron10*2 (rs9281528), which tags FV16 and 16.1, 

was not associated with SN in a bivariate analysis (p=0.63), so FV16/16.1 is unlikely 

to explain the association of the family with SN. Following logistic regression in a 

multivariate analysis correcting for age and height, FV18 displayed a weak trend for 

association with increased susceptibility to SN (p=0.163; OR=1.26; 95% CI=0.91-1.8).  

Our group has shown that cells from Caucasians carrying FV18 (when compared 

with non-FV18 carriers) displayed dysregulated production of TNF-α and LT- in 

cultures stimulated with E.coli or S.pneumoniae (Tan et al., 2011). FV18 can also be 

linked to other diseases associated with inflammation. FV18 comprises part of the 
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44.1AH (HLA-B44, -DRB1*0401) haplotype (Valente et al., 2009a). HLA-DRB1*0401-

bearing haplotypes have been implicated in risk for RA (Hajeer et al., 1996), a 

disease which involves LT-α and TNF-α (Buch et al., 2004). FV18 in conjunction with 

HLA-DRB1*0401 may promote the pathology of inflammatory diseases such as SN 

and RA by altering TNF-α levels. 

 

4.4.2 Family FV30-31 is associated with Sensory Neuropathy in South 
African HIV+ patients on stavudine 

Although initial bivariate analysis found no association between individual SNPs 

making up the haplotypes of the FV30-31 family, a multivariate model correcting 

for age and height associated the FV30-31 family with a protective effect against 

development of SN in stavudine-exposed HIV+ patients. Similarly a bivariate analysis 

of the individual haplotypes comprising the FV30-31 family found that FV31 is 

associated with decreased risk of SN (p=0.02; OR=0.49; 95%CI=0.23 - 1.05). FV31 has 

been associated with the conserved MHC 35.2 ancestral haplotype (HLA-A11, B35, 

DRB1*0101) in Caucasians (Valente et al., 2009a). The 35.2 AH is associated slower 

progression to AIDS (Flores-Villanueva et al., 2003) in European patients with HIV. 

Paradoxically the 35.2 AH is linked to increased susceptibility for sporadic inclusion 

body myositis (a chronic condition involving inflammation of muscle tissues) in 

Australian Caucasians (Price et al., 2004b, Mastaglia et al., 2006). Inclusion body 

myositis likely reflects polymorphisms in the MHC between TNF and HLA Class II 

genes (eg: Heat Shock Protein (HSP) or Receptor for Advanced Glycation 

Endproducts (RAGE), so the parallel with SN may be coincidental. However we 

conclude that further assessments of the protective effect of the FV30 haplotype 

group/FV30-31 against SN should consider linkage disequilibrium between TNF 

block haplotypes and MHC AH.  

 

4.4.3 FV6,7 observed in South East Asian Malay and Chinese HIV+ 

patients 

SNPs associated an increased risk of SN in Chinese donors rs2523506, rs2251824, 

rs1799964, rs4248518 and rs1052248 all mark the FV6,7 haplotype (Table 4.1, Table 
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4.2). FV6,7 was also associated with increased risk of SN in Chinese HIV+ patients 

(p=0.05; OR=20.26; 95% CI=0.89-458). I previously associated the truncated 

FVa6,7,8 group with an 8-fold increased risk of SN in Chinese and a weaker 

association in Malay HIV+ patients using logistic regression analysis (described in 

detail in Chapter 3 section 3.4). However, no association was observed in Malay and 

Caucasian HIV+ patients in this study. This may be due to several factors:  

 

1) The Malay HIV+ patient cohort is probably more diverse than initially thought; 

evidenced by differences in the MAFs between HIV+ patients and controls.  

2) FV6,7 is rare in Caucasians, reducing our statistical power (Table 4.2).  

 

In the South African cohort, our bivariate analysis found no association between 

these HIV-SN risk and SNPs in the FV6,7 haplotype, FV6,7 itself or the haplotype  

group (Tables 4.4 & 4.5) since these were rare or not found in South Africans (Table 

4.2). This includes TNFA-1031*2 which was has been associated with SN (Affandi et 

al., 2008, Chew et al., 2010) in Asians. FV8 was found in South Africans but was not 

associated with SN. By logical deduction we can now refine the association with 

FVa6,7,8 in Asians (see Chapter 3) to an association with FV6,7 – the haplotype not 

found in South Africans.  

 

4.5 Conclusions  
The study had several limitations. Firstly, the small cohorts restricted the statistical 

power. Secondly, the Malay HIV+ population was more genetically diverse than 

previously thought. Finally the haplotype call success rate was lower than expected 

when the Asian and Caucasian samples were sent for GoldenGate typing. This likely 

reflects the age of the DNA samples (several freeze thaw cycles).  

 

Despite these limitations, I identified three different groups of haplotypes which 

appear to affect SN risk - establishing that multiple genetic pathways are involved in 

the dysregulation of TNF-α production leading to SN in HIV+ patients. Future studies 

will require larger cohorts and more SNPs to more accurately identify potential 
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disease haplotypes. Another avenue of investigation involves integrating data from 

the HapMap project to define all SNP in linkage disequilibrium with the FV 

haplotype series, and re-genotyping the cohort with selected tagSNP. This study is 

underway in South Africa under the direction of Dr Zané Lombard and Prof Peter 

Kamerman using the Yoruba as the best available population to predict South 

African haplotypes. Finally HLA-typing is required to identify linkage disequilibrium 

between the TNF haplotypes and MHC AH associated with inflammatory disease. 

This has potential to generate a tool to estimate individual risk of SN and improve 

our understanding of inflammatory response underlying HIV-SN.  
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Chapter 5 - Relationships between genetic markers 
of neuroinflammation, neurodegeneration and 
neurocognitive impairment in controlled HIV infection 

5.1 Background 
Successful HAART suppresses HIV viral replication, making HIV a chronic disease. 

However the prevalence of HIV-associated Neurocognitive disorders (HAND) has 

remained as high as the pre-HAART era. This parallels the increased prevalence of 

SN observed in HIV+ patients post-HAART. While some HAND may reflect a 

worsening of disease that initially improved under HAART, about 21% of cases 

represent new cognitive defects occurring despite ART, mirroring the increased 

incidence of SN (Robertson et al., 2007). 

 

The epidemiology of HAND is discussed in Chapter 1, section 1.4.2.2. Briefly, HAND 

comprises HIV-associated dementia (HAD), the less fulminant form of neurological 

dysfunction (minor cognitive/motor disorder) MCMD and Asymptomatic 

Neurocognitive Impairment (ANI). The prevalence of MCMD has risen since the 

introduction of HAART. Although HAD was more commonly observed in the pre-

HAART era, rates have decreased to <7% of HIV+ patients following ART (Heaton et 

al., 2010).   

 

Although the pathophysiology of HAND remains poorly understood, it is associated 

with inflammatory dysregulation of macrophage-mediated IL-1 and TNF-α pathways 

in the brain and oxidative stress, resulting in neuronal damage (discussed in 

Chapter 1, section 1.4.2.2). HAND bears several parallels with Alzheimer’s Disease 

(AD) pathology (Corder et al., 1998). It is possible that host genotype modifiers of 

chemokine and cytokine pathways play a role in HAND and may serve as a tool to 

predict HAND. 

 

Presence of the functionally active SNP TNFA-308*2 has been associated with HAD 

in both African American and Caucasian HIV+ patients (Quasney MW, 2001, 

Pemberton et al., 2008), although Sato-Matsumura et al found no association 
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between TNFA-308 status and HIV encephalitis (Sato-Matsumura et al., 1998). 

However previous studies did not account for LD in the TNFA region (discussed in 

Chapter 1 Section 1.4.2.1.1) so it is possible the observed effect of TNFA-308*2 

reflects LD with causal SNP.  

 

Apolipoprotein E (ApoE) is a cholesterol transport protein produced by 

macrophages, glia and neurons in the central nervous system. Polymorphisms in 

the APOE gene have been linked with inflammatory dysregulation. APOE has three 

major allelic variants ɛ3, ɛ4 and ɛ2, which each encode a different isoform of ApoE. 

The isoforms differ by amino acid substitutions at positions 112 and 158: ɛ3 

(Cys112, Arg 158), ɛ4 [ApoE4 (Cys112Arg)] and ɛ2 (Arg158cys) (Weisgraber et al., 

1981, Zannis et al., 1982). Carriage of ApoE4 is associated with increased 

vulnerability to neuronal damage associated with oxidative stress (Cutler et al., 

2004) and doubles the lifetime risk of Alzheimer's disease (Mayeux, 1998). However 

the link between ApoE4 status and HAD is debatable; while Corder et al found HAD 

twice as prevalent among ApoE4 carriers (Corder et al., 1998), Dunlop et al. found 

no such correlation (Dunlop et al., 1997). This may reflect the patients’ age as 

carriage of ApoE4 was associated with HAD in aged, but not younger HIV+ patients 

(Valcour et al., 2004). Conversely the ɛ2 variant is associated with reduced non-HIV 

associated AD risk (Berlau et al., 2009, Corder et al., 1994, Farrer et al., 1997). 

Currently the effects of ApoE4 status remain unclear. In this chapter I investigate 

the link between host genotype (BAT1, TNFA, IL1A, CCL2, CXCL12, and APOE) and 

HAND in a cohort of Australian HIV+ patients and address whether similar 

genotypes affect HAND and SN. 

 

5.2 Material and Methods 

5.2.1 Cohorts 

103 HIV+ individuals aged >45 years were enrolled with historically advanced 

disease in a study co-ordinated by Dr Lucette Cysique and Prof Bruce Brew 

(Department of Neurology, Xavier Building, St. Vincent's Hospital, Darlinghurst 

NSW, Australia). All were stable on HAART and 98% had undetectable plasma HIV 
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RNA. All underwent a standard neuropsychological (NP) assessment, assessing 7 

cognitive abilities, performed by Dr Lucette Cysique. Three NP summary scores 

were generated, the Global Mean Score (GMS) and Global Mean-T Score (GMT) to 

capture overall neurocognitive performance and the Global Deficit Score (GDS) to 

capture degree of cognitive impairment. NP-impaired versus NP-normal were 

classified according to the GDS≥.05 method (21% were NP-impaired).  

 

5.2.2 Genotyping 

DNA was extracted from patient saliva using methods described in section 2.3.1. 

Thirteen SNPs were genotyped using TaqMan assays (section 2.3.2.2). Two SNPs are 

in the APOE gene (rs429358, rs7412) defining the APOE ɛ3, ɛ4 and ɛ2 variants. SNPs 

defining the “TNFA-1031*2 centric” FVa mini-haplotypes (refer to section 3.3) were 

BAT1 Intron10 (rs9281523), BAT1-210 (rs2523506), BAT1-1101 (rs2844509), TNFA-

1031 (rs1799964), TNFA-308 (rs1800629) and NFKBIL1+446 (rs2230365). Additional 

inflammatory SNP [IL1A+4845 (rs17561), CXCL12 (rs1801157) and CCR2V64I 

(rs1799864)] were also genotyped. Median (range) GSR was 99% (98%–100%). 

 

5.2.3 Statistical analyses 

Allele and genotype frequencies conformed to HWE when assessed as described in 

Chapter 2, section 2.3.5.2. The PHASE algorithm (refer to Chapter 2, section 2.3.5.3) 

was used to statistically infer mini-haplotypes which were annotated FVa, 

consistent with Chapter 3, section 3.3). Demographic and laboratory details (GMS, 

GMT, GDS, nadir CD4+ T-cells, current CD4+ T-cells, current CD8+ T-cells) and 

carriage of minor alleles and mini-haplotypes were compared between groups 

using unpaired t-tests [normally distributed continuous variables, described using 

mean + standard error (SE)]. Dichotomous variables (neurocognitive impairment vs 

no neurocognitive impairment were assessed using Fisher’s Exact tests [described 

using OR and 95% CI].  
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5.3 Results 
Associations between genotypes and clinical outcome are summarised in Table 5.1. 

Significant associations are discussed below.  

 

Carriage of APOE allele 2 (12%) was associated with better neurocognitive 

functioning (mean ± SE; GMS 9.57 ± 0.17 vs 10.72 ± 0.33, p=0.02; GMT 48.9 ± 0.6 vs 

52.7 ± 1.0, p=0.01) and was weakly associated with having no NP impairment 

(p=0.07; OR=8.09; 95% CI=0.46-142).  

 

IL1A+4845 allele 1 homozygotes (37% of the cohort) were more likely to be NP-

impaired (p=0.04; OR=3.25; 95%CI=1.01-10.5) than allele 2 carriers. IL1A+4845 

allele 1 was associated with slightly lower nadir CD4+ T-cell counts than allele 2 

carriers (164 vs 209; p=0.07).  

 

NFKBIL+446 allele 1 homozygosity (71% of the cohort) was associated with greater 

NP-impairment (0.36 ± 0.06 vs 0.18 ± 0.04, GDS p=0.05), whilst NFKBIL+446 allele 2 

carriers had higher CD8+ T-cell counts (1070 vs 855; p=0.01). No other TNF block 

SNP affected HAND or CD4+ or CD8+ T-cell counts. 

 

Carriage of the FVa1,3,4,12 haplotype was associated with increased risk of NP-

impairment (p=0.05; OR=3.68 95%CI=1.00-13.5), as well as worse neurocognitive 

function (GDS 0.33 ± 0.06 vs 0.45 ± 0.13, p=0.05). FVa6,7,8 was weakly associated 

with greater NP-impairment (GDS 0.33 ± 0.06 vs 0.45 ± 0.13, p=0.07). FVa9,10 did 

not associate with neurocognitive function in this cohort. 

 

Carriage of the ɛ2 isotype was associated with better neurocognitive function (GMS 

9.52 ± 0.19 vs 10.64 ± 0.36, p=0.05; GTS 48.7 ± 0.7 vs 52.5± 1.0, p=0.03) and was a 

significant predictor of having no NP-impairment (p<0.0001 OR=0.014 

95%CI=0.0007-0.24). ɛ3/ ɛ3 homozygosity was weakly associated with better 

neurocognitive function (GTS 48.5 ± 0.8 vs 50.0 ± 1.1, p=0.06). Conversely carriage 
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of ɛ4 and ɛ3 isotypes and ɛ4/ ɛ4 status was not associated with modification of 

neurocognitive function (p>0.10).  

 

5.4 Discussion 
Although APOE genotypes were not assessed in relation to SN, they are included 

here as they were considered likely to affect HAND. In this cohort of older 

Australian HIV+ patients stable on ART, carriage of the ɛ2 isoform conferred better 

neurocognitive function and protection against development of NP-impairment and 

ɛ3/ɛ3 patients displayed a weak trend for better neurocognitive function. The 

protective effect of the ɛ2 isoform carriage has been observed in late onset AD 

across different ethnic groups (Corder et al., 1994, Farrer et al., 1997). In a study of 

aged care patients, carriers of the ɛ2 allele had reduced risk of dementia, but 

(paradoxically) increased AD neuropathology (Berlau et al., 2009). The effects may 

arise because the amino acid substitutions modify ApoE protein structure. Of the 

three isoforms, ɛ2 folds in the most stable conformation, whilst ɛ4 is the least 

stable and ɛ3 is intermediately stable (Huang et al., 2004). Increased stability may 

be responsible for the protective effect of the ɛ2 conformation. The ɛ4 

conformation has the greatest tendency to form “molten globules” and has been 

associated with alterations to cellular interactions and function, including increased 

susceptibility for proteolytic cleavage and amyloid beta toxicity (Huang et al., 2004). 

The ɛ2 and ɛ3 isoforms block cerebral capillary sequestration and blood to brain 

transport of soluble amyloid beta, whereas the ɛ4 forms a stable complex with 

soluble amyloid beta (Huang et al., 2004). This may result in additional amyloid load 

in the brain – an effect that could be critical in HIV+ patients, as they generally have 

high amyloid levels (Giometto et al., 1997, Vehmas et al., 2004). 

 

Neither ɛ4 carriage or ɛ4/ ɛ4 status was associated HAND risk in this cohort. Valcour 

et al reported that the ɛ4 allele is more frequent in younger Hawaiian HIV+ patients 

(<40 years) than those over 50 years old, with the implication the ɛ4 isoform may 

modify survival. Associations between the ɛ4 isoform and HAND were only 

observed in the older cohort (Valcour et al., 2008, Valcour et al., 2004). Here the 
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mean age was 55 years so it is unclear whether we can attribute the discrepancy 

our findings and those of Valcour et al to age or ethnicity.   Some larger studies also 

found no associations between APOE genotype and HAND in European and African 

American HIV+ patients (Dunlop et al., 1997, Burt et al., 2008).  

 

HIV NP-impairment was associated with carriage of the minor allele of the non-

synonymous coding SNP IL1A+4845 in this study. In Caucasians IL1A+4845 is in 

linkage disequilibrium with the putative promoter SNP IL1A-889. Cells from donors 

carrying IL1A-889*2 (and IL1A+4845*2) release more IL-1α protein, although mRNA 

levels are not affected (Lee et al., 2008). Homozygous IL1A-889/IL1A+4845 minor 

allele Australian patients respond more slowly to HAART, with only 40% of patients 

managing to maintain undetectable viral loads after 5 years. Similarly only 80% of 

Caucasian patients from the ACTG384 study with homozygous IL1A-889/IL1A+4845 

major alleles successfully suppressed viral replication after 60 months (Price et al., 

2004a). A plausible hypothesis for this can be extrapolated from the role of the 

IL1A+4845 substitution (alanine [major allele (G)] to serine [minor allele (T)] at 

position 114 of IL1A) in IL-1 processing. IL-1α is part of the IL-1 family, cytokine 

mediators for inflammatory disease and is cleaved into two parts; a 17kDa C-

terminal domain whose function is to interact with IL-1 membrane receptors, and a 

16 kDa N-terminal fragment that is internalized and modifies cellular metabolism 

and apoptosis. The phosphorylation of serine or threonine residues near the active 

site facilitates cleavage. It is possible that possession of the IL1A+4845 serine 

isoform promotes digestion, which may play a role in the upregulation of IL-1α 

observed in the brains of patients with HAD (Palella et al., 1998, Tyor et al., 1992).  

Alternatively the association with HAND may reflect virological failure of ART. 

Unfortunately sequential data for plasma HIV RNA are not available at the time of 

writing. 

 

Of the individual SNPs comprising the truncated TNF FVa-mini haplotypes, only 

carriage of the NFKBIL SNP (rs2230365) major allele was associated with increased 

risk of NP-impairment. This appears to contradict our group’s previous findings, 

which found carriage of TNFA-308*2 was associated with increased risk of HAD 
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(Pemberton et al., 2008). However the two studies investigate different forms of 

HAND; it is plausible to assume that the much milder form of neurocognitive 

disorder observed in ART treated patients investigated in this study has involves 

different pathogenic mechanisms than frank dementia as an outcome of AIDS. 

 

FVa 1,3,4,12 and FVa6,7,8 were associated with increased risk of HAND (p=0.05 and 

p=0.07 respectively), both haplotypes carry the NFKBIL+446 major allele. Of the two 

haplotype groups, FVa 1,3,4,12 displayed a stronger association with HAND risk, 

whilst FVa 6,7,8 is most strongly associated with SN (Chapter 2 Section 3.3). It is 

possible that the core pathophysiology of neuronal damage in HAND and SN involve 

different TNF mediated pathways. Another explanation is that the effects of HAND 

and HIV-associated SN may be associated with different (non “TNFA-1031*2 

centric”) TNF block haplotypes, opening new avenues for further investigation.
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Chapter 6 
 

 A longitudinal study of the effects of ART on 
plasma chemokine levels in Malaysian HIV+ 

patients 
 

Data from this chapter has been published.  
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Chapter 6 - A longitudinal study of the effects of ART 
on plasma chemokine levels in Malaysian HIV+ 
patients 

6.1 Background 
Antiretroviral therapy (ART) suppresses viral replication and reduces opportunistic 

infections. However, several adverse effects compromise both patient health and 

adherence to therapy. These include SN (Cherry et al., 2003) and IRD (French et al., 

2004, Price et al., 2009). Both are characterized by dysregulated host inflammatory 

responses (Kestens et al., 2008, Uceyler et al., 2007). Circulating chemokines may 

be a component of functional immune reconstitution or may mediate SN or IRD. 

 

The effects of ART on chemokines are not well characterized, as few studies have 

assessed plasma chemokine levels in longitudinal sample sets (Reviewed in Chapter 

1, sections 1.4.2.3.-1.4.2.8). Briefly; increased levels of CCL5 were evident from 4 

weeks on ART in two studies (Aukrust et al., 1998, Bisset et al., 1997). CCL5 

production by cultured CD4+ and CD8+ T-cells was associated with maintenance of 

undetectable plasma HIV RNA for 1 year (Fransen et al., 2000). Plasma CXCL10 

levels decreased after 24 weeks of ART in patients from the USA and after 1 year on 

ART in Cambodian patients (Oliver et al., 2010, Relucio et al., 2005). Persistently 

high CXCL10 levels were also associated with immunological treatment failure 

following ART (Stylianou et al., 2000). However other chemokines have not been 

monitored over time in patients initiating ART.  

 

Up to 45% of HIV-1 infected patients experience an IRD when numbers of memory 

CD4+ T-cells are rising on ART (Price et al., 2009). This was reviewed in Chapter 1, 

section 1.4.4. Pathogens commonly associated with IRD include Mycobacterium 

avium, Mycobacterium tuberculosis, Cryptococcus neoformans, cytomegalovirus 

(CMV), Hepatitis C virus (HCV), Hepatitis B virus (HBV) and Varicella Zoster virus 

(VZV). Risk factors for IRD include CD4+ T-cell counts below 50 cells/µL prior to ART 

and an active or sub-clinical infection by an opportunistic pathogen (French et al., 

2004). Chemokines have been implicated in IRD in several studies; most notably 
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CCL2 and CXCL10 (refer to Chapter 1, section 1.4.4). Briefly, plasma levels of 

CXCL10, soluble (s) CD30 (a marker of T-cell activation), CCL2 and IL-18 (a monokine 

required for T-cell activation) were all correlated with alaninetransaminase levels in 

HBV co-infected patients after 8 weeks on ART (Crane et al., 2009). Increased 

plasma levels of CXCL10 were associated with TB-IRD in a cohort of 75 patients 

from Cambodia. When considered together, high CXCL10, low CCL2 and high IL-18 

levels before ART were significant predictors of TB-IRD (Oliver et al., 2010). 

 

SN is thought to be driven by disordered inflammation in the context of HIV-

associated immune activation and immune restoration triggered by ART (discussed 

in depth in Chapter 1, section 1.4).  

 

This study addresses two questions. How does ART affect circulating plasma 

chemokines and are these changes reflected in the plasma of HIV+ patients with 

ART-associated inflammatory diseases. The study is based on a cohort of patients 

initiating ART in Malaysia with advanced immunodeficiency and many opportunistic 

infections. 

 

6.2 Materials and Methods 

6.2.1 Study Subjects 

Antiretroviral-naive HIV-infected patients attending outpatient clinics at the 

University of Malaya Medical Centre (Kuala Lumpur, Malaysia) were recruited for a 

longitudinal study. All patients (n=66) began ART (Efavirenz/Combivir, 

Stavudine/Lamivudine/Efavirenz or Stavudine/Lamivudine/Nevirapine) with CD4+ T-

cell counts < 200/µl and donated plasma at baseline, 6, 12, 24 and 48 weeks.  

Where all data were available (n=56), all patients achieved a >2-fold recovery of 

CD4+ T-cell count and/or CD4+ T-cells >200/µl during ART. 28 healthy control 

subjects from Kuala Lumpur donated blood once. DNA was collected from 

peripheral blood neutrophils from all participants. Laboratory, clinical and 

demographic data were collected from patients’ medical records. The study was 
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approved by the Ethics Committees of the University of Malaya and informed 

consent was obtained from all participants. 

 

Fifteen patients experienced at least one IRD event, including tuberculosis (TB; 

n=7), Kaposi’s sarcoma (n=3), CMV (n=3), dermatomal VZV (n=1) and cryptococcal 

meningitis (n=1).  IRD cases were analysed together as the numbers are low. No co-

infection with HBV or HCV was reported. 

 

Thirty patients were screened for neuropathy using methods described in Chapter 

2, section 2.2. As with the South East Asian SN cohorts described in Chapter 3, 

section 3.2.1, SN was defined by the presence of both symptoms and signs on the 

ACTG BPNS.  

 

 Blood sample collection and CD4+ T-cell counts.  6.2.1.1

EDTA-treated blood was collected from patients at baseline and weeks 6, 12, 24 and 

48. Peripheral blood mononuclear cells were isolated by Ficoll gradient 

centrifugation and plasma and neutrophils were stored at -80oC. Samples were 

processed by Hong Yien Tan, Siew Phooi Teh and Yeat Mei Lee. CD4+ T-cell counts 

were measured in EDTA-treated whole blood by routine flow cytometry. 

 

 Quantification of chemokines in plasma.   6.2.1.2

For ELISA methods refer to Chapter 2, section 2.4.2. Plasma CCL5 was quantitated 

using DuoSet ELISA (R&D systems, Minneapolis) and CCL2 and CXCL10 were 

quantitated using BDOptEIA ELISA (BDBiosciences) according to manufacturer’s 

instructions. The lowest limits of detection for the CCL5, CCL2 and CXCL10 assays 

were 15, 1 and 5 pg/mL, respectively. 

 

 DNA extraction and SNP genotyping.  6.2.1.3

Ten SNP were genotyped using TaqMan FAM or VIC-labelled probes 

[C__15874407_10, C__15944115_20, C__27478341_10, C__15874396_20, 
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C__11939405_1_, C___7449817_10, C___1085600_10, C___9546517_10, 

C___1839943_10, C___2590362_10, C___1085595_10 for rs2107538 (CCL5), 

rs2069705 (IFNG), rs3760396 (CCL2), rs2280788 (CCL5), rs4586 (CCL2), rs1024610 

(CCL2), rs1799945 (HFE), rs1143634 (IL1B), rs16944 (IL1B), rs1024611 (CCL2), 

rs1800562 (HFE) respectively]. For DNA extraction and genotyping protocols, refer 

to Chapter 2, section 2.3.4 

 

 Statistical analysis  6.2.1.4

Plasma chemokine data were assessed using the Graphpad Software Package 

(Graphpad Software Inc; San Diego, CA) and Stata version 10.1 (StataCorp, College 

Station, Texas, USA). Demographic details, plasma chemokine levels and minor 

allele carriage were compared between groups using Chi2 or Fisher’s Exact tests 

(dichotomous variables), Wilcoxon rank-sum or Mann-Whitney paired tests [non-

normally distributed continuous variables]. Correlations between chemokine levels 

and time on ART were assessed by A/Prof Catherine Cherry, using linear regression 

modelling, clustered by patient to account for multiple measures from each 

individual. Chemokine levels were log transformed to approximate normality. 

Correlations between chemokine levels and CD4+ T-cell counts were analysed using 

Spearman’s test, [non-normally distributed continues variables]. For methods of 

allele and genotype frequency analyses, refer to Chapter 2, section 2.3.6.  

 

6.3 Results 

6.3.1 Time on ART influences chemokine levels in a longitudinal 
cohort 

The effects of ART on plasma chemokine levels are shown in Figure 6.1. CXCL10 

levels were lower after 6 weeks on ART compared to baseline (p=0.002 - <0.0001; 

Wilcoxon rank-sum), but remained higher than healthy controls (p=<0.0001; Mann 

Whitney). The association between decreasing log CXCL10 levels and time on ART 

was confirmed using a linear regression model clustered by patient (p<0.0001, 

r2=0.18) (Figure 6.1 a).  
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Plasma CCL5 levels rose slowly during ART and were higher than baseline from 

week 6 to week 48 (p=0.04 - 0.006; Wilcoxon rank-sum). However, plasma levels of 

CCL5 measured in HIV+ patients (either at baseline or during ART) were similar to 

healthy controls (p≥0.1; Mann Whitney) (Figure 6.1 b).  

 

Levels of CCL2 were below the limit of detection in most samples, so we saw no 

clear trends over time.  However, CCL2 was detectable in 101 of 324 (31%) of 

samples from HIV+ patients, compared with only 5 of 38 (13%) from controls 

(p=0.02; Chi2 test). CCL2 levels were higher in HIV+ patients than controls at all time 

points from week 12 (p=0.04 – p=0.01; Mann Whitney) (Figure 6.1 c). 

 

A rise in CD4+ T-cell counts with time on ART was evident in the entire cohort as 

expected (Figure 1d). We found no associations between CD4+ T-cell recovery and 

plasma levels of any chemokine measured here (p=0.63-0.92; Mann Whitney). 

Baseline CD4+ T-cell counts were also not predictive of chemokine levels (r= -0.007 -

0.17, p=0.1 - 0.8; Spearmen’s test). 

 

6.3.2 Plasma levels of CXCL10 and CCL5 are elevated in IRD patients. 

Plasma CXCL10 levels fell by week 6 compared to baseline levels in patients with no 

IRD (p=0.001; Wilcoxon-rank sum), but did not decline significantly in IRD patients 

(p=0.09 - 0.8) (Figure 6.2 a).  

 

Plasma CCL5 concentrations were similar to control donors in patients without IRD 

(p≥ 0.2 at all time points tested; Mann Whitney) but higher than controls in IRD 

patients. This difference was significant at weeks 6, 12 and 48 (p=0.03, p=0.0004, 

p=0.003 respectively) (Figure 6.2 b). 

 

6.3.3 Plasma levels of CCL5 are high in some patients with SN. 

This study had limited power to explore associations between HIV-SN and plasma 

chemokine levels, with only 30 patients screened for SN.  However three of 8 
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patients with SN displayed persistently elevated plasma levels of CCL5 on ART 

(figure 6.3). This was not apparent in any of the 22 patients without SN (p=0.01; 

Fisher’s exact test). The finding warrants further consideration in larger cohorts 

where SN status is followed at baseline as well as during ART. Patterns of plasma 

CCL2 and CXCL10 over time were similar in HIV+ patients with and without SN. 

 

6.3.4 Chemokine Genotyping 

A panel of SNPs in the CCL5, CCL2 and IFNG genes was chosen based on reported 

associations with plasma chemokine levels or inflammatory diseases.  Allele and 

genotype frequencies were assessed using statistical methods described in Chapter 

2, section 2.3.6. No associations were observed between SNPs and CD4+ T cell 

recovery, the development of SN or an IRD, or plasma chemokine levels - other than 

a modest association between increased baseline plasma CXCL10 and carriage of 

rs1024610 minor allele (p=0.05; Fisher’s test). This association may be random as 

the SNP is in CCL2. No association was observed between baseline CD4+ T cell 

counts and any of the tested SNPs (p=0.06 - 0.8; Fisher’s test). (For full descriptive 

statistics of chemokine genetics, refer to Appendix C, Table C.1 - C.8) 

6.4 Discussion 
This study assessed changes in plasma chemokine levels in a longitudinal study of 

patients beginning ART with advanced HIV disease. CXCL10 levels fell on ART, 

consistent with our findings in a Cambodian cohort (Oliver et al., 2010). However 

CXCL10 levels remain higher in Malaysian HIV+ patients at all time points compared 

to healthy controls. Importantly CXCL10 levels did not decline to the same extent in 

IRD patients despite 48 weeks of effective ART. This has been described in TB IRD 

(Oliver et al., 2010) and HBV IRD (Crane et al., 2009). CXCL10 is induced by IFN, and 

is responsible for recruiting T-cells to sites of inflammation and NK cell activation. 

The persistently elevated levels of CXCL10 observed in patients with IRD may 

contribute to the inflammation characteristic of IRD. 

 

In contrast to CXCL10, CCL5 levels rose as patients responded to ART but did not 

differ significantly from healthy controls. It is also notable that the increase in CCL5 



 Chapter 6 – The effect of ART on plasma chemokine levels 

95 
 

plasma levels during ART is less than the decrease of CXCL10 levels in patients on 

ART, indicating that CXCL10 is possibly a more useful monitor of patient response to 

ART. Elevated plasma CCL5 levels were seen in 3 out of 8 patients who experienced 

SN, but not in ART-treated patients without SN. It is plausible that elevated CCL5 

may contribute to the development of SN, with in vitro studies in cultured DRG 

finding CCL5-CCR5 ligation created neurotoxicity similar to that induced by gp-120 

(Keswani et al., 2003). Moreover administration of CCL5 to adult rat hind paw 

produced dose-dependent tactile allodynia (Oh et al., 2001). CCL5 can promote 

production of the pro-inflammatory cytokine TNF-α in co-culture (Qiu et al., 2009), 

possibly leading to TNFR1-mediated neurotoxicity and resulting neuropathy.  

 

Plasma CCL2 was frequently below the limit of detection for our assay. 

Nonetheless, detectable CCL2 was more common in patients than controls, so this 

chemokine warrants further investigation. Detectable levels of plasma CCL2 were 

not associated with IRD or SN. CCL2 inhibits viral entry in peripheral blood 

lymphocytes via competitive binding of the CCR2 and CCR5 receptors (Frade et al., 

1997, Homan et al., 2002). CCL2 is produced in response to pro-inflammatory 

stimuli and attracts monocytes, macrophages, basophils, mast cells, T lymphocytes, 

natural killer cells and dendritic cells to sites of injury (Gu et al., 1997). This range of 

effects illustrates the complexity that needs to be considered in future studies.  

 

No genotypes tested affected chemokine levels or disease status. The panel of SNPs 

were selected from published papers (Alonso-Villaverde et al., Buchs et al., 2001, 

Kallianpur et al., 2006, McDermott et al., 2005, Mezger et al., 2008, Modi et al., 

2003, Yamamoto-Furusho et al., Zhernakova et al., 2006). All were associated with 

inflammatory disorders or with a change in chemokine levels in vivo or in vitro. 

Several IRD have been associated with low baseline CD4+ T-cell counts (summarized 

in (Muller et al.)) and with steady high levels of CXCL10 on ART (Crane et al., 2009, 

Oliver et al., 2010). Hence we examined whether high levels of CXCL10 were a 

feature of low baseline counts. However we found no association between CXCL10 

levels and CD4+ T-cell counts at any time before or during treatment.  
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There were several limitations to our study. Firstly, as the cohort was small, 

patients with any IRD were assessed together - using the hypothesis that all IRD 

represent an immunopathology (Sereti et al., 2010). However different mechanisms 

may mediate IRD associated with different pathogens (Price et al., 2009), so future 

studies should assess these separately. Similarly the study was not adequately 

powered to explore associations between chemokine levels and SN, highlighting the 

need for a larger cohort.   Future studies should also include assessments of 

immune activation and assessment of SN status prior to ART (to assist in 

distinguishing DSP from cases of SN developing on ART). 

 

In summary; plasma levels of CXCL10 decreased and CCL5 increased during ART. 

CCL2 levels were elevated by HIV disease, but did not change on ART. Patients 

reporting an IRD maintained high levels of CXCL10 compared to non IRD patients, 

while some patients with SN displayed elevated levels of CCL5 on ART. Chemokine 

levels were not associated with CD4+ T-cell counts before and on ART. These data 

suggest that chemokines play a role in the inflammatory pathways of IRD and SN, 

but do not support a role for the chemokines studied in CD4+ T-cell recovery on 

ART. 
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Figure 6.1  Chemokine levels and CD4+ T-cell counts over time in HIV+ patients 
initiating ART.  
The x axis shows number of weeks on ART.  The y axis indicates plasma 

concentrations of (a) CXCL10, (b) CCL5 and (c) CCL2, and (d) CD4+ T-cell count. 

*p=<0.05; **p=<0.01; *** p=<0.001. 
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Figure 6.2  Chemokine levels over time in patients initiating ART in patients 

who did (red) and did not (blue) develop an IRD.  

The x axis indicates weeks on ART.  The y axis indicates plasma concentrations of (a) 

CXCL10 and (b) CXCL5. *p=<0.05; **p=<0.01; *** p=<0.001. 
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Figure 6.3 Plasma concentrations of CCL5 in (a) individual patients with sensory 

neuropathy and (b) patients without neuropathy. 
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Chapter 7 
 

An investigation into localized tissue 
inflammatory profiles and nerve damage in 

HIV+ patients undergoing different stages of SN 
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Chapter 7 - An investigation into localized tissue 
inflammatory profiles and nerve damage in HIV+ 
patients undergoing different stages of SN 

7.1 Background 
The preceding chapters established that polymorphisms in genes of the TNF block 

influence sensory neuropathy. TNF-α is an important immune mediator in many 

inflammatory conditions, bearing both immunoregulatory and inflammatory 

properties (discussed in Chapter 1, section 1.4.2.1). TNF-α can initiate apoptosis and 

stimulate local macrophages to release potentially pathogenic inflammatory 

mediators (Kieseier et al., 2004). HIV-1 infection stimulates increased TNF-α 

production. This includes the effects of LPS from gut bacteria leaking into 

circulation after damage to lymphoid tissues in the gut mucosa (Ding et al., 2001). It 

is evidenced by the high levels of sTNFR in plasma at all stages of HIV disease 

(Sulkowski et al., 1998). The cell surface receptor for LPS is CD14. Expression of 

CD14 is a defining marker of monocytes/macrophage. These cells are present at 

elevated levels in the blood of HIV+ patients (Nockher et al., 1994). 

 

TNF-α upregulates macrophage expression of MHC class II antigens, initiating an 

immune reaction in the peripheral nerve (Vassalli, 1992). TNF-α is associated with 

several forms of neuropathic pain.  In patients with painful diabetic neuropathy, 

TNF-α is released by activated macrophages (Purwata, 2011). Immunohistochemical 

blood smears showed levels of macrophage TNF-α production correlates with pain 

intensity in diabetic neuropathy patients. The same study also observed similar 

trends linking TNF-α plasma levels and pain. Sural nerve biopsies of patients with 

inflammatory and non-inflammatory neuropathies also show a positive correlation 

between locally elevated TNF-α levels and pain (Empl et al., 2001). In a study 

investigating chronic inflammatory demyelinating neuropathies, patients with 

painful neuropathy had 2-fold higher blood IL-2 and TNF mRNA levels than patients 

with painless neuropathy or healthy controls (Uceyler et al., 2007). 
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In animal models of neuropathic pain, application of HIV protein gp120 increases 

TNF-α production in the DRG (Wallace et al., 2007) (discussed in Chapter 1, section 

1.4.3). Accumulation of TNF-α, activated macrophages and lymphocytic infiltrates 

was observed around the DRG of patients with DSP (Wesselingh et al., 1994). 

Similarly high levels of macrophage infiltration was observed in the sural nerves of 

HIV+ patients with DSP (Griffin et al., 1990). DSP is likely driven by local 

inflammation within the nerve and dorsal root ganglia (Hahn et al., 2008, Kokotis et 

al., 2007). Increased levels of the activated macrophage/monocyte marker soluble 

CD14 (sCD14) were observed in the CSF of ART-treated HIV+ patients with SN 

compared to those without SN (Ellis et al., 2012), but the d-drug status of these 

patients was not specified. 

 

As NRTI-SN is clinically indistinguishable from DSP, we propose a similar 

inflammatory pathogenesis with macrophages acting as the hub linking pro-

inflammatory cytokine and chemokine pathways to neuronal damage in the 

epidermal nerve fibres. This would be supported by the associations between host 

TNFA genotype and haplotype with the individual’s NRTI-SN risk (Chapter 3). This 

study creates an in vivo snapshot of inflammatory macrophages in HIV+ patients 

undergoing different phases of SN using confocal microscopy and 

immunofluorescence techniques to create complex layered images of macrophages 

(visualised by their expression of CD14) and their relationship with epidermal nerve 

damage and TNF-α cytokine expression. 
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7.2 Materials and Methods 

7.2.1 Clinical samples 

Patients with HIV (n=21) were recruited from the Alfred Hospital (Melbourne) and 

screened using the ACTG BPNS tool by A/Prof Catherine Cherry. Of these patients, 

13 were exposed to d4T and five were diagnosed with SN. Biopsies were collected 

from the distal and proximal leg 12-24 months after symptom onset. By this time 

SN was well-established. Nerve and inflammatory markers were visualised in the 

distal and proximal leg biopsies from two patients with SN and one without SN, 

using immunofluorescent staining and confocal microscopy (Chapter 2, section 

2.5.4). These patients had developed painful neuropathy shortly after exposure to 

stavudine. This had subsided to numbness at the time of sampling.  

 

HIV+ patients (n=15) with SN were recruited from the Virology Clinic of the 

Charlotte Maxeke Academic Johannesburg Hospital, South Africa, in a study co-

ordinated by Professor Peter Kamerman (University of Witwatersrand).  Nine 

patients had pain in the distal leg/feet (painful SN), whilst the remainder had non-

painful SN. Biopsies were collected from the distal and proximal leg. These patients 

may have experienced DSP or NRTI-SN as they were not followed longitudinally. 

They were sampled after <1year on ART (including stavudine).  

 

7.2.2 Control samples. 

Three healthy individuals donated skin samples from the proximal and distal leg. 

This included one donor of African ethnicity. We greatly appreciate this donation. 

 

7.2.3 Collection and storage of punch skin biopsies 

Punch biopsy methods were performed in accordance to previous literature 

(McCarthy et al., 1995). In brief, a 3-mm disposable circular punch (Acupunch, 

Acuderm, Ft Lauderdale, Florida) was used to excise a punch biopsy under a sterile 

technique, after the local injection of 2% lidocaine with epinephrine anaesthesia. 

Biopsy specimens were obtained from the following sites: the lateral upper part of 
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the thigh and the distal part of the leg, approximately 10cm above the lateral 

malleolus. Specimens were fixed using methods described in Chapter 2, section 

2.5.1. 

 

7.2.4 Post-Mortem sample 

Samples of thigh and distal leg skin (1cm3) collected post-mortem were purchased 

from the National Disease Research Interchange (NDRI) (n=1). Samples were fixed 

in 10% formalin then transferred to cryopreservative (20% glycerol: 20% 0.4M 

Sorrensons phosphate buffer: 60% dH2O) and kept at -20oC until sectioned. Patient 

was a 65 year old African American female who contracted HIV in 1993. She 

presented with HIV-SN, HAD, hypothyroidsm, gastric adenocarcinoma, and received 

chemotherapy (oxalipafin and fluororoucil) with inability to tolerate side effects. 

Patient’s ART history is as follows; Emtriva 200mg qod, Isentress 400mg/day, Ziagen 

300mg BID, Reyataz 300mg/day, Norvir 100mg/day. We greatly appreciate the 

contribution of this donor. 

 

All studies were approved by their respective Human Research Ethics Committees. 

Written, informed consent was obtained from all participants. 

 

7.2.5 Immunohistochemical (IHC) staining methods 

Initially IHC staining was selected to investigate neuroinflammation in 

paraformaldehyde-fixed 5uM paraffin sections. This utilised commercially available 

kits (Dako Envision Dual link DAB+/AP IHC system Dako; Cat number: #K536111 

California, USA) Staining was performed as follows: 

 

Sections were dewaxed and pressure retrieved. The sections were treated with 

“Dual Endogenous Enzyme block” for five minutes and stained for CD68 for 30 

minutes (dilution 1:100) at room temperature (RT). The sections were then 

incubated in “Envision Dual link System-HRP” for 20 minutes and stained with DAB 

substrate for 10 minutes. Sections were then treated with “Double stain block” for 

3 minutes and then incubated with PGP9.5 (1:200) for 30 minutes. After rinsing 
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with TBS, sections were then incubated with rabbit link for 20 minutes, polymer 

alkaline phosphatase for 15 minutes and then stained with “Permanent Red 

Working solution” for 10 minutes.  Slides were then counterstained with 

haematoxylin, dehydrated and mounted. 

 

Although this method successfully stained for CD68, 5uM sections were too thin to 

visualize the epidermal nerve fibres which transverse the skin cross-sectionally (See 

Figure 7.1 a). For this reason, I developed techniques for immunofluorescent 

staining of 50uM sections visualized with confocal microscopy, (see Chapter 2, 

section 2.5.5). Final immunofluorescent methods are detailed in (Chapter 2, Section 

2.5.4). 

 
 

 CD68 and CD14 as markers of macrophages 7.2.5.1

Initially CD68 (Dako; California, USA) was chosen as a marker for macrophages. 

However, as detailed in Figure 7.1 b-c), cells lining the basal layer of the epidermal 

membrane stained positive for CD68. These cells had a distribution and morphology 

consistent with melanocytes, which complicated analysis. For this reason, I selected 

CD14 as a more specific macrophage/monocyte marker. Refer to Chapter 2, Section 

2.5.4 for staining methods used. Images in this thesis represent compilations of 20-

40 focal planes, so individual nerve fibres can be followed through the tissue. 
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7.3 Results and discussion 
Biopsy specimens were stained and visualized as described above. The images are 

described in adjacent figure legends. I first present the outcome of staining with IHC 

(Figure 7.1a) followed by “no-antibody” negative controls (Figure 7.1. b-d). I then 

show CD14 staining of (in sequence) healthy controls (Figure 7.2 a-b), HIV+ patients 

without neuropathy (Figure 7.2 c), non-painful SN (Figure 7.3 a-d), and painful SN 

(Figure 7.4 a-c) from South Africa, established SN from Australia (Figure 7.5 a-c)and 

a post-mortem sample (Figure 7.6 a-b). I then address staining to visualise TNF-α in 

biopsy tissues (Figure 7.7 a-d). Finally I show monochromatic images which allowed 

a more accurate count of damaged nerves (Figure 7.8 a-d).  
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7.3.1 A loss of epidermal nerves is a characteristic of SN 

Fine nerve fibres were difficult to visualise in the triple-stained sections, the DAPI 

stained nuclei of cells in the epidermis would often obscure epidermal nerve fibres. 

However when viewing the red channel (later converting to black and white), large 

numbers of fibres became visible (See Figure 7.8 a-d, Table 7.1). Epidermal nerve 

fibre counts were estimated by field of view. Fragments of nerve fibres seen 

entering the plane of the section are counted as individual fibres, provided no 

connection can be visualized between them within the epidermis. When nerve 

fibres connect above the epidermis, they are counted as a single fibre. 

 

Table 7.1:  Approximate epidermal nerve fibre counts in the Distal and Proximal 

leg of HIV+ patients and controls. 

  

Distal Leg Nerve Fibres 
/field of view  
(mean ±SE) 

Proximal Leg Nerve Fibres 
/field of view  
(mean ±SE) 

Healthy Controls 8.3 ±0.6 3.3 ±1.1 

Melbourne NRTI-SN 0.5 ±0.38 1.4 ±0.37 

South African Painful SN 3.1 ±1.1 4.6 ±1.6 

South African No Pain SN 1.8 ±0.58 6.9 ±0.84 

 

Intra-epidermal nerve fibre counts were similar in patients with and without pain at 

the biopsy site in the ankle (p=0.56; 3.1 ±3.1 vs 1.8 ±1.6 [Mean±SD/field view]). 

There were marginally less nerves in the thigh of patients with painful SN (p=0.07; 

4.6 ±5.6 vs 6.9 ±2.6). When Melbourne patients with established neuropathy were 

compared to the South African patients with early stage neuropathy, there were 

less epidermal nerve fibres in the distal (p=0.02; 0.5 ±1.0 vs 2.4 ±2.4) and proximal 

leg (p=0.01; 1.4 ±0.37 vs 5.4 ±4.4). HIV+ patients pooled across all groups also 

displayed significantly less epidermal nerve fibres in the ankle than healthy controls 

(p=0.008; 1.8 ±2.2 vs 8.3 ±5.8). 
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7.3.2 Nerve morphology in different stages of SN. 

Intra-epidermal nerve fibre density was reduced in the ankles of patients with SN 

when compared with  

a) the thigh of the same patient  

b) HIV+ patients without SN and - 

c) healthy donors.  

Epidermal nerve fibres of HIV+ patients were fractured (“beaded”) in appearance. 

While the papillary dermis in these samples may house numerous nerves, not all 

penetrated the epidermal layer. This indicates current or historical nerve damage.  

HIV-SN patients also displayed focal thinning of the epidermis and focal nerve loss 

in both distal and proximal leg. This was most severe in patients with painful and 

established SN. It was observed at varying severity in all HIV+ patients regardless of 

SN status, but not in healthy controls. In the post mortem sample, it was notable 

that dermal nerve fibres of the proximal leg also displayed beading; indicating nerve 

damage had progressed upwards. This is consistent with observations that SN has a 

pattern of Wallerian degeneration (Pardo et al., 2001).  

 

7.3.3 CD14+ cells are associated with nerves in tissues with active 
neuropathy 

Macrophage accumulation was observed in early stage neuropathy patients. In 

both painful and painless cases, macrophages were visible around blood vessels, 

distributed within tissue and wrapped around nerve fibres. This distribution is 

consistent with extravasation and migration towards the nerves, a pattern 

observed in other chronic inflammatory neuropathies (Griffin et al., 1990). 

Clustering of macrophage around nerve fibers was illustrated here in the proximal 

leg of a South African patient with recent painless neuropathy (Figure 7.2 c-d). In 

this patient, the dermal nerves of the distal leg were already damaged, and few 

CD14+ macrophages were evident at that site. This suggests an ascending pattern of 

nerve damage.  The correlation between number of macrophages and residual 

epidermal nerve fibres was also evident in the proximal leg of late-stage Melbourne 

SN patients (Figure 7.4 c). Macrophages were present in proximal and distal leg of 
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the post-mortem sample in a more diffuse pattern, although some macrophages 

were seen to wrap around damaged dermal nerve fibres (Figure 7.5 a-b). Few 

macrophages were present in the healthy control samples (Figure 7.2 a-b). Our 

observation that blood-derived macrophages are associated with epidermal nerve 

fibre damage is similar to reports that localized macrophages drive inflammatory 

damage in DRG and sural nerves (Pardo et al., 2001, Tyor et al., 1995). The scarcity 

of CD14+ macrophages in non-painful neuropathy (compared early stage painful 

neuropathy) suggests macrophages have a central role in the pathogenesis of pain 

and nerve damage. Non-painful neuropathy is associated with a simple absence of 

nerves. Patients generally experience numbness due to focal loss of nerve fibres. It 

would be informative to correlate this phenotype with an inability to discriminate 

between the touch of one or 2 points of forceps. 

 

7.3.4 TNF-α is difficult to capture – perhaps reflecting a brief period of 
activity. 

Although abundant macrophage accumulation was observed in many samples, only 

one of eight biopsies from HIV+ neuropathic patients displayed TNF-+ cells. This 

patient was experiencing painful neuropathy (See Figure 7.7 b). Although staining 

was less notable than obtained with CD14, TNF- in this patient was co-localized 

with dermal nerves and cells with the morphology and distribution of macrophages, 

implicating its involvement in SN nerve degeneration. The paucity of TNF- in the 

biopsies may reflect a brief period of activity. TNF- release by cultured 

macrophages is acutely time-dependant (Tan et al., 2011). Release of TNF- by 

cultured blood and brain tissue macrophages stimulated by HIV-1 Tat protein 

begins at 1hr and peaks at 4hrs (Chen et al 1997). Perhaps at the time of biopsy, 

TNF- had already initiated the mechanisms causing nerve damage and then been 

down-regulated by internal feedback mechanisms (Collart et al., 1990), or by its 

own short half-life (Beutler et al., 1985),  preventing the widespread destruction of 

tissues associated with accumulated TNF- (Strieter et al., 1993). Periods of TNF- 

release may also reflect exacerbations of HIV disease or opportunistic infections. 

This would be consistent with the abundance of macrophages in the tissues of the 
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patient who had died. Moreover there may be a selective bias operating on a more 

prosaic level; a patient who attends clinic and is amenable to a distal and proximal 

leg biopsy may be less likely to be feeling systemic illness or active severe 

neuropathic pain (both potentially associated high levels of TNF-). This would 

make it more difficult to assess the localized role of TNF- in SN.  

 

7.3.5 Limitations to this study 

There were several restrictions to this study. Patient cohorts were small. Due to 

time constraints, I was unable to stain triplicates for each sample, increasing the 

chance of sampling error. There is the possibility of selective bias in who donates 

samples. However the results warrant confirmation in a larger cohort with a larger 

range of inflammatory markers to tease out the effects of systemic and localized 

inflammation. 
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Chapter 8 - Conclusions and Future Studies  
 

Up to 30 percent of HIV+ patients on treatment develop SN, making it the most 

common neurological complication in the post-HAART era. A subset of SN is caused 

by exposure to neurotoxic NRTIs, these cases are clinically indistinguishable from 

SN caused by the HIV infection itself.  The underlying mechanisms driving the 

development of HIV-SN remain unclear. This is especially true for NRTI-SN as not all 

patients exposed to NRTIs develop the condition. Thus two major themes are 

highlighted in this thesis a) to investigate potential host risk factors for developing 

SN after exposure to NRTIs and b) to gain an understanding of the pathogenesis of 

SN. To achieve this, I undertook a three-tiered strategy: 1) Investigate genetic host 

factors contributing to risk of SN development in HIV+ patients. 2) Investigate ART-

induced systemic changes in markers of inflammation in the circulating blood 

plasma in patients with SN and other ART-induced inflammatory complications and 

3) Elucidate the localized inflammatory mechanisms involved in SN nerve damage. 

A greater understanding of all three tiers could lead to the development of 

treatment strategies directed at reducing SN risk for patients starting ART, and also 

potentially enable better treatment for patients already living with NRTI-SN. 

 

To determine if host TNF block haplotypes acts as a predictor of SN risk, 51 

Caucasian, 64 Malay, and 72 Chinese were genotyped for SNP within the TNFA and 

adjacent genes (Chapter 3). Through the selection and genotyping of 6 SNPs 

marking haplotypes carrying the TNFA-1031 minor allele, I reconstructed truncated 

mini haplotypes (the FVa series) using PHASE. With this data I was able to show that 

the FV6,7,8 haplotype group associate independently with an eight-fold increased 

risk of developing SN in Chinese HIV+ patients exposed to stavudine, and a five-fold 

increased risk in stavudine-exposed Malay HIV+ patients. Caucasian patients 

displayed similar trends but their carriage of the critical haplotype was lower than 

in the Asian cohorts.  

At the outset of this study we were aware of anecdotal reports of severe SN 

impacting upon the lives of many African patients. A collaboration with University 
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of Witwatersrand allowed formalisation of this impression, showing that the 

prevalence of symptomatic SN was 57% in a cohort of 395 stavudine-treated HIV+ 

Africans. Amongst the patients with SN, pain was the primary symptom reported, 

followed by numbness (Wadley et al., 2011).  From this and the demographic data 

from our Asian and Australian cohorts, my supervisor A/Prof Catherine Cherry 

established that Africans are more susceptible to HIV-SN than Caucasians and 

Asians (Cherry et al., 2011). Further studies of the South African cohort showed that 

haplotypes in the GTP cyclohydrolase 1 gene may modify pain perception but these 

associations were lost after correcting for clinical factors. It may be important that 

linkage disequilibrium across the GTP cyclohydrolase 1 gene differed between the 

South Africans and Caucasians (Wadley et al., 2012).  

 

This highlighted the need to reconstruct and characterize the TNF haplotypes in the 

South Africans, prior to performing disease association studies. 339 South African 

HIV+ patients were genotyped for 31 SNPs within the TNFA and surrounding regions 

and from this I reconstructed the FV haplotypes series (Chapter 4). South Africans 

displayed similar FV haplotypes to other ethnicities, with only two new variants 

identified. The FV31 haplotype exhibited a protective effect against development of 

SN in the South African cohort whilst the FV haplotype group comprised of FV16-21 

was associated with an increased risk in neuropathy. FV6,7 was associated with 

increased SN risk in the Chinese cohort, refining the previous association with 

FVa6,7,8. The FV6,7,8 haplotypes were not associated with SN in South Africans – 

probably because FV 6,7 does not occur in South Africans.   

 

These data show a) TNFA genetics exert various effects on the modification of SN 

risk in stavudine-exposed HIV+ patients and b) the distribution of the TNF 

haplotypes responsible for these modifications is ethnicity specific. As the influence 

of other surrounding genes [including HLA, HFE and Heat Shock Protein gene (HSP)] 

cannot be ruled out, studies planned in South Africa will include genome wide scans 

with a focus on the TNFA and MHC regions. Ongoing studies include the genotyping 

of 31 HapMap haplotype tag SNPs within the TNF block selected from the Yoruba 

(West African) population, to align the FV TNF haplotypes identified in the South 
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African population with those identified by HapMap. The associations observed 

between FV6,7 and SN risk in South East Asians will also be confirmed in a larger 

cohort from Jakarta (n=~1100 patients starting ART from 2011 at the Pokdisus AIDS 

Clinic Cipto Mangunkusumo Hospital).  As tenofovir has largely replaced stavudine 

in clinical care in South Africa and Indonesia, future investigations will focus on the 

effect of TNF block haplotypes in the context of non-NRTI associated sensory 

neuropathy and will identify if the findings presented in this thesis are 

representative of HIV-associated neuropathy as a whole. 

 

I also investigated whether TNF haplotypes could act as a predictor of risk in other 

HIV-related neurological complications (Chapter 5). A marginal association was 

observed between the truncated FVa haplotype group FV1,3,4,24 and 

neurocognitive impairment in a cohort of 103 HIV+ individuals. Stronger 

associations were observed between SNPs in the APOE and IL1A genes. This implies 

the neuropathology of HAND either involves ‘non TNFA-1031*2’ centric haplotypes 

or that TNFA is not involved in HAND. Certainly the roles of TNF-α in HAND and SN 

are different. Given the stronger and more specific association seen between APOE 

genetic status and HAND, future studies warrant a focus on the protective of the 

APOE ɛ3 haplotype in a larger cohort. 

 

I showed the effect of ART on circulating plasma chemokines and also that levels of 

plasma chemokines CCL5 associated with HIV-SN in a cohort of patients initiating 

ART in Malaysia with advanced immunodeficiency. These data suggest that CCL5 

may play a role in the inflammatory pathways of SN. Although statistical power is 

limited due to low cohort numbers, the data warrant studies of larger cohorts 

including assessments of immune activation and SN status prior to ART, to assist in 

distinguishing DSP from cases of SN developing on ART. Recent murine studies 

show that CCL5 -/- deficient mice experienced decreased macrophage infiltration 

and attenuated hypersensitivity following partial sciatic nerve ligation (Liou et al., 

2012).  When compiled with my data, this opens another avenue for future studies, 

with a focus on the relationship between circulating plasma chemokines including 

CCL5, its effect on macrophage infiltration and pain perception in SN patients. As 
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the receptors of these ligands, CCR2, CCR5 and CXCR4 have all been implicated in 

the perception of neurological pain (Abbadie et al., 2003, Bhangoo et al., 2007a). 

Upregulation of CXCR4 is observed in murine models of NRTI-SN (Bhangoo et al., 

2007b). Future work in the South African cohort will focus on the characterization 

of chemokine receptor expression in the PMBCs of patients with SN. Data 

generated from these studies would have important implications for the treatment 

of pain in patients with chronic HIV-SN. 

 

The die-back pattern of nerve degeneration seen in patients with sensory 

neuropathy may be due to the accumulation of macrophages (and hence 

inflammatory mediators) in the surrounding tissue. In Chapter 7, using three-colour 

confocal microscopy, I showed that macrophages and TNF-α are associated with 

active nerve damage, and disperse after epidermal nerve fibres are destroyed. This 

is demonstrated biopsies from South African HIV+ patients with early stage SN 

which displayed dense infiltrates of CD14+ macrophages and considerable nerve 

damage around the ankle and thigh, and limited TNF-+ cells were observed in the 

proximal leg of patients with painful SN. Australian Caucasian patients with 

established NRTI-SN showed extensive nerve damage with few or no surrounding 

macrophages in the distal leg, but macrophages and damaged nerves were 

observed in the proximal leg, while the post-mortem sample displayed diffuse 

macrophage infiltration and extensively damaged epidermal nerve fibres, with the 

macrophages distributed throughout the dermal tissue. This supports previous 

studies which observed macrophage accumulation in damaged sural nerve and 

dorsal root ganglia in patients with SN (Pardo et al., 2001, Tyor et al., 1995). We 

hypothesize that that activated CD14+ macrophages migrate out of local blood 

vessels in response to nerve damage mediated by HIV-1 gp120. This supports a 

recent study which observed that increased CD14+ levels in the CSF acts as a 

predictor of HIV-SN risk (Ellis et al., 2012). However these findings need to be 

confirmed in larger, longitudinal studies, which include more samples collected 

during the active phase of the disease.  Future studies should also focus on the 

assessment of other inflammatory signalling chemokines including CCL2, CCL4 ,CCL5 

and CXCL12, as these have been shown to influence nerve damage and pain 
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perception in murine models (Saika et al., 2012, Bhangoo et al., 2009, Guo et al., 

2012, Liou et al., 2012).  

 

Together these data present a comprehensive model for the inflammatory 

pathogenesis of SN in NRTI-exposed HIV+ patients. This is detailed below. 

 

On a genomic level, TNFA immunogenetic ethnicity-specific profiles modify SN risk, 

possibly by eliciting a setting of high generalized inflammation.  

 

This may be transitory but triggers elevated levels of circulating plasma CCL5 (and 

probably other factors) which promote extravasation of monocytes and their 

activation and maturation into tissue infiltrating macrophages.  

 

These macrophages then migrate to the epidermal nerve fibres in response to 

gp120-mediated nerve damage where they produce TNF-α which initiates a cell 

death inflammatory cascade. Thus they drive the neurodegenerative process at a 

local level. This may also be genetically regulated. 

 

The data presented in this thesis may allow for the future development of patient-

specific therapies to decrease risk of NRTI-development, or allow early diagnosis so 

treatment may be applied before nerves are lost. Although findings need to be 

confirmed in larger cohorts, this thesis has opened new avenues for investigation to 

elucidate the inflammatory pathogenesis of NRTI-SN. 
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Table B.1 Association of TNF block haplotype SNP with SN in Caucasian,                                                      
 Chinese and Malay HIV+ patients 

 HIV+ Caucasian SN+ vs SN- HIV+ Chinese SN+ vs SN- HIV+ Malay SN+ vs SN- 
rs 

number P-value OR 95%CI P-value OR 95%CI P-value OR 95%CI 

rs3130055 0.28 0.46 0.136-1.54 0.50 0.51 0.129-2.05 0.50 0.56 0.151-2.07 

rs9281523 1.00 0.97 0.21-1.11 0.66 0.35 0.0387-3.16 0.38 5.11 0.198-132 

rs1055388 1.00 0.84 0.263-2.70 0.49 0.49 0.121-1.95 0.50 0.56 0.151-2.07 

rs2516393 0.75 0.73 0.213-2.52 0.07 0.14 0.0159-1.19 0.24 2.23 0.669-7.41 

rs3130059 1.00 0.94 0.295-3.00 0.70 1.63 0.340-9.89 0.26 0.48 0.153-1.51 

rs2523506 0.37 1.92 0.516-7.15 0.01 7.20 1.59-32.7 0.55 1.63 0.499-5.33 

rs2239528 0.77 0.79 0.244-2.54 0.47 0.48 0.0899-2.58 1.00 0.87 0.271-2.78 

rs2523504 1.00 0.84 0.263-2.68 0.16 0.28 0.0522-1.44 0.46 2.16 0.390-12.0 

rs2844509 1.00 0.84 0.243-2.91 1.00 1.16 0.249-5.37 0.74 1.33 0.345-5.15 

rs2251824 1.00 1.05 0.309-3.56 0.04 5.13 1.16-22.7 0.11 3.14 0.891-11.0 

rs2071594 1.00 0.94 0.295-3.00 0.70 1.83 0.340-9.89 0.39 0.52 0.165-1.62 

rs2071593 0.46 2.31 0.432-12.3 0.65 1.47 0.243-8.86 0.37 0.53 0.152-1.83 

rs2071592 0.77 1.35 0.418-4.35 1.00 1.09 0.242-4.87 0.77 0.80 0.250-2.61 

rs2071591 1.00 0.84 0.263-2.68 0.71 1.61 0.295-8.75 0.15 0.40 0.124-1.29 

rs7738380 - - - 1.00 0.64 0.0284-14.2 1.00 0.48 0.0186-12.4 

rs6916921 1.00 0.90 1.94-4.15 1.00 0.81 0.144-4.50 1.00 0.72 0.119-4.37 

rs2857605 0.23 0.47 1.40-1.56 0.72 0.58 0.131-2.52 0.75 0.75 0.214-2.65 

rs2230365 0.54 0.66 0.197-2.18 0.73 1.43 0.36-5.55 0.55 0.59 0.180-1.96 

rs3130062 0.59 0.45 0.0576-3.54 - - - 1.00 0.50 0.0192-12.8 

rs4947324 0.73 1.68 0.390-7.25 - - - 1.00 1.58 0.0930-26.8 

rs2516312 - - - 0.56 0.33 0.0166-6.68 1.00 1.04 0.157-6.83 

rs2071590 0.76 0.78 0.233-2.61 0.08 0.20 0.0380-1.05 1.00 1.12 0.347-3.59 

rs1799964 1.00 1.06 0.372-3.89 0.03 5.78 1.30-25.7 0.36 1.92 0.575-6.39 

rs4248158 - - - 0.01 31.70 1.49-673 0.27 2.41 0.557-10.4 

rs1800750 
0.09 0.08 

0.00369-
1.81 1.00 1.09 0.0414-28.6 0.38 5.11 0.198-132 

rs1800629 1.00 1.13 0.291-4.35 1.00 0.81 0.144-4.5 0.36 5.71 0.219-149 

rs1799769 0.09 0.13 0.01-1.38 - - - 1.00 1.04 0.157-6.83 

rs3093662 1.00 0.78 0.162-3.72 - - - 0.16 8.24 0.374-181 

rs3093665 1.00 1.00 0.0842-11.9 - - - 0.05 12.90 0.629-266 

rs3093668 1.00 1.50 0.144-15.6 - - - 1.00 0.50 0.0192-12.8 

rs1052248 1.00 0.89 0.271-2.92 0.01 8.31 1.53-44.3 0.57 1.60 0.512-5.00 
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Table C.2 Chemokine SNPs are not associated with SN in a Malaysian HIV+ Cohort 

 Chinese HIV SN vs NON SN Malay HIV SN vs NON SN 

 
rs number p OR 95%CI p OR 95%CI 

rs2107538 0.25 0.53 0.21-1.3 0.64 1.33 0.53-3.3 

rs2069705 1.00 1.02 0.40-2.6 0.12 0.44 0.16-1.2 

rs2280788 0.32 0.59 0.22-1.5 1.00 1.09 0.41 to 3.8 

rs4586 0.57 1.38 0.45-4.1 0.43 2.13 0.49 to 9.2 

rs1024610 0.14 3.54 0.75-16.7 0.44 0.63 0.23 to 1.7 

rs1799945 0.77 1.16 0.36-3.7 0.75 1.28 0.37 to 4.3 

rs1143634 0.18 0.18 0.009-3.2 1.00 1.00 0.08 to 11.5 

rs16944 1.00 0.48 0.022-10.41 0.15 0.19 0.02 to 1.5 

rs1800562  0.32 0.03 0.011-3.9 1.00 2.00 0.27 to 2.0 

rs1024611 0.38 1.96 0.51-7.5 0.61 0.74 0.12 to 33.2 

 
 
Table C.3 Chemokine SNPs are not associated with IRD in a Malaysian HIV+ Cohort 

 Chinese HIV IRD vs NON IRD Malay HIV IRD vs NON IRD 

 
rs number p OR 95%CI p OR 95%CI 

rs2107538 0.02 10.54 1.26 to 88.4 0.21 8.65 0.390 to 192 

rs2069705 1.00 0.75 0.0787 to 7.06 1.00 0.94 0.0366 to 24.3 

rs2280788 0.59 2.10 0.336 to 13.1 1.00 0.94 0.0366 to 24.3 

rs4586 0.74 1.41 0.337 to 5.93 0.49 0.40 0.0268 to 5.97 

rs1024610 1.00 0.98 0.259 to 3.75 1.00 0.94 0.0366 to 24.3 

rs1799945 0.40 3.75 0.218 to 64.5 1.00 1.67 0.0556 to 50.0 

rs1143634 1.00 1.15 0.0442 to 29.9 1.00 0.63 0.0262 to 15.3 

rs16944 1.00 0.93 0.213 to 4.02 0.55 2.85 0.125 to 64.9 

rs1800562  0.39 3.83 0.2230 to 65.90 1.00 1.67 0.0556 to 50.0 

rs1024611 0.43 3.67 0.4274 to 31.46 1.00 1.27 0.0963 to 16.8 
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