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Monocytes/macrophages differentiating from bone marrow cells pulsed for 2 hours at 37
o
C 

with a stabilised derivative of prostaglandin E2, 16,16-dimethyl PGE2 (dmPGE2), migrated 

less efficiently towards a chemoattractant than monocytes/macrophages differentiated from 

bone marrow cells pulsed with vehicle. To confirm that the effect on bone marrow cells was 

long-lasting and to replicate human bone marrow transplantation, chimeric mice were 

established with donor bone marrow cells pulsed for 2 hours with dmPGE2 before injection 

into marrow-ablated congenic recipient mice. After 12 weeks and confirmed numerically-

similar engraftment of donor cells as 90% of haematopoietic cells in peripheral organs, 

monocytes/macrophages differentiating in vitro or in vivo from the bone marrow of 

reconstituted recipient mice migrated inefficiently towards the chemokines, CSF-1 and 

CCL2, or thioglycollate, respectively. Results suggest long lasting changes to progenitor cells 

of monocytes/macrophages by a 2 hour dmPGE2 pulse that, in turn, limits the migration of 

their daughter cells to chemoattractants and inflammatory mediators.  
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Abstract 

Monocytes/macrophages differentiating from bone marrow cells pulsed for 2 hours at 37
o
C 

with a stabilised derivative of prostaglandin E2, 16,16-dimethyl PGE2 (dmPGE2), migrated 

less efficiently towards a chemoattractant than monocytes/macrophages differentiated from 

bone marrow cells pulsed with vehicle. To confirm that the effect on bone marrow cells was 

long-lasting and to replicate human bone marrow transplantation, chimeric mice were 

established with donor bone marrow cells pulsed for 2 hours with dmPGE2 before injection 

into marrow-ablated congenic recipient mice. After 12 weeks and confirmed numerically-

similar engraftment of donor cells as 90% of haematopoietic cells in peripheral organs, 

monocytes/macrophages differentiating in vitro or in vivo from the bone marrow of 

reconstituted recipient mice migrated inefficiently towards the chemokines, CSF-1 and 

CCL2, or thioglycollate, respectively. Results suggest long lasting changes to progenitor cells 

of monocytes/macrophages by a 2 hour dmPGE2 pulse that, in turn, limits the migration of 

their daughter cells to chemoattractants and inflammatory mediators.  
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Introduction 

Prostaglandin E2 (PGE2), a derivative of arachidonic acid, can regulate immune 

responsiveness by direct effects on mature immune cells.
1
 Myeloid progenitor cells in the 

bone marrow (BM) are also regulated by a PGE2-rich environment. We have demonstrated 

reduced immunogenic properties of dendritic cells (DCs) differentiated from progenitors in 

the BM of mice implanted 3 days prior with subcutaneous pellets releasing PGE2.
2
 The 

effects were long-lasting as DCs differentiating from the BM of both 16-week engrafted 

PGE2-chimeric mice, and serial 16-week engrafted PGE2-chimeric mice, had similar 

sustained, poor immunogenic properties, suggesting epigenetic modification of 

haematopoietic stem and progenitor cells.
2
 This hypothesis was further supported by 

experimentation with the demethylating agent, 5-aza 2-deoxycytidine in UV-chimeric mice;
3 

this laboratory has published from experiments with indomethacin that UV irradiation of skin 

indirectly modulates DC progenitors in BM via the intermediate PGE2.
4
 

 Pulsing of human cord blood donor cells with a stabilised derivative of PGE2, 

dmPGE2 (16,16-dimethyl-PGE2) prior to infusion is safe.
5,6

 We now report that a similar two 

hour pulse of murine BM cells with dmPGE2 significantly reduced the migration capabilities 

of monocytes/macrophages differentiating from those BM cells, both in vitro and in vivo.  

 

Methods 

Pulsing BM cells with dimethyl prostaglandin E2 (dmPGE2) 

All experiments complied with the ARRIVE guidelines and were performed with the 

approval of the Telethon Kids Institute Animal Ethics Committee. As previously published 

for umbilical cord cell preparations,
6
 freshly isolated BM cell suspensions (10

7
 cell/ml)

2-4
 

were pulsed for 2 h at 37°C with 10 µM 16-16-dmPGE2 (Sigma-Aldrich, St Louis, MO). 

dmPGE2 was obtained dissolved in methyl acetate, which was evaporated off at 4°C in argon, 
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an inert gas, as per the manufacturer’s instructions; the remaining precipitate was then 

dissolved in RPMI-1640 supplemented with 10% FCS (HyClone, GE Health Care Life 

Sciences, Logan, UT). As a control, cells were incubated with an equivalent volume of 

RPMI-1640 with 10% FCS for 2 h at 37°C. 

 

Generating dmPGE2-chimeric mice 

BM cells were isolated from naïve congenic B6.SJL-Ptprca mice (CD45.1 alloantigen) and 

then incubated at 37
o
C for 2 h with 10 µM 16-16-dmPGE2, or control medium, as described 

above. Eight-week old C57BL/6J mice (recipients, CD45.2 alloantigen) were -irradiated (2 x 

550 rad) using a 
137

Cs source (Gammacell 3000 Elan, MDS Nordion, Ottawa, Canada) prior 

to injection of 2x10
6
 BM cells that had been pulsed with dmPGE2 (dmPGE2-chimeric mice) 

or control medium (control-chimeric mice).  

 

Culture of BM cells for differentiation of macrophages and chemotaxis towards CSF-1 

and CCL2 

Macrophages were differentiated from BM cells (after a dmPGE2-pulse or after isolation 

from chimeric mice) as previously described.
7-9

 Briefly, BM cells were cultured in RPMI-10 

and 0.6 ng/ml (50 IU/ml) CSF-1 (gift from Dr. E. R. Stanley) for 24 h. Non-adherent cells 

were then collected and cultured with 12 ng/ml CSF-1 for 3 days (replated on day 2), 

followed by 5 days with 120 ng/ml CSF-1 before use. Adherent cells were uplifted using PBS 

containing 2 mM EDTA. BM-differentiated macrophages (2.5x10
5
) were seeded, in replicate, 

into transwell inserts with 8 µm pores (BD Biosciences) in 200 l RPMI-10 (CSF-1-free or 

CCL-2-free) and inserts were placed into a 24-well companion plate with complete medium 

containing 120 ng/ml CSF-1 or 20 ng/ml CCL2, respectively. While CSF-1 is necessary for 

macrophage growth and differentiation, it is also a potent chemokine that stimulates 
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macrophage migration.
8,9

 CCL2 is a macrophage chemoattractant with a recognised ability to 

recruit monocytes to sites of inflammation.
10

 The macrophages migrated for 5 h (37
o
C, 5% 

CO2) before fixation of inserts in 4% paraformaldehyde, staining for 5 min with NucBlue 

fixed cell stain (Life Technologies, Australia), and imaging by confocal microscopy.  The 

number of migrated cells was counted for ten representative fields per insert at 20x 

magnification.  

 

Assay of macrophage migration into the peritoneal cavity 

The migration capabilities of monocytes/macrophages into the peritoneal cavity of dmPGE2- 

and control-chimeric mice were examined by intraperitoneal injection of 1 ml thioglycollate 

(3.8% Medium Brewer Modified, Becton Dickinson). After 3 days, the peritoneal cavity was 

washed out with saline. The harvested cells were counted and objectively identified.
11

 

 

Statistical analyses 

There were always at least 3 independent mice or cell populations per group, with differences 

judged significantly different (p<0.05) using an unpaired t-test. 

 

Results and Discussion 

Pulsing of freshly-isolated BM cells for 2 h with dmPGE2 did not alter the rate of growth, 

proliferation and differentiation of macrophages after 9 days in culture with CSF-1 (Figure 

1A). By our protocol of removing adherent (differentiated) cells after the first 24 h in culture, 

differentiation of macrophages from progenitor cells was guaranteed.
7,8

 All cells at the end of 

culture were phenotypically similar (>98% CD11b
+
F4/80

+
). However, those macrophages 

differentiated from dmPGE2-pulsed BM cells migrated less efficiently towards CSF-1 than 

those differentiated from BM cells pulsed with control medium (Figure 1B). Reduced 
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expression of the CSF-1 receptor (CSF-1R), also known as CD115, was not responsible 

(Figure 1C). Macrophages differentiated from the BM of control- and dmPGE2-chimeric 

mice were then analysed to examine the robustness of the dmPGE2 effect. The initial yield 

and the rate of growth, proliferation and differentiation of macrophages after 9 days in culture 

with CSF-1 were not significantly different between BM cells from control- and dmPGE2-

chimeric mice (Figure 1D). However, reduced migration towards CSF-1 (Figure 1E) and 

CCL2 (Figure 1G) by macrophages differentiated from the BM of dmPGE2-chimeric mice 

was consistently measured. These differences were not due to reduced expression of the 

chemokine receptors, CSF-1R and CCR2 (Figures 1F, 1H).  

To exclude any artefact due to macrophage differentiation in vitro, accumulation of 

monocyte-derived macrophages following thioglycollate injection into the peritoneal cavity 

of control- and dmPGE2-chimeric mice was examined. For reasons that remain unclear, 

responses in 4-week chimeric mice were poor with few macrophages accumulating in the 

peritoneal cavity. After 7 and 12 weeks of engraftment, the number of cells accumulating in 

the peritoneal cavity of dmPGE2-chimeric mice was significantly reduced compared with 

control-chimeric mice (Figure 2A). There were significantly fewer total macrophages 

(F4/80
+
CD11b

+
), elicited macrophages (F4/80

lo/int
CD11b

+
), dendritic cells (F4/80

-
CD11c

+
), 

neutrophils (F4/80
-
CD11b

lo
Gr1

+
) and eosinophils (F4/80

lo
CD11b

lo
) (Figures 2B-2D). 

Expression of the CSF-1R (CD115), CCR2 (CD193), CCR7 (CD197) and MHC II was not 

different for the elicited macrophages harvested from the peritoneal cavity of the two 

chimeric mouse types (data not shown). 

The actions of PGE2 are both microenvironment- and concentration- dependent.
12

 

PGE2 is pro-inflammatory at early stages of inflammation.
1
 It can also play an anti-

inflammatory role,
13,14

 and down-regulate systemic inflammation
15

 and protect in vascular 

function.
16

 This study suggests a direct and long-lasting effect of dmPGE2 on 
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monocyte/macrophage progenitor cells in the BM. Our study suggests that a two hour 

incubation with dmPGE2 is sufficient to modify BM stem and progenitor cells, resulting in 

reduced migration capabilities of their monocyte/macrophage progeny.  

In patients with leukaemia or lymphoma, dmPGE2-pulsed non-fractionated umbilical 

cord cells demonstrated increased expression of CXCR4,
5, 17 

survivin and cyclin D, and 

reduced expression of caspase 3 in hematopoietic stem cells.
5,6

 In fact, multilineage 

hematopoiesis has been sustained in patients for 27 months after transplantation with 

dmPGE2-pulsed umbilical cord cells.
18

 In our murine study, dmPGE2-induced increases in the 

proliferation and differentiation of BM-macrophages were not observed in vitro (Figures 1A, 

1D), and there were no increases in the rate of donor cell engraftment in the BM, spleen and 

lymph nodes of the dmPGE2-chimeric mice (Table 1). This was likely because the number of 

stem and progenitor cells transferred into the gamma-irradiated mice was not rate limiting.
19, 

20 
The outcomes of our study should be further examined to assist patients undergoing 

hematopoietic stem cell transplantation, particularly as the dmPGE2 pulse is very easy to 

administer. The safety of such pulsing has been confirmed.
6
 This study highlights the 

potential of a short and simple pulse of donor BM cells with dmPGE2 to limit the 

development of macrophage-driven pathologies. Following the outcomes of the present 

study, a dmPGE2 pulse of donor cells should be tested in future experimentation with models 

of chronic graft-versus-host disease, a condition mediated, at least in part, by CSF-1-

dependent donor-derived macrophages.
21
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Figure Legends 

Figure 1. Similar yields from BM cells in culture but reduced migration towards 

chemoattractants by macrophages differentiated for 9 days from dmPGE2-pulsed BM 

cells, or BM of dmPGE2-chimeric mice. A. Cell yields from the BM of naïve mice, and 

after their culture for 2, 4 and 9 days (control medium-pulsed cells, solid bars; dmPGE2-

pulsed cells, open bars). n/a, not applicable. B. Migration response to CSF-1 (120 ng/ml) by 

macrophages differentiated from BM cells from 3 mice pulsed at day 0 for 2 h with dmPGE2 

or control medium. C. Expression of CSF-1R (CD115) by macrophages differentiated from 

BM cells pulsed with dmPGE2 (broken line) or control medium (solid line). D. Cell yields 

from the BM of control- and dmPGE2-chimeric mice and after their culture for 2, 4 and 9 

days (control chimeric mice, solid bars; dmPGE2-chimeric mice, open bars). In A and D 

(mean + SEM for 3 mice/group with cells from each mouse cultured separately), freshly 

isolated BM cells were seeded at 10
7
 cells/dish. After 2 days in culture, recovered cells were 

seeded at 2x10
6
/dish and after 4 days in culture, 10

6
/dish, ns = not significant. After culture 

for 2, 4 and 9 days, macrophages were lifted with PBS containing 2 mM EDTA. E. Migration 

response to CSF-1 (120 ng/ml) by macrophages differentiated from the BM of control- and 

dmPGE2-chimeric mice, harvested 4 and 12 weeks after establishment of the chimeric mice. 

F. Expression of CSF-1R (CD115) by macrophages differentiated from the BM of 12-week-

engrafted dmPGE2- (broken line) and control-chimeric mice (solid line). G. Migration 

response to CCL2 (20 ng/ml) by macrophages differentiated from the BM of control- and 

dmPGE2-chimeric mice, harvested 12 weeks after establishment of the chimeric mice. H. As 

for F, but expression of CCR2 (CD192) by the same cell types. In B, E and G, the migration 

by macrophages differentiated from dmPGE2-pulsed BM cells (B) or BM cells from 

dmPGE2-chimeric mice (E, G) has been expressed as a proportion of the migration by 

macrophages differentiated from control medium-pulsed BM cells, or BM cells from control-
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chimeric mice) (n=3 macrophage preparations/group from 3 independent mice/group). Each 

point represents the mean migration (+ SEM) by macrophages differentiated from the BM of 

a single mouse (2 filter inserts/mouse, 10 images/insert). An asterisk indicates a significant 

difference in migration (p<0.05) between macrophages differentiated from BM cells pulsed 

with dmPGE2 or control medium (B), or between macrophages differentiated from the BM of 

control- and dmPGE2-chimeric mice (E and G). In C, F and H, the binding of a non-specific 

antibody (negative control) is also shown. 

 

Figure 2. Reduced accumulation of macrophages in the peritoneal cavity of dmPGE2-

chimeric mice after injection of thioglycollate. Control- and dmPGE2-chimeric mice were 

injected intraperitoneally with thioglycollate 4, 7 and 12 weeks after the chimeric mice were 

established. Cells were harvested from the peritoneal cavity after 3 days. A. Total cells 

harvested from the peritoneal cavity of control- (solid line) and dmPGE2-chimeric mice 

(broken line). The dotted horizontal shows the number of cells harvested from chimeric mice 

injected with an equal volume of saline. Mean + SEM (6 mice/group). B. Gating strategy
13

 

for identification of cell types (C, D) harvested from the peritoneal cavity 3 days after 

thioglycollate injection of 12-week engrafted chimeric mice. C. Number of total, resident and 

elicited peritoneal macrophages. D. Number of dendritic cells (DCs), neutrophils (Neuts) and 

eosinophils. For C and D, mean + SEM (6 mice/group for control-chimeric mice; 4 

mice/group for dmPGE2-chimeric mice). An asterisk indicates a significant difference 

(p<0.05) between cells harvested from control- and dmPGE2-chimeric mice.; ns, not 

significant. 
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Response to the Associate Editor: 
Reference to chronic graft versus host disease has been removed from the title and the abstract, also the 
Introduction. It remains included at the end of the discussion as an aspect of future experimentation for 
relevance of these studies. As suggested by reviewer 2, it remains as ‘conditional speculation’. 
We have addressed the questions about the controls and statistical analyses (new section in methods). We 
apologise as we submitted the document as a brief report and had omitted some information the reviewers 
felt important. Table 1 has been added and the cell yields of Figures 1A and 1D are new to the manuscript.  
As rebutted below and stated in the methods on page 6, the methodology for differentiating macrophages 
from bone marrow involves an initial step to remove adherent cells. These adherent cells would include 
already differentiated macrophages. We argue that we have been studying daughter monocytes/macrophages 
or progeny of bone marrow progenitor cells and have thus, kept these phrases in the title (daughter 
monocytes/macrophages) and Highlights section (their monocyte/macrophage progeny). 

 
Response to Reviewer’s comments: 
 

Reviewer #1:  
The authors show in this manuscript that macrophages derived from bone marrow cells pulsed for two hours 
with 16-16-dmPGE2 migrate less efficiency in response to different chemoattractants in-vitro and in-vivo. 
Authors claimed that these PGE2-treated BM cells are able to reconstitute BM in lethally-irradiated mice, 
although data supporting this claim is not presented. Furthermore, authors speculate that this defect may be 
mediated by epigenetic changes in PGE2-pulsed BM cells but they failed to provide any evidence in this regard. 
The citation to a previous work with 5-aza 2-deoxycytidine is not relevant as the model tested in that 
publication is different (epigenetic effects of UVR in BM cells). Overall, the main observation is interesting, but 
the manuscript is highly speculative and falls short in explaining how BM cells pulse with PGE2 affects myeloid 
cell development and differentiation and how it controls myeloid cell migration. 
 
Major concerns: 
 
1. The authors need to provide data to show that treatment of BM cells with 16-16-dmPGE2 for two hours 
alters the epigenome of cells that are relevant to the study. Epigenetic imprinting in 16-16-dmPGE2-treated 
BM cells should be tested and linked to myeloid cell development in BM and cell migration. 
 
Reply:  
Direct investigation of the epigenome of progeny macrophages from dmPGE2-pulsed bone marrow cells is 
beyond the scope of the current brief report. Epigenome analysis of these cells is a significant project and such 
studies would not alter the outcomes reported here. However, we still propose that epigenetic changes due to 
dmPGE2 pulsing can be inferred due to the long-term nature of the changes (>12 weeks). Moreover, the long 
timeline of the chimeric mouse experiments indicates that the monocytes/macrophages tested in the 
migration studies were not the same cells as those pulsed with dmPGE2. In the chimeric mice, monocyte 
recruitment in response to thioglycollate was evaluated 12 weeks after transplantation. Unlike some 
populations of resident tissue macrophages, monocytes are not known to persist that long, which indicates 
that the recruited monocytes were derived from stem or progenitor cells in the dmPGE2-treated bone 
marrow.  Similarly, in the in vitro assay, bone marrow cells were isolated 12 weeks after the donor cells were 
exposed to dmPGE2, and differentiated macrophages that may have persisted for that length of time would be 
unlikely to be found in significant numbers in subsequent macrophage cultures. However, to eliminate this 
possibility, only non-adherent bone marrow cells were cultured for 9 days for macrophage differentiation from 
mononuclear phagocytic progenitor cells. Adherent and therefore more differentiated bone marrow-resident 
macrophages were removed after the first 24 hours of culture.  
 
 
We believe that there are two further independent and parallel findings supporting epigenetic changes to 
macrophage progenitor cells after dmPGE2 pulsing. Firstly, the demethylating agent, 5-aza 2-deoxycytidine, 
removed the effect of UV on myeloid progenitor cells. We have previously shown that the effects of UVR on 
bone marrow cells are blocked by indomethacin and replicated by slow-releasing subcutaneous PGE2 pellets 
(ref 4). Thus, PGE2 is the mediator by which UVR exposure alters bone marrow progenitor cells. Secondly, in 

*Response to Reviewers
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studies of the downstream effects of subcutaneous PGE2-releasing pellets, monocyte-derived dendritic cells 
differentiated from the bone marrow of 16-week engrafted PGE2-chimeric mice, as well as 16-week engrafted 
serial PGE2-chimeric mice, had reduced priming abilities (ref 2). This inferred an effect of PGE2 on bone 
marrow cells lasting 32 weeks, which is beyond the life span of mature dendritic cells.  
 
2. Authors indicate in the manuscript that the rate of donor cell engraftment in the BM, spleen and lymph 
nodes of 16-16-dmPGE2-chimeric mice was normal. And they indicate that this is because the number of stem 
and progenitor cells is not rate limiting. Authors should show this data as it is highly relevant to explain 
whether 16-16-dmPGE2 BM cell pulse affects (or not) myeloid cell development and differentiation; and 
whether 16-16-dmPGE2 BM cell pulse affects (or not) myeloid cell repopulation in the periphery which is 
directly linked with cell ability to emigrate from BM and migrate to secondary lymph organs like spleen and 
lymph nodes. Both percentage and numbers of cells should be shown. 
 
Reply:  
We apologise but these data were omitted due to the restriction of limited figures and tables when writing a 
brief report. The rate of macrophage proliferation and differentiation in vitro from control and dmPGE2-pulsed 
bone marrow cells is now shown in new Figures 1A and 1D. Table 1 has been added to demonstrate the similar 
engraftment of CD45.1-positive donor cells into the bone marrow, spleen and lymph nodes of control- and 
dmPGE2-chimeric mice.  
 
3. The in-vivo analysis of cell migration in response to thioglycolate shows that treatment of BM cells with 16-
16-dmPGE2 not only alters macrophage migration to the peritoneal cavity but also the migration capacity of all 
myeloid cells analyzed. Are lymphoid cells also affected? Does this general defect in immune cell recruitment 
protect from chronic graft-versus-host disease to the great cost of impairing immune responses? 
 
Reply:  
Lymphocytes were not specifically analysed but a mathematical calculation of the number of cells harvested 
suggest that there would be very few in the peritoneal cavity. The majority of the cells harvested were elicited 
macrophages, and the remaining 25% cells were eosinophils. With respect to the question of greater infection 
in the dmPGE2-chimeric mice, this was not directly tested in our murine model. However, co-author Zon has 
previously published that in human cancer patients receiving human cord blood cells pulsed with dmPGE2, a 
greater infection rate was not detected (refs 5 and 6).  
 
4. 16-16-dmPGE2 is provided as a methyl acetate solution. Because organic solvents may have physiological 
effects even at small concentrations, it is required to know how 16-16-dmPGE2 was resuspended, in which 
solvent and whether an equivalent amount was added to control BM cells.  
 
Reply:  
dmPGE2 was obtained dissolved in methyl acetate, which was evaporated off at 4°C in argon, an inert gas, as 
per the manufacturer’s instructions. The remaining precipitate was then dissolved in RPMI-1640 supplemented 
with 10% FCS; thus the control was also RPMI-1640 + 10% FCS. This has been added to the first paragraph of 
the Methods. 
 
Minor concerns: 
 
1. Please, change the following sentence "and confirmed engraftment of ~90% donor haematopoietic cells in 
peripheral organs" to make clear that donor cells reconstitute ~90% haematopoietic cell populations (in similar 
numbers?). 
 
Reply:  
This sentence in the abstract has been altered. We now state that ‘After 12 weeks and confirmed numerically-
similar engraftment of donor cells as 90% of haematopoietic cells in peripheral organs,’ ..  
 
2. The absence of proliferation and differentiation defects in vitro after treatment with 16-16-dmPGE2 should 
be shown. 
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Reply:  
These data are now shown graphically in Figures 1A and 1D. 
 
3. Provide information about experimental repetition, sample groups and statistical analysis. 
 
Reply:  
We have added a Statistical Analysis section at the end of the Methods. There were always at least 3 
independent mice or cell populations per group. The first experiments involved BM cells from each of 6 naïve 
mice incubated with (n=3), or without (n=3), dmPGE2 for 2 hours. The BM cells from these 6 mice were kept 
separate and then cultured for 9 days with increasing concentrations of CSF-1. On a separate day, BM cells 
were pulsed for 2 h with, or without, dmPGE2 for establishment of a large cohort of chimeric mice. As we were 
uncertain as to the longevity of the effect of dmPGE2 on macrophage progenitors, mice (n=3/group) were 
euthanased after 4 and 12 weeks for bone marrow cell harvest and differentiation of macrophages for 
chemotaxis experimentation (cells from each mouse always kept separate from those of other mice), or 
assessment of the expression of the CSF-1 receptor or CCR2. Chimeric mice were injected with thioglycolate 4, 
7 and 12 weeks after their establishment (n=6/group). After 4 and 12 weeks, 3 mice/group were also 
euthanased and the cells in the bone marrow, spleen and lymph nodes (all mice kept separate) were counted 
and phenotyped. Replicates were therefore always biological replicates and not technical replicates. As the 
comparisons involved cells from 2 groups (with or without a dmPGE2 pulse, or cells from control- and 
dmPGE2-chimeric mice), unpaired student t-tests were used, with p<0.05 considered significant.   
We believe that the data are robust as similar findings were measured in macrophages differentiated from the 
BM of WT mice and 4 and 12-week engrafted chimeric mice (Fig 1) and similar cell numbers and types were 
harvested from the BM after 7 and 12 weeks (Fig 2).  
 

Reviewer #2: This brief article presents in vitro and in vivo data demonstrating that a short pulse of PGE2 

to unfractionated murine BM reduces migration of macrophages. The in vivo experiments use an ablative 
congenic model. The goal of the study appears to be to show an effect on GVHD but no experiments are done 
to look at this question. Several errors/omissions in the figures and legends detract from the paper. 
 
Major issues: 
1. The inclusion of an effect on chronic GVHD other than very conditional speculation in the discussion is 
problematic as the experiments described do not provide any data on either chronic or acute GvHD. GvHD 
should be removed from the title so as not to confuse readers and the rest of the text significantly modified. 
 
Reply:  
Reference to chronic graft versus host disease has been removed from the title and the abstract, also the 
Introduction. It remains included at the end of the discussion as an aspect of future experimentation for 
relevance of these studies. As suggested, it remains as ‘conditional speculation’. 
 
2. The use of "an equivalent volume of RPMI-1640 supplemented with 10% FCS" would not seem to be the 
correct control for the PGE2 as described. Please explain the rationale for the control. 
 
Reply:  
dmPGE2 was obtained dissolved in methyl acetate, which was evaporated off at 4°C in argon, an inert gas, as 
per the manufacturer’s instructions. The remaining precipitate was then dissolved in RPMI-1640 supplemented 
with 10% FCS; thus the control was also RPMI-1640 + 10% FCS. This has been added to the first paragraph of 
the Methods. 
  
3. Figures and Legends need correction/clarification 
- Fig 1A,C,E: states "Each point represents macrophages differentiated from the BM of a single mouse (2 filter 
inserts/mouse (2 filter inserts/mouse, 10 images/insert; mean+ SEM)." No bars for SEM are shown. For each 
panel, please clarify if BM from one mouse was analysed 3 times or does the data represent 3 mice in each 
arm. Are the data from only one experiment? 
 
Reply:  
Cells on the underside of a filter have been measured as an estimation of macrophage migration. The 
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migration by macrophages differentiated from the BM from each of 3 mice/control group were analysed for 
each results panel (biological not technical replicates) and compared with the migration by macrophages 
differentiated from the BM of 3 mice/dmPGE2 treated group. As stated on page 7, for macrophages 
differentiated from the BM of each mouse, migration through two filters (with 10 representative fields 
measured/filter) was enumerated and a mean obtained. The outcomes for the control group (ie results from 6 
filters, were normalised to the value of 1). This was necessary due to inter-assay variability on different days in 
the number of macrophages migrating (2-fold differences were commonplace). In contrast, intra-assay 
readings were tight. The outcomes for macrophages differentiated from the bone marrow of each mouse of 
the dmPGE2 group (WT cells pulsed with dmPGE2 or dmPGE2-chimeric mice) were calculated as a mean + 
SEM. Both values were calculated as a fraction of the measured migration by macrophages from control bone 
marrow.  
 
- What is the statistical test applied for significance in each panel of Fig 1 and 2? 
 
Reply:  
An unpaired t-test was used. This has been added to the end of the Methods section.  
 
 
- Fig 1A, C and E-legend states data "has been expressed as a proportion of the migration by macrophages 
differentiated from control medium-pulsed BM cells, or BM cells from control-chimeric mice". This is not very 
clear. Please clarify for the reader specifically how the number on the y axis representing migration is 
calculated. 
 
Reply:  
Please see reply to the point above. 
 
-what is the negative control in the FACS histograms? This does not appear to be showing whole BM cells as it 
is a very narrow histogram 
 
Reply:  
The negative control in the FACs histograms is unstained BM cells. All antibodies have previously been tested 
against isotype controls to confirm that non-specific staining did not occur. 
 
- Fig 1B, D, F: y axis is labeled MFI-I assume this is cell number? what is the fluor on the x-axis? 
 
Reply:  
We apologise for the lack of clarity in the labelling. The y-axis has now been labelled as % of Max and refers to 
the event count ‘relative to mode’. This is common practice when presenting FACs overlays of marker 
expression due to differences in the number of events/ cells collected between samples. Differences in the 
number of events would make the histogram plots different sizes, thus you could not compare the plots by 
eye. Note that between 50 000 - 100 000 events were collected for each sample, and the sample was >95% 
F4/80

+
CD11b

+
 macrophages.  

The X-axis is a level of expression of CSF-1R or CCR2. This was measured as Mean Fluorescence Intensity (MFI) 
but we did not think it necessary to include. The antibodies to CSF-1R and CCR2 were both APC labelled. 
 
- Fig 2: legends states 6 animals in each arm but it appears there are only 3 mice in the treated arm and 6 in 
the control chimeric transplants. Please clarify. Was this a single experiment? 
 
Reply:  
We apologise for errors here. For Figure 2A, there were 6 mice/group of chimeric mice. However, for Figures 
2C and D, cells from 6 control-chimeric mice but only 4 dmPGE2 chimeric mice were phenotyped. Initially we 
presented data for 3 mice, with the 4

th
 mouse considered an outlier. However, it is now included. We have also 

corrected the legend to the Figure. 
 
Minor issues 
1. Title: In addition to removal of mention of GVHD, the use of the term "daughter" macrophages is confusing 
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as the data does not prove whether the functional effect seen is due to an effect on macrophage 
precursors/progenitors or on the macrophages themselves in the unfractionated BM. 
 
Reply:  
The long timeline of the chimeric mouse experiments indicates that the monocytes/macrophages tested in the 
in vivo migration studies were not the same cells as those pulsed with dmPGE2. In the chimeric mice, 
monocyte recruitment in response to thioglycolate was evaluated 12 weeks after transplantation. Unlike some 
populations of resident tissue macrophages, monocytes are not known to persist that long, which indicates 
that the recruited monocytes were derived from stem or progenitor cells in the dmPGE2-treated bone 
marrow.  Similarly, in the in vitro assay, bone marrow cells were isolated 12 weeks after the donor cells were 
exposed to dmPGE2, and differentiated macrophages that may have persisted for that length of time would be 
unlikely to be found in significant numbers in subsequent macrophage cultures. However, to eliminate this 
possibility, only non-adherent bone marrow cells were cultured for 9 days for macrophage differentiation from 
mononuclear phagocytic progenitor cells. Adherent and therefore more differentiated bone marrow-resident 
macrophages were removed after the first 24 hours of culture. Moreover, in studies of the downstream effects 
of subcutaneous PGE2-releasing pellets, monocyte-derived dendritic cells differentiated from the bone 
marrow of 16-week engrafted PGE2-chimeric mice, as well as 16-week engrafted serial PGE2-chimeric mice, 
had reduced priming abilities (ref 2). This inferred an effect of PGE2 on bone marrow cells lasting 32 weeks, 
which is beyond the life span of mature cells. 
 
2. Statistical methods should be clearly described for each type of analysis 
 
Reply:  
Please see above and has been incorporated into the figure legends. 
 
3. Highlights section needs revision-what is meant by macrophage progeny? The second 2 points are unclear as 
written: do the authors mean PGE2 treated macrophages respond poorly to… multiple migration signals in 
vitro and …migration signals in chimeric mice? Again, the point on GvHD should be removed as this is not 
shown. 
 
Reply:  
The Highlights have been rewritten. As rebutted in point 1 above, the methodology for differentiating 
macrophages from BM involves an initial step to remove adherent cells. These adherent cells would include 
already differentiated macrophages. We argue that we have been studying daughter macrophages or the 
progeny of bone marrow progenitor cells. 
Reference to GvHD has removed from the Highlights.  



Table 1. Engraftment of CD45.1+ donor cells into the BM, spleen and lymph nodes of control- and dmPGE2-chimeric mice. Comparison of cell yields 

and cell types from wild-type (WT, non-chimeric) are shown at 4 and 12 weeks after injection of cells. Mean+SEM for 3 individual mice. 

  Bone marrow Spleen Lymph nodes 

 Weeks 

reconstituted 

WT C-chim dmPGE2-

chim 

WT C-chim dmPGE2-

chim 

WT C-chim dmPGE2-

chim 

Total cells (x10
6
) 4 60.4+6.8 46.2+6.2 49.6+0.8 103.2+4.0 64.4+6.0 55.4+1.0 - - - 

 12 62.0+11.8 50.5+1.6 46.7+4.7 74.5+6.5 70.1+5.4 80.4+6.0 - - - 

           

%CD19+B220+ 12 23.1+3.0 28.4+1.8 27.6+1.4 45.5+3.5 49.8+1.9 50.9+1.7 32.7+2.6 32.0+2.8 30.5+2.9 

% CD45.1  0.05+0.0 97.8+0.6 98.4+0.1 0.1+0.0 99.7+0.1 99.7+0.1 0.1+0.1 99.7+0.1 99.6+0.1 

           

%CD3+CD4+ 12 1.0+0.2 1.0+0.1 0.7+0.1 11.6+1.2 13.4+2.0 9.9+1.0 21.2+4.8 33.4+2.3 33.3+2.2 

% CD45.1  0.1+0.0 84.9+2.6 87.6+3.2 0.1+0.0 92.1+1.1 88.9+1.7 0.1+0.0 95.1+1.2 93.0+0.9 

           

%CD3+CD4- 12 2.5+0.7 2.9+0.1 2.1+0.2 12.1+0.1 8.8+0.8 7.4+0.6 27.7+6.6 29.5+0.3 28.1+0.8 

% CD45.1  0.1+0.0 88.7+1.6 87.6+0.8 0.0+0.0 93.7+0.2 90.6+1.2 0.0+0.0 95.7+0.3 92.9+0.6 

           

%F4/80+CD11b+ 12 8.9+1.4 13.3+0.9 14.5+0.5 1.5+0.1 2.9+0.6 3.0+0.3 1.2+0.4 1.2+0.5 0.6+0.1 

% CD45.1  1.5+0.4 99.8+0.0 99.8+0.0 4.6+0.6 99.1+0.2 99.1+0.2 3.5+0.7 98.9+0.5 99.7+0.1 

           

%CD11c+ 12 2.5+0.2 2.3+0.1 2.2+0.1 3.7+0.0 3.7+0.2 4.4+0.5 3.9+0.5 4.8+0.0 3.9+0.3 

% CD45.1  5.5+1.4 97.3+0.8 98.1+0.4 0.4+0.2 97.0+0.2 96.0+0.0 0.4+0.2 97.7+0.3 96.5+0.5 

 

Table
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