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Abstract

Erythropoietin (EPO), used to treat anemia in cancer patients, has been reported to accelerate 

tumor progression and increase mortality. Research of the mechanism for this effect has focused 

upon EPOR expression by tumor cells. We model the high macrophage to lymphocyte ratio found 

in tumor microenvironments (TMEs) by culturing peritoneal cavity (PerC) cells that naturally have 

a high macrophage to T cell ratio. Following TCR ligation, C57BL/6J PerC T cell proliferation is 

suppressed due to IFNγ-triggered inducible nitric oxide synthase (iNOS) expression. EPO was 

tested in the PerC culture model and found to increase T cell suppression. This effect could be 

abrogated by inhibiting iNOS by enzyme inhibition, genetic ablation, or blocking IFNγ signaling. 

Flow cytometry revealed the EPOR on CD11b+F4/80+ macrophages. These results suggest that 

EPO could increase T cell suppression in the TME by acting directly on macrophages.
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1. Introduction

Understanding of the role of the immune system in cancer continues to undergo a revolution 

with growing appreciation for important differences in pre- and post-reproductive age 

immunity. Particularly notable is the concept of “immunoediting”, whereby the immune 

system controls neoplasia early in life yet also fosters subsequent emergence of immune-

resistant cells [1]. Removal of apoptotic cells is an essential housekeeping function mediated 

by anti-inflammatory or immune suppressive phagocytes. Such cells, active in the hypoxic 

core of the evolving cell mass, can promote angiogenesis via vascular endothelial growth 

factor (VEGF) production, initiating a critical step in the further development of the nascent 

tumor [2,3]. VEGF is pleiotropic as it can also temper inflammation via nitric oxide (NO) 

production [4]. The premise that tumors are “wounds that do not heal” unites the elements of 
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tissue repair, cell corpse clearance, and immune suppression [5,6]. Myeloid cells are key 

players in these processes and often have a high proportional representation in tumors [6,7]. 

Biopsy assessments have a growing focus on such cells as they serve as prognosis indicators 

as well as biomarkers for emerging immunotherapies [7,8].

Contemporary cancer treatments have begun to exploit this knowledge. Avastin, a 

humanized mAb that neutralizes VEGF, was developed to inhibit tumor angiogenesis. As 

patient data accumulated, optimal efficacy in breast cancer was found to correlate with 

patients having hypertension, a disease often reflecting reduced NO production [9]. Breast 

tumors often have significant myeloid composition including cells known to suppress 

immunity via NO production [10–12]. Thus, neutralization of VEGF could reduce both 

pathological angiogenesis and myeloid immune suppression in the tumor microenvironment 

(TME), particularly for hypertensive patients [13].

Like VEGF, erythropoietin (EPO) is produced under conditions of hypoxic stress. EPO 

promotes erythropoiesis by triggering erythroblast differentiation and blocking apoptosis of 

erythroid progenitors [14–16]. Recombinant EPO (Epogen/Procrit, Aranesp) was one of the 

first blockbuster biopharmaceuticals. Initially developed to treat anemia in kidney dialysis 

patients, subsequent trials in cancer patients led to its use as the primary treatment for the 

anemia associated with myelosuppressive chemotherapy or radiotherapy (17–20). As this 

treatment group expanded and patient data was analyzed EPO was found to accelerate tumor 

progression and increase mortality leading the FDA to revise EPO administration guidelines 

[21–23]. EPO, like VEGF, has been implicated in poor prognoses for oncology patients 

[24,25].

EPO is tissue-protective, promoting wound healing in various injury models including 

ischemia-reperfusion, trauma, cytotoxic infections, and tissue/organ inflammation [26]. 

Thus, like VEGF, EPO can exhibit pleiotropic functions that particular cancers can 

commandeer. With disagreement regarding erythropoietin receptor (EPOR) expression by 

various cancer cells [19, 27–35], the question remains as to how EPO might promote cancer 

progression. Evidence for leucocytes expressing the EPOR inform models for how EPO 

might temper immunity within TMEs [36–40].

Cellular immunity is strictly dependent upon cellular collaboration. The ratio of myeloid to 

lymphoid cells (M:L) has been shown to impact immunity in vitro and in vivo [7,41]. In 

contrast to organized lymphoid tissue with low M:L ratios [42], many tumors have high M:L 

ratios (7). Although these tumors often have antigen-specific T cells in situ, these cells are 

unresponsive. Such TMEs can be modeled in vitro via PerC cell culture wherein 

macrophage-dense conditions suppress T cell activation via catabolism of limiting amino 

acids, production of anti-inflammatory cytokines, and prostaglandin metabolism [41–44]. 

Data herein show that EPO increases T cell suppression in PerC cell culture by increasing 

macrophage catabolism of arginine. These results serve to illustrate how EPO administration 

could foster tumor development and validate theories that certain forms of cancer co-opt 

normal homeostatic tissue repair mechanisms [45].
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2. Materials and methods

2.1 Mice

Two to four month old male and female mice, bred and maintained at Rider University, were 

handled in accord with NIH, Animal Welfare Act, and Rider University IACUC guidelines. 

Breeding pairs of C57BL/6J, BALB/c, IFNγR−/− (B6.129S7Ifngr/J), and iNOS−/− 

(B6.129P2-Nos2tm1Lau/J) mice were obtained from the Jackson Laboratory, Bar Harbor, 

ME.

2.2 Preparation of cell suspensions and cell culture

Spleen (SP) cell suspensions were obtained by gentle disruption of the organ between the 

frosted ends of sterile glass slides. Red blood cells were removed from SP cell preparations 

by hypertonic lysis followed by washing with Hanks Balanced Salt Solution (HBSS) (Life 

Technologies, Grand Island, NY). Peritoneal cavity (PerC) cells were obtained by flushing 

the peritoneum with 10 ml of warm (37°C) HBSS supplemented with 2–3% fetal bovine 

serum (FBS) (Hyclone, Logan, UT). Viable cell counts were determined by Trypan blue 

exclusion. Various dilutions (0.3 – 4.0 × 106/ml) of cells, in RPMI 1640 culture media (Life 

Technologies) supplemented with 10% FBS (Hyclone), 0.1 mM nonessential amino acids, 

100 U/ml penicillin, 100 μg/ml streptomycin, 50 μg/ml gentamicin, 2 mM L-glutamine, 2 × 

10−5 M 2-ME, and 10 mM HEPES, were incubated in a humidified atmosphere of 5% CO2 

at 37°C in 96-well “V”- or flat-bottom microtiter plates (Corning Costar, Fisher Scientific, 

Pittsburgh, PA). For anti-CD3 stimulation soluble anti-CD3ε monoclonal antibody (mAb) 

(clone 145-2C11) (eBioscience, San Diego, CA) was added at 1.0 μg/ml. To inhibit arginine 

catabolism, the arginase (ARG) inhibitor N-ω-hydroxy-nor-L-arginine (1-NA; CalBiochem, 

San Diego, CA) or the inducible nitric oxide synthase (iNOS) inhibitor NG-monomethyl-L-

arginine (1-MA; CalBiochem) were added. To inhibit tryptophan catabolism via 

indoleamine-2,3-dioxygenase (IDO), 1-methyl-tryptophan (1-MT; CalBiochem) was added. 

To inhibit COX, indomethacin (INDO; Sigma) was added. All inhibitors were added at 

culture initiation. Mouse recombinant erythropoietin (EPO; R&D Systems, Minneapolis, 

MN) was reconstituted as described by the supplier and plated at 100 ng (15 U) /mL unless 

specified otherwise. Optimal concentrations of all reagents were determined in titration 

experiments. After 44 hours, 1 μCi of [3H] thymidine (Amersham, Boston, MA) was added 

to each well. The plates were frozen 4 hours after labeling, and then thawed for harvesting 

onto filter paper mats using a semi-automated cell harvester (Skatron Instruments, 

Richmond, VA). Radioactivity was measured by liquid scintillation spectrometry. For each 

experiment 3–5 wells were established for each test group. As noted in our prior studies 

[42,44], media only controls routinely had < 1000 CPM and were excluded from figures.

2.3 Immunofluorescence staining and flow cytometric analyses

PerC cell suspensions were first blocked with rat anti-mouse CD16/32 (Fc Block; 

eBioscience) and 2% normal rat serum (Jackson ImmunoResearch, West Grove, PA). The 

cell suspensions were then stained using titered amounts of FITC-, Cy-Chrome-, or PE-

labeled rat anti-mouse CD4, CD8, CD11b, and/or F4/80 mAbs (eBioscience). Isotype- and 

fluorochrome-matched, nonspecific mAb controls were employed to establish analysis gates. 

For carboxyfluorescein succinimidyl ester (CFSE) cell proliferation assays, cells were 
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labeled with CellTrace CFSE Cell Proliferation Kit (Thermo Fisher) prior to culture. For 

extracellular detection of the EPOR, cells were pre-incubated with 10% normal goat serum 

ex vitro. For intracellular staining cells were treated per the BioLegend Fix/Perm buffer kit 

(BioLegend, San Diego, CA). Bound biotinylated goat anti-mouse EPOR or biotinylated 

normal goat IgG control were detected with Streptavidin-PE (R&D Systems). EPOR binding 

was blocked by pre-incubation with an excess of sEPOR (Sino Biological Inc., Beijing, 

China) followed by washing. The percentage of cells co-expressing these markers were 

determined via multiparameter flow cytometric analyses on a FACSCalibur™ flow cytometer 

(Becton Dickinson Immunocytometry Systems, San Jose, CA) by FSC/SSC gating the 

specified cell population using CellQuest software. Fifteen to twenty thousand cells were 

collected per sample.

2.4 Colorimetric assays

Determination of nitrite, a product of nitric oxide catabolism, was done using a Griess 

Reagent kit (Thermo Fisher) microplate assay following the manufacturer’s instructions. 

The absorbance of the nitrite containing samples was measured at 548nm using a microplate 

reader (SpectraMax M2, Molecular Devices, Sunnyvale, CA).

Cell proliferation was measured using the TetraZ™ Cell Counting Kit (BioLegend) (WST-8 

and Methoxy PMS) following manufacturer’s instructions. Cells were treated 48 hours ex 
vitro with 10 μl of TetraZ™ cell counting solution per well, then formazan absorbance was 

measured after a 4 hour incubation at 37°C at 480nm using a microplate reader.

2.4 Western Blot

Total PerC or SP cells were cultured for 48 hours as described; cell lysates were prepared 

with RIPA (Thermo Fisher) lysis and extraction buffer. For detection of EPOR expression, 

lysate or 5 ng of recombinant mouse EPOR (Sino Biological) were separated by SDS-PAGE 

on a 12% acrylamide gel (Thermo Scientific) and transferred onto a Whatman® Optitran® 

BA-S 85 nitrocellulose membrane (Sigma). EPOR was probed with 0.1 μg/mL biotinylated 

anti-mouse EPOR antibody (R&D Systems) or a 1:200 dilution of biotinylated goat anti-

mouse EPOR antiserum (M-20; Santa Cruz Biotechnology, Inc.). Bound antibody was 

detected using 0.1 μg/mL alkaline phosphatase (AP)-conjugated streptavidin (Jackson 

ImmunoResearch) or goat anti-rabbit IgG-AP (sc-2057; Santa Cruz Biotechnology, Inc.) and 

NBT/BCIP (Thermo Scientific).

2.5 Statistical Analyses and Stimulation Indices (SI)

T cell proliferative responses are presented as the average counts per minute (CPM) ± SEM 

(standard error of the mean). Data sets were compared using the Student’s t-test with p-

values below 0.05 considered statistically significant. The stimulation index (SI) is defined 

as the average treated or experimental response (e.g., anti-CD3 + drug) divided by the 

average control response (anti-CD3 alone). Media-only control cultures routinely have CPM 

values < 1000 CPM and are not included in most figures for clarity.
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3. Results

3.1 Peritoneal macrophages suppress T cell activation via amino acid catabolism

Cultures of murine peritoneal cavity (PerC) cells reproduce key features found in tumor 

microenvironments (TMEs), most notably a macrophage density-dependent suppression of T 

cell activation mediated by amino acid catabolism, inhibitory cytokine production, and/or 

prostaglandin production [2,7,11,41,46]. As shown by 1-methyl arginine (1-MA) inhibition 

of inducible nitric oxide synthase (iNOS) and based on culture density, C57BL/6J PerC T 

cells were suppressed primarily by arginine catabolism (Fig. 1A). Key roles for interferon-

gamma (IFNγ) and iNOS in suppression were revealed by T cell responsiveness with 

interferon-gamma receptor knockout (IFNγR−/−) and iNOS−/− PerC cell cultures (Fig. 1B). 

These results demonstrate the utility of this culture model for studying macrophage 

suppression of T cell activation [41–44].

3.2 EPO increases macrophage suppression of T cells

Consistent with their role in promoting wound healing, macrophages produce EPO to 

promote new blood vessel growth [5]. However, additional, immune-related properties for 

EPO have recently been reported [47,48]. To assess the effect of this hormone in the PerC 

cell TME model, EPO was added and T cell activation was assessed. In a dose-dependent 

fashion EPO increased T cell suppression (Fig. 2A). This effect was not seen in spleen (SP) 

cell cultures which have a normal T cell proliferative response due to the absence of the high 

macrophage to T cell ratio seen in PerC cell cultures (Fig. 2B) [42]. However, when graded 

numbers of PerC cells are added to SP cells T cell suppression returns as well as the EPO 

effect. Thus, EPO can increase T cell suppression in conditions that mimic the high 

macrophage to lymphocyte ratio found in TMEs.

3.3 Genetic variation in EPO-mediated suppression

Due to their distinctive cytokine biology, BALB/c (Th2/IL4; “pro-humoral immunity”) PerC 

cells differ from those of C57BL/6J (Th1/IFNγ; “pro-cellular immunity”) in demonstrating 

macrophage suppression [42,49]. BALB/c PerC T cell proliferation is much greater in the 

more dense cultures (1.5 × 105 cells/well) than that of C57BL/6J PerC cells. Furthermore, 

C57BL/6J PerC cells consistently exhibit a much greater response to 1-MA treatment (Fig. 

1A versus Fig. 3). EPO still suppressed BALB/c PerC T cell activation in dense cultures 

(Fig. 3) and C57BL/6J PerC T cells were suppressed at all concentrations tested (Fig. 2A).

3.4 Inhibition of iNOS blocks EPO-mediated suppression

Inhibition of macrophage-produced iNOS with 1-MA permits PerC T cell activation (Fig. 

1A) [41]. We tested if 1-MA could impact the increased suppression seen with the addition 

of EPO to C57BL/6J PerC cell cultures. The ability of EPO to increase suppression was lost 

when 1-MA was present in both C57BL/6J and BALB/c PerC cell cultures (Figs. 4A, 3). 

Likewise, EPO failed to temper T cell proliferation in iNOS−/− or IFNγR−/− PerC cell 

cultures (Figs. 4B, 4C). These data illustrate that EPO might increase T cell suppression by 

acting through the IFNγ-triggered iNOS pathway.
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3.5 PerC T cell suppression correlates with increased NO production

If EPO acts through the iNOS pathway, increased nitrite production, an indicator of iNOS 

activity, would be anticipated. Consistent with each strain’s cytokine biology and 

suppression profile, CD3 ligation of C57BL/6J PerC T cells resulted in significantly more 

nitrite production than BALB/c PerC T cells (Fig. 5A). Genetic (iNOS−/−, IFNγR−/−) or 

pharmacologic ablation of IFNγ signaling or iNOS activity limited nitrite production (Fig. 

5A, not shown). SP cell cultures, due to their low macrophage composition, produced low 

levels of nitrite (Fig. 5B, note scale). Overall, nitrite production was consistent with the 

degree of macrophage-induced T cell suppression seen with these strains and cell sources. 

Although not statistically significant, exogenous EPO consistently increased nitrite 

production under all conditions tested.

3.6 EPO-mediated suppression is detectable by water-soluble tetrazolium assay

As a third measure of the impact of EPO on PerC T cell proliferation a water-soluble 

tetrazolium dye assay was conducted. This method quantifies cellular metabolism by 

measuring NADH release and recently was shown to measure superoxide production by 

activated phagocytes [50,51]. Interestingly, in the absence of T cell activation, PerC cells had 

greater absorbance than SP cells (Fig. 6). However, following CD3 ligation, SP cell cultures 

had the greater increase in absorbance (4- vs 1.7-fold increase in absorbance) consistent with 

results seen with tritiated thymidine (3H-TdR) proliferation assays. EPO reduced absorbance 

in PerC but not SP cell cultures. However, when suppression was blocked with 1-MA (or 

anti-IFNγ, not shown) absorbance decreased in PerC cell culture. As observed with 3H-TdR 

incorporation, there was no EPO effect with SP cells. This difference likely reflects 1-MA 

reducing NO production, a likely contributor to the higher, baseline-level of dye absorbance 

observed with PerC cells [50].

3.7 EPO suppresses both CD4+ and CD8+ T cell activation

Regardless of tissue source, T cells are heterogeneous in phenotype and function and thus 

likely to differ in their response to suppressive conditions. To assess potential differences in 

the susceptibility of PerC T cell subsets to suppression, CFSE dye-dilution and 

multiparameter flow cytometry were deployed to study PerC CD4+ and CD8+ T cell 

responses to CD3 ligation.

Limited division of both CD4+ and CD8+ T cells was observed with a similar increase 

(~10.5-fold for CD3 ligation relative to the unstimulated/CM control) in the relative 

percentage of cells (Fig. 7). CD4+ cells had a greater response than CD8+ cells (4.0- vs 2.1-

fold) when suppression was blocked by IFNγ neutralization. EPO increased suppression of 

both subsets and modestly limited CD4+ cells more than CD8+ cells (9% vs 12 % of the 

control response). These results serve to illustrate that suppression impacts both PerC T cell 

subsets and validate that EPO increases suppression.

3.8 EPOR expression by cultured PerC macrophages

Although prior research has shown that murine macrophages express the EPOR [38,52] 

none of this work assessed resident macrophages following short-term culture. Western blot 

and flow cytometry were conducted to assess EPOR expression by PerC cells ex vitro. The 
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anticipated 72 kD band was observed for cultured PerC cells and the intensity increased with 

CD3 ligation; the EPOR was not detected in cultured SP cells (Fig. 8). Identical results were 

seen with 2 different polyclonal antibodies, both of which bound a soluble form of the 

EPOR (sEPOR) control (not shown). FACS analysis of ex vitro C57BL/6J PerC cells 

detected the EPOR on F4/80+, CD11b+ macrophages and specificity was validated by the 

reduction in staining when sEPOR was used as competitive inhibitor (Figs. 9A, 9B). The 

percentage of macrophages expressing the EPOR increased with culture duration; the EPOR 

was also detectable inside macrophages (not shown). These findings confirm that 

macrophages express the EPOR and are noteworthy in that they validate that EPO can play a 

role in increasing immune suppression in myeloid-rich TMEs.

4. Discussion

The results reported here demonstrate that EPO increases macrophage-mediated T cell 

suppression in PerC cell cultures that mimic the high M:L ratios found within TMEs. 

Tritiated thymidine incorporation, CFSE dye dilution and tetrazolium dye reduction by 

TCR/CD3ε ligated C57BL/6J PerC T cells were reduced in the presence of EPO. In 

contrast, EPO had no effect in C57BL/6J SP cell cultures which lack the high M:L ratio 

found in PerC cell culture [42]. Although less susceptible to suppression, BALB/c (Th2/IL4; 

“pro-humoral immunity”) PerC T cell activation was also reduced by EPO. Inhibition of 

iNOS activity with 1-methyl arginine (1-MA) negated the reduced response seen with EPO. 

Likewise, EPO had no effect in cultures where suppression was neutralized by gene deletion 

of iNOS or the cytokine signaling pathway (IFNγR−/−) that promotes iNOS expression [11]. 

Thus EPO appears to temper inflammation by increasing macrophage iNOS activity in 

environments with high representation of these cells.

The consistency by which PerC T cell activation was reduced across assays validates that 

EPO can temper adaptive immunity. Reduced CD4+ T cell activation is particularly 

important, as these cells are key initiators of the adaptive immune response. EPO has been 

shown to temper innate immunity, notably the response of activated macrophages to LPS 

[16,53]. Since tetrazolium dye reduction occurs outside of cells it not only measures NADH 

release but also free radical (ROS, RNS) production associated with the macrophage 

respiratory burst [50,51]. This might explain why blocking iNOS activity, which tempers the 

respiratory burst, did not optimize tetrazolium dye reduction. Genetic ablation of NADPH 

oxidase activity (gp91−/−), another key component of the respiratory burst, led to results 

similar to that of wild type PerC cells suggesting that EPO acts specifically through iNOS 

(not shown). Overall these data illustrate that EPO can restrain key initiation points of both 

the adaptive and innate arms of the immune system.

A modest increase in nitric oxide (NO) production, was consistently found with EPO 

addition. Prior work has shown that EPO increases NO production in endothelial cells and 

their progenitors and increases iNOS expression in granulation tissue during wound healing 

[52,54,55]. Conversely, EPO reduces NO production by thioglycollate-elicited (activated) 

macrophages stimulated by LPS, a result also seen in LPS-stimulated PerC cell cultures (not 

shown) [16]. Such differences likely reflect direct activation of macrophages by LPS (TLR4 

ligation) versus indirect activation by IL1, TNFα, and IFNγ released following T cell 
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activation. Compared with LPS-treated PerC cells, CD3-treated cells had more iNOS protein 

(not shown). Either pathway can activate macrophages to increase iNOS activity for either 

pro- or anti-inflammatory purposes, the outcome depending upon time (duration) and 

context (antigen type/concentration, cellular composition). It is important to consider that 

culture constraints fail to ideally mimic TMEs and their metabolic signature of persistent 

inflammation [56].

Consistent with prior studies of myeloid lineage cells, F4/80+ CD11b+ PerC macrophages 

had detectable EPOR expression by both Western Blot and FACS analysis [16,38,39,52,53]. 

EPOR expression increased with culture duration reflecting the cellular stress/hypoxia seen 

in other models [52,55]. Although most of the protein exists in intracellular form, Western 

blot failed to reveal the EPOR in SP cells [30,57]. An alternative form of the EPOR, a dimer 

of the common beta chain (βC, CD131, IL3RB) with an EPOR monomer, was not observed 

on PerC cells even though, each molecule was individually detectable on cultured PerC 

macrophages [58]. CD131 is most often found as a co-receptor with the cytokine-specific 

subunits GM-CSFα/CD116/CSFR2α, IL-3Rα/CD123, or CD125/IL-5Rα [59]. 

Interestingly, we have previously shown that addition of GM-CSF or IL-3 to PerC cell 

culture also restrains T cell activation [43]. Perhaps the “supercomplex” of IL3, GM-CSF 

and EPO receptors that regulates erythropoiesis also tempers inflammation [58]. Since the 

expression of myeloid markers (Class II MHC, B7.1/CD80, B7.2/CD86, B7H1/PDL1/

CD274) associated with controlling T cell activation was not impacted by EPO, it is likely 

that signaling impacts iNOS activity.

The concentration of EPO (15 mU or 100 ng/ml) used in these studies was within the normal 

physiologic range (3–32 mU/ml or 20–213 ng/ml) reported for this molecule [60,61]. 

Anemic cancer patients are treated with EPO injection regimens ranging from 150 U (1 

ug) /kg thrice weekly to 40,000 U (267 ug) /kg weekly with treatment lasting a minimum of 

4 weeks to foster detectable increases in hemoglobin production [62]. Short term, pre-

clinical carcinoma models following similar dosing schedules have shown that EPO can 

accelerate pathology [63,64]. Considering that certain carcinomas can produce EPO in 

response to hypoxia it is possible that EPO concentrations within TMEs are even higher 

[52,53,65].

PerC cell culture can serve as an in vitro screening system that mimics a key feature of 

TMEs, i.e. high macrophage to T cell ratios that promote T cell suppression. Initially 

thought to be a key component of anti-tumor immunity, macrophages have been found to 

foster immune evasion and metastasis [6–8]. Our findings show that EPO enhances 

macrophage suppression demonstrating an additional pathway by which the immune system 

can be co-opted by cancer. Since EPO can act directly on cells of the immune system these 

observations are also pertinent to pathologies where tempering myeloid cells would be a 

clinical objective [26].
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Abbreviations

EPO erythropoietin

EPOR erythropoietin receptor

iNOS inducible nitric oxide synthase

PerC peritoneal cavity

1-MA NG-monomethyl-L-arginine
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Highlights

Peritoneal cell culture can model macrophage-rich tumor 

microenvironments (TMEs)

iNOS expression by peritoneal cavity macrophages suppresses T cell 

activation

Erythropoietin increases macrophage-mediated T cell suppression

EPO could directly promote tumor progression via EPOR-expressing 

macrophages
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Figure 1. Cell concentration-dependent suppression of T cell activation
Panel A: C57BL/6J PerC cells were cultured with (left to right) anti-CD3, anti-CD3 + 1-

MA (iNOS inhibitor), anti-CD3 + 1-MT (IDO inhibitor), anti-CD3 + INDO (COX 

inhibitor), or anti-CD3 + 1-NA (arginase inhibitor). Panel B: Anti-CD3 activated (left to 

right) C57BL/6J, iNOS−/− and IFNγR−/− PerC cells. Asterisk indicates p < .05. Stimulation 

Indices (SI) are listed above the bars.
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Figure 2. Effect of EPO on C57BL/6J PerC and SP T cell activation
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Panel A: C57BL/6J PerC cells were cultured with (left to right) anti-CD3, anti-CD3 + 33, 

100, or 300 ng/ml EPO. Graph depicts the average of three independent experiments that 

yielded similar results. Panel B: EPO has no effect on spleen (SP) T cell activation, yet 

when PerC cells are co-cultured with SP cells suppression and the EPO effect were 

observed. C57BL/6J SP cells cultured at 1.0 ×105 cells/well with (left to right) CM, anti-

CD3, anti-CD3 + 200 ng/ml EPO and graded numbers of C57BL/6J PerC cells.
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Figure 3. Effect of EPO upon BALB/c PerC T cell activation
BALB/c PerC cells were cultured with (left to right) anti-CD3, anti-CD3 + 1-MA, anti-CD3 

+ 100 ng/ml EPO, anti-CD3 + EPO + 1-MA. Graph represents the average of at least three 

independent experiments with similar results.
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Figure 4. iNOS inhibition abrogates EPO-mediated suppression
Panel A: EPO-mediated suppression is blocked by 1-MA. C57BL/6J PerC cells were 

cultured with (left to right) anti-CD3, anti-CD3 + 1-MA, anti- CD3 + 100 ng/ml EPO, anti-

CD3 + 100 ng/ml EPO + 1-MA. Panel B: EPO effect is absent in IFNγR−/− PerC cells. Left 

to right, C57BL/6J PerC cells with anti-CD3, anti-CD3 + 100 ng/ml EPO; IFNγR−/−cells 

with anti- CD3, anti-CD3 + 100 ng/ml EPO. Panel C: EPO effect is absent in iNOS−/− PerC 

cells. Left to right, C57BL/6J PerC cells with anti-CD3, anti-CD3 + 100 ng/ml EPO; 

iNOS−/−cells with anti-CD3, anti-CD3 + 100 ng/ml EPO.
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Figure 5. PerC T cell suppression correlates with increased NO production
Panel A: Left to right, C57BL/6J, BALB/c and iNOS−/−PerC cells were cultured as 

indicated. NT = not tested. Panel B: Left to right, C57BL/6J and BALB/c SP cells were 

cultured as shown. Nitrite was detected at 48 hours ex vitro using Griess Reagent.

Wood et al. Page 20

Cell Immunol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. EPO mediated suppression is detectable by TetraZ™assay
TetraZ™ was used to measure C57BL/6J PerC and Spleen cell proliferation 48 hours ex 
vitro. Cell concentrations at 1.5 ×105 cells/well.
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Figure 7. Effect of EPO on CD4+ and CD8+ T cell proliferation
CD4+ and CD8+ T cell proliferation is suppressed by EPO. Percent of cells in M1 gate and 

CFSE MFI values are indicated on figure. Figure representative of 4 separate experiments.
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Figure 8. PerC cell expression of EPOR
Western blot analysis of EPOR expression by cultured PerC and SP cells.
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Figure 9. FACS analysis of EPOR expression by PerC macrophages
CD11bhi F4/80hi PerC macrophages express the EPOR (Panel A). Soluble EPOR reduces 

EPOR staining validating specificity of EPOR detection (Panel B). Figures are 

representative of 3 experiments.
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