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ABSTRACT 
The immunomodulator OHR/AVR118 has been shown 
to increase IL-8 and MCP-1 secretion from non-ac- 
tivated human monocytes and U937 pro-monocytic 
cells, but to decrease MCP-1 secretion from LPS-ac- 
tivated monocytes, suggesting its effect depends on 
immune cell environment and/or activation state. We 
therefore assessed the effect of OHR/AVR118 on cy-
tokine secretion by human PBMCs and adherent mo- 
nocytes. OHR/AVR118 increased IL-6, IL-1β, and 
TNF-α secretion by PHA/IL-2-primed PBMCs, but 
did not alter IL-12 secretion. In contrast, treatment of 
LPS-activated monocytes decreased TNF-α and IL-12, 
increased IL-6, but did not alter IL-1β, secretion. To 
further show that the effect of OHR/AVR118 depends 
on cellular environment, we monitored U937 diffe-
rentiation towards mature macrophages in the pres- 
ence of drug. OHR/AVR118 promoted a pro-infla- 
mmatory response in PMA-activated cells, as demon-
strated by increased expression of the maturation 
markers CD86, CD32, and CD87 and by increased 
IL-8, MCP-1, and GM-CSF secretion. In undifferen-
tiated U937 cells, OHR/AVR118 did not alter phago-
cytosis of opsonized S. aureus and IL-10 secretion. 
Whereas, after activation, OHR/AVR118 induced an 
anti-inflammatory phenotype, as indicated by redu- 
ced phagocytosis and increased IL-10 secretion. Ove- 
rall, these findings suggest that OHR/AVR118 has a 
dual action on monocyte/macrophage function depen- 
ding on cellular activation state, resulting in either 
further activation or suppression. 
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1. INTRODUCTION 
OHR/AVR118 (previously also called Product R) is a 
novel immunomodulator containing a 31-amino acid 
peptide and a 21-residue peptide nucleic acid, in which a 
diadenosine is covalently attached to serine-18 via a pho- 
sphodiester bond [1]. OHR/AVR118 is chemically stable 
and has a favorable safety profile, both in animal toxicity 
studies and in human clinical trials [2]. Results of Phase 
1 and early Phase 2 clinical trials indicate that OHR/ 
AVR118 has efficacy in treating anorexia and cachexia 
in severely ill patients [2-4]. As an immunomodulator, 
OHR/AVR118 exerts broad effects on immunocytes, es- 
pecially on monocytes and macrophages. We demonstra- 
ted previously that OHR/AVR118 increases IL-8 and 
MCP-1 secretion by non-activated human monocytes and 
U937 pro-monocytic cells, but decreases MCP-1 secre-
tion by LPS-activated monocytes [5]. These findings 
suggested that the effect of OHR/AVR118 on immune 
cells is dependent on cellular environment and/or activa-
tion state.  

Monocytic dendritic and macrophage cells each play 
unique and essential roles in maintaining and restoring 
polarized immune responses [6]. Immune homeostasis 
involves signaling networks that control the balance be-
tween cell proliferation and cell death in response to dif-
ferent microenvironments [7]. We hypothesized that 
OHR/AVR118 affects a key step in the monocytic regu-
lation of immune homeostasis. To characterize the effect 
of OHR/AVR118 during monocyte activation, we moni-
tored the differentiation of U937 cells in the presence of 
drug. In addition, to understand the action of OHR/ 
AVR118 on primary cells, we utilized LPS-activated 
human blood monocytes, which are more mature than 
U937 cells and have been shown to respond differently  
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to OHR/AVR118, most likely due to their more differen-
tiated state. Finally, to further explore whether the effect 
of OHR/AVR118 on immune modulation is dependent 
on the cellular environment and/or activation state, we 
compared cytokine secretion by OHR/AVR118-treated 
human PBMCs with that by adherent monocytes and 
monocytic dendritic cells. Our results suggest that OHR/ 
AVR118 has both pro- and anti-inflammatory effects on 
monocytic cell function. 

2. MATERIALS AND METHODS 
2.1. PBMCs 

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from Ficoll-Hypaque gradients of donor blood and 
cultured for 3 days in RPMI 1640 medium containing 
20% fetal bovine serum (FBS), 100 units/ml interleu-
kin-2 (IL-2) and 3 μg/ml phytohemagglutinin (PHA), 
plus various concentrations of OHR/AVR118 or PBS 
[5,8].  

To generate adherent cells, PBMCs were seeded in 
adherence medium, RPMI 1640 supplemented with 5% 
FBS, 1X non-essential amino acids, 0.5X essential amino 
acids, 50 μM β-mercaptoethanol, 4 mM L-glutamine, 1X 
pen-strep, 1X gentamicin, 1X sodium pyruvate, and 0.75% 
glucose, and incubated for 2 h. Non-adherent cells were 
removed with three washes of Ca+2/Mg+2-free PBS. Ad-
herent PBMCs were activated by culture for 72 h in me-
dium containing 20% FBS, 0% - 10% OHR/AVR118 or 
PBS, plus, where indicated, 1 μg/ml E. coli 055:B5 LPS. 
In each experiment, all conditions were assayed in dup-
licate.  

2.2. U937 Activation 

Protocols for culturing U937 cells (ATCC; Manassas, 
VA) and for their treatment with OHR/AVR118 have 
been described [5]. For activation, cells, seeded at 2 × 
105/ml, were cultured for 48 h in medium containing 100 
nM PMA plus 5% OHR/AVR118 or PBS (control), with 
a change of medium after 24 h, following which they 
were cultured for an additional 48 h in fresh medium 
containing 5% OHR/AVR118 or PBS-control plus 1 μg/ 
ml E. coli 055:B5 LPS.  

2.3. Differentiation of Human Monocytic 
Dendritic Cells  

Adherent PBMCs were cultured for 8 days in 6-well 
plates with medium containing 1000 units/ml IL-4 
(Pierce/Endogen, Woburn, MA) and 1000 units/ml GM- 
CSF (Genentech, San Francisco, CA), supplemented 
with 5% and 10% OHR/AVR118 or PBS, replacing the 
medium every other day.  

2.4. ELISA of Chemokines and Cytokines 

Conditioned cell culture media were harvested, quick- 
frozen in liquid nitrogen, and stored until time of assay. 
Concentrations of human IL-8, IL-10, IL-12, IL-1β, and 
TNF-α were measured using ELISA kits from Pierce/ 
Endogen, whereas concentrations of MCP-1, IL-6, and 
GM-CSF were measured using ELISA kits from R&D 
Systems (Minneapolis, MN). Each supernatant was as- 
sayed for each cytokine concentration in triplicate. Ab- 
sorbance was measured on a PowerWave 200 Microplate 
Scanning Spectrophotometer (Bio-Tek Instruments; Wi- 
nooski, VT); concentrations were determined by extra- 
polation from four-parameter logistic fit standard curves 
generated from dilutions of standard protein supplied by 
the manufacturer. 

2.5. Flow Cytometry 
Phycoerythrin (PE)- or (FITC)-conjugated mouse mo- 
noclonal antibodies against human CD86 (B7.2), CD80 
(B7.1), CD32 (FcγRII), CD87 (uPA receptor) CD88 
(C5a receptor), CD14, CD18, CD54, CD36, CD64, 
HLA-DR, DQ, DP (MHC-class II) and HLA-A, B, C 
(MHC-class I), as well as the appropriate isotype con- 
trols, were purchased from BD Biosciences/PharMingen 
(San Diego, CA). Immunofluorescent labeling of cells 
with antibody conjugates for cytometric analysis and 
flow cytometry was performed as described [5].  

2.6. RNA Extraction and RT-PCR 
Extractions of total RNA, reverse transcription, PCR 
amplification, and gel electrophoresis and scanning were 
performed as described [5,9]. 

2.7. Phagocytosis Assay 
Following PMA-activation of U937 cells for 48 h in the 
presence of 5% OHR/AVR118 or PBS, the cells were 
harvested, washed, and re-suspended in ice-cold Binding 
Buffer (HEPES-buffered saline containing 5% FBS, 1% 
glucose, and 1mM sodium pyruvate). Preformed, opsoni- 
zed bacterial complexes were prepared by incubating 
FITC-Staphylococcus aureus (StaphA) with anti-StaphA 
antibodies (opsonizing reagent; Molecular Probes, Eu- 
gene, OR) in PBS for 1 hour at 37˚C, followed by coo- 
ling on ice. For non-specific binding, cells were incu- 
bated with 20 mg/ml of yeast mannan (Molecular Probes) 
for 10 min at 37˚C. PMA-activated U937 were incubated 
with opsonized or non-opsonized FITC- or BoDipy- 
FITC-labeled StaphA (Molecular Probes), at a 30:1 bac- 
teria to cell ratio, in ice-cold Binding Buffer for 1 h on 
ice. Uptake was initiated by adding pre-warmed Binding 
Buffer and incubating cells at 37˚C for 10, 30, 60 and 
120 min. The cells were cooled by adding an excess of 
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ice-cold PBS containing 1% FBS and 0.02% sodium 
azide (PBS Wash) and transferred to ice. All further ma-
nipulations were performed on ice with cold buffers. 
Cells were washed thrice with PBS Wash and once with 
PBS, resuspended in PBS, and analyzed by flow cyto- 
metry. In some experiments, the fluorescence from cell 
surface-bound bacteria from replicate samples was quen- 
ched with 4% trypan blue in citrate buffer, 150 mM NaCl, 
pH 5.1. In other experiments, the amount of surface 
bound bacteria was measured using cells incubated at 
0˚C throughout. Cells were also labelled with propidium 
iodide to exclude nonviable cells. Flow cytometry analy-
sis of the cell-associated fluorescence was used to deter-
mine the percentage of phagocytic cells (i.e. those with 
positive fluorescence exceeding those of the cold bind or 
trypan blue controls) and extent of uptake (fluorescence 
intensity). To confirm the extent of activation, the secre-
tion of IL-8 and MCP-1 and the surface expression of 
CD86 and CD32 were determined in all phagocytosis 
experiments. 

3. RESULTS  
3.1. OHR/AVR118 Stimulates 

Chemokine/Cytokine Secretion by Activated 
PBMCs 

Treatment of activated PBMCs with an early preparation 
of OHR/AVR118, was found to increase expression of 
IL-6 and IL-1β mRNA [8]. To confirm and extend these 
findings, we measured the effect of OHR/AVR118 on 
secretion of these cytokines under similar conditions. 
PBMCs were cultured with varying concentrations of 
OHR/AVR118 for 24 and 48 h in the presence of PHA 
and IL-2. Consistent with previous findings, OHR/ 
AVR118 stimulated the secretion of both IL-6 and IL-1β 
in a dose- and time-dependent manner (Figure 1). Since 
cells of the monocyte/macrophage lineage are major 
sources of IL-6 and IL-1β [10,11] the effect of OHR/ 
AVR118 on the secretion of chemokines and cytokines 
was tested on PBMC-derived adherent monocytes. 

3.2. OHR/AVR118 Alters the Secretion of 
Chemokines/Cytokines by Activated 
Monocytes 

The endotoxin LPS stimulates monocytes to produce 
several cytokines and chemokines, including IL-6, IL-1β, 
IL-12, TNF-α and GM-CSF [12-14]. To test the effects 
of OHR/AVR118 on LPS-induced cytokine secretion, 
PBMC-derived monocytes were cultured in the presence 
of LPS and varying concentrations of OHR/AVR118 for 
72 h. As with total PBMCs, AVR118 stimulated LPS- 
activated monocytes to secrete increased amounts of IL-6 
(Figure 2(A)). In addition, OHR/AVR118 induced a 
dose-dependent increase in the secretion of GM-CSF  

 
Figure 1. OHR/AVR118-enhanced IL-6 and IL-1β secretion by 
PHA/IL-2-activated PBMCs. 4 × 106 PBMCs were added to 
each well of a 6-well tissue culture plate and incubated for 2 
days with IL-2 (5%) and PHA (3 μg/ml). The cells were fed 
fresh media containing 0% - 10% OHR/AVR118 or PBS for 3 
days, and secreted cytokines were measured by ELISA. (A, C) 
Secretion of IL-6 (A) and IL-1β (C) in 24 h relative to concen-
tration of OHR/AVR118 (squares) or PBS (circles). (B, D) 
Secretion of IL-6 (B) and IL-1β (D) in 48 h in response to 10% 
OHR/AVR118 (black) or PBS (grey). Results shown are rep-
resentative of at least 2 independent experiments. 
 

 
Figure 2. OHR/AVR118-altered cytokine secretion by LPS- 
activated human monocytes. 4 × 106 PBMCs were added to 
each well of a tissue culture dish and incubated for 2 h. The 
adherent cells were washed and cultured for 3 days in media 
containing 0% - 10% OHR/AVR118 (black) or PBS (light 
gray), and secreted IL-6 (A), GM-CSF (B), IL-12 (C), TNF-α 
(D), IL-1β (E), and IL-10 (F) were measured by ELISA; un-
treated cells are shown in dark gray. Results shown are repre-
sentative of at least 2 independent experiments. 
 
(Figure 2(B)), similar to findings in total PBMCs (data not 
shown). Interestingly, increasing concentrations of OHR/ 
AVR118 suppressed the LPS-induced secretion of IL-12 
and TNF-α by adherent monocytes (Figures 2(C) and (D)). 
In contrast to its stimulation of IL-1β secretion by 
PBMCs, OHR/AVR118 did not alter IL-1β secretion by 
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LPS-activated monocytes (Figure 2(E)) and had no ef-
fect on the secretion of IL-10 (Figure 2(F)).  

Primary monocytic cells can be driven by GM-CSF 
and IL-4 to differentiate into dendritic cells in vitro. We 
tested the effect of OHR/AVR118 on monocytes cultured 
for 4 - 8 days with GM-CSF and IL-4. Control cells 
showed a time-dependent increase in IL-12 secretion, 
which reached a maximum on day 6, but very little secre- 
tion of IL-6. When cultured in the presence of OHR/ 
AVR118 for 8 days, however, monocytic dendritic cells 
showed a 3.7-fold increase in IL-6 secretion, but a 2.9- 
fold decrease in IL-12 secretion, compared with control 
cells (Figure 3). 

3.3. OHR/AVR118 Modulates Surface 
Expression and Cytokine/Chemokine 
Secretion by Activated U937 Cells 

We previously showed the dual response of resting ver-
sus activated primary monocytes to OHR/AVR118 [5]. 
In addition, animal model studies suggest that OHR/ 
AVR118 may have alternative effects depending upon 
the initial state of the immune response (Cahalon L, Co-
hen I, personal communication). To determine further 
whether OHR/AVR118 has both pro- and anti-inflam- 
matory properties, we treated U937 cells with OHR/ 
AVR118 or PBS during PMA activation for 2 - 3 days. 
We observed increased per cell expression of various 
markers characteristic of differentiating macrophages, 
including the costimulatory marker CD86 (B7.2) and the 
functional receptors CD87 (uPA receptor) and CD32 
(FcγRII), as well as increases in the percentage of cells 
positive for CD86 and CD87 (Figure 4). AVR118 de- 
creased the per cell expression of the MHC-class I re-
ceptors HLA-A, -B and -C, while not altering the per-
centage of cells positive for CD32 and MHC-class I 
(Figure 4). Modest increases in the per cell expression of 
 

 
Figure 3. OHR/AVR118-altered secretion of IL-12 and IL-6 by 
differentiating monocytic dendritic cells. Adherent monocytes 
were differentiated to monocytic dendritic cells by culture for 4, 
6 or 8 days (d4, d6 and d8) with IL-4 and GM-CSF, plus 5% 
PBS or OHR/AVR118; the cells were re-fed every 2 days. Con- 
ditioned tissue culture media were harvested on d6 and d8, and 
secreted IL-12 (A) and IL-6 (B) were measured by ELISA (un-
treated, dark gray; PBS, light gray; OHR/AVR118, black). Re- 
sults shown are representative of at least 2 independent expe-
riments. 

 
Figure 4. OHR/AVR118-altered surface expression of matura-
tion markers on PMA-activated U937 cells. U937 cells were 
cultured with 100 nM PMA plus 5% OHR/AVR118 or PBS for 
48 h, harvested and labeled with fluorescently conjugated anti-
bodies to CD86 (A; B7.2), CD32 (B; Fcγ-Receptor II), CD87 
(C; uPA receptor), and HLA-A, -B, -C (D; MHC-class I), prior 
to flow cytometry. Isotype controls were used as negative con-
trols. Histograms represent fluorescence intensity as a function 
of cell number. Results shown are representative of at least 10 
independent experiments. 
 
CD14 and CD18 were also observed, as well as a large 
increase in the surface expression of CD88 (C5a receptor) 
(data not shown). RT-PCR showed that OHR/AVR118 
enhanced the expression of CD86, CD32, CD54, CD87, 
CD18, CD88, and CD80 mRNAs, but only slightly in-
creased the expression of CD14 mRNA, in PMA-acti- 
vated U937 cells (data not shown). 

U937 cells further activated with LPS for 48 h in the 
presence of OHR/AVR118 showed increased overall 
levels of CD32, CD86, CD87, CD88, and CD14 com-
pared with control activated cells. In contrast, OHR/ 
AVR118 had no effect on the surface expression of 
CD54, the MHC-class II receptors HLA-DR, -DQ, and 
-DP, and CD80, and decreased the surface expression of 
HLA-A, -B, -C (MHC-class I), CD36 and CD64 (data 
not shown).  

Similar to our results with primary monocytes, we 
found that treatment for 24 - 48 h with OHR/AVR118 
enhanced the PMA-induced secretion of IL-8, MCP-1, 
GM-CSF, and IL-1β and the expression of each mRNA 
(data not shown). In addition, OHR/AVR118 enhanced 
the secretion of the anti-inflammatory cytokine IL-10, 
after both PMA- and LPS-activation (Figure 5). OHR/ 
AVR118 had a differential effect on IL-6 secretion, sti-
mulating its secretion by PMA-activated U937 cells, but 
markedly inhibiting its secretion by cells further stimu-
lated with LPS (Figure 6); this differential response to 
OHR/AVR118 was confirmed by RT-PCR (data not  
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Figure 5. OHR/AVR118-increased IL-10 secretion by PMA- 
and LPS-activated U937 Cells. (A) U937 cells were cultured 
for 2 days in medium containing 1 nM PMA and 5% OHR/ 
AVR118 (black) or PBS (gray), and (B) for an additional 2 
days in medium containing 1 μg/ml E. coli 055:B5 LPS and 5% 
OHR/AVR118 or PBS, and the concentration of secreted IL-10 
was measured by ELISA. Results shown are representative of 
at least 4 independent experiments. 
 

 
Figure 6. Dual effect of OHR/AVR118 on IL-6 secretion by 
activated U937 cells. U937 cells were cultured with (A) PMA 
and (B) LPS, in the presence of 5% OHR/AVR118 (black) or 
PBS (gray), as described in the Legend to Figure 5, and the 
concentrations of secreted IL-6 were measured by ELISA. Re-
sults shown are representative of at least 4 independent expe-
riments. 
 
shown). It should be noted that these cells did not ex-
press IL-12 or CD40 mRNA or protein (data not shown). 

3.4. OHR/AVR118 Inhibits the Phagocytic 
Capacity of PMA-Activated U937 Cells 

PMA activation of U937 cells increases their phagocytic 
capacity, a characteristic of differentiated macrophages. 
To determine the effect of OHR/AVR118 on this activity, 
we monitored cellular uptake of FITC-labeled StaphA 
following culture for 48 h with PMA plus 5% OHR/ 
AVR118 or PBS. Surprisingly, OHR/AVR118 inhibited 
phagocytosis of FITC-labeled bacteria by PMA-activated 
U937 cells, indicating that OHR/AVR118 inhibits the 
pro-inflammatory responses of highly activated (mature) 
monocytic cells (Figure 7). OHR/AVR118 reduced the 
uptake the uptake of opsonized StaphA particles, as well 
as the percentage cells exhibiting uptake of opsonized 
and non-opsonized StaphA complexes. 

4. DISCUSSION 
Activated macrophages are important mediators of in-
flammatory responses to infectious agents [15]. Chronic 
activation of inflammatory macrophages, however, can 
lead to tissue damage in autoimmune diseases, such as  

 
Figure 7. Effect of OHR/AVR118 on PMA-activated U937 
phagocytosis of FITC-StaphA. PMA-U937 cells generated in 
the presence of 5% OHR/AVR118 or PBS were incubated with 
FITC-conjugated Staphylococcus aureus (StaphA) at 37˚C for 0, 
10, 20, and 30 min, and uptake of opsonized (A, C) and non- 
opsonized (B, D) particles was measured by flow cytometric. 
(A, B) Total cell-associated fluorescence intensity relative to 
incubation time at 37˚C (squares, OHR/AVR118; circles, PBS). 
(C, D) Percent FITC-StaphA-positive cells relative to incuba-
tion time at 37˚C (black bars, OHR/AVR118; gray bars, PBS). 
Results shown are representative of at least 6 independent ex-
periments. 
 
rheumatoid arthritis and systemic lupus erythematosus 
[16]. Evidence establishing a link between the innate and 
adaptive immune responses suggests that macrophages 
and dendritic cells are major mediators of immune sys-
tem balance, as shown by the identification of immuno-
suppressive macrophages in the “alternatively-activated 
macrophage” cell population [7,17,18]. Inhibitory recep-
tors are one class of proteins that regulate negative feed-
back signals to suppress chronic inflammatory responses 
[19]. Chemokines and cytokines can stimulate or inhibit 
inflammation, with the same molecule showing stimula-
tory or inhibitory activity under different conditions [20]. 
Our previous findings indicated that OHR/AVR118 can 
also stimulate or inhibit monocyte activity under differ-
ent conditions [5]. We therefore sought to identify the 
key molecular regulators in the switch-type monocyte/ 
macrophage response to OHR/AVR118. The results pre-
sented here provide further evidence that OHR/AVR118 
is a novel immunomodulatory drug, which can promote 
both pro- and anti-inflammatory phenotypes of mono-
cytes in culture. Our findings thus support a role for 
OHR/AVR118 as a homeostatic immune modulator of 
monocytic cells. 

Among the most important pro-inflammatory media-
tors are the chemokines IL-8 and MCP-1, which are 
produced primarily by cells of the monocyte/macrophage 
lineage and chemoattract immune system cells to the si- 
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tes of immune responses, with IL-8 mainly chemoat-
tracting neutrophils and MCP-1 monocytes/macrophages 
[21]. We previously showed that OHR/AVR118 enhan- 
ces MCP-1 secretion by unstimulated monocytes but in- 
hibits MCP-1 secretion by LPS-stimulated monocytes, 
suggesting that the activity of OHR/AVR118 on mono-
cytes depends on their maturation stage [5]. The results 
presented here, showing the effects of OHR/AVR118 on 
the secretion of other cytokines by LPS-stimulated mo-
nocytes, provide further evidence for the multiple, matu-
ration stage dependent effects of OHR/AVR118 on LPS- 
activated adherent monocytes.  

In testing the effects of OHR/AVR118 during the dif-
ferentiation of pro-monocytic U937 cells towards mature 
macrophages, we found that OHR/AVR118 enhanced the 
PMA-associated expression of many maturation markers 
characteristic of the macrophage phenotype and increa- 
sed the secretion of pro-inflammatory cytokines. In un-
differentiated U937 cells, OHR/AVR118 had no effect 
on StaphA phagocytosis or IL-10 secretion, but, follow-
ing activation and maturation, OHR/AVR118 inhibited 
phagocytosis of opsonized and non-opsonized StaphA 
and increased IL-10 secretion, providing further evidence 
that OHR/AVR118 inhibits the pro-inflammatory res-
ponses of mature monocytic cells. The dual immunomo-
dulatory activity of OHR/AVR118 is also supported by 
our findings on the effects of OHR/AVR118 on the se-
cretion of IL-6, a key modulator of immune system bal-
ance. We found that OHR/AVR118 increased IL-6 se-
cretion by PMA-activated U937 cells but markedly re-
duced its secretion by cells additionally stimulated with 
LPS. 

Phagocytosis is important in the regulation of immune 
responses to pathogens and to self-antigens [22]. FcR 
and TLR signaling are among the pathways that regulate 
phagocytosis in mononuclear macrophages and are es-
sential in both the innate and cellular immune responses 
[23]. We found that OHR/AVR118 increased the cell 
surface expression of FCγRII (CD32), a pro-inflamma- 
tory receptor that mediates phagocytosis, on PMA-pri- 
med U937 cells. Surprisingly, these same cells exhibited 
reduced phagocytic capacity, both in the percentage of 
phagocytic-competent cells as well as per-cell uptake of 
bacterial particles. This seemingly contradictory result 
may be due to the overall balance in expression of other 
types of FC receptors. Indeed, OHR/AVR118 decreased 
the expression of FCγRIII (CD64) by PMA-activated 
U937 cells. In addition, the balance in CD32 isoform ex- 
pression may change in response to drug treatment. Since 
one isoform, (FCγRII-A) stimulates, whereas the other 
(FCγRII-B), inhibits phagocytosis and Fc receptor sig-
naling in macrophages, the balanced expression of these 
isoforms is essential in balancing immune responses de-
pendent upon FCγRII signaling and phagocytosis, and 

imbalances have been implicated in autoimmune dys-
function [24-26]. Interestingly, studies using transgenic 
null mutants of FCγRII-B have demonstrated that this re- 
ceptor is involved in promoting strong cell-mediated res- 
ponses and immunological memory [27]. In preliminary 
experiments, we found that OHR/AVR118 increased 
FCγRII-B mRNA expression, but had no effect on 
FCγRII-A mRNA expression, and western blotting expe-
riments showed that AVR118 increased total CD32 and 
FCγRII-A protein expression (data not shown). 

The OHR/AVR118-induced reduction in phagocytic 
activity of PMA-stimulated U937 cells included the up-
take of non-opsonized particles; suggesting that OHR/ 
AVR118 affects other receptors involved in phagocytosis 
under non-opsonizing conditions. Mannose and CD163 
scavenger receptors were not expressed by these cells 
(data not shown), but we observed OHR/AVR118-asso- 
ciated increased surface expression of CD88 (C5a re-
ceptor) and decreased expression of CD36 scavenger 
receptor. Inhibition of chronic phagocytic activity would 
be an advantage in controlling an over-stimulated im-
mune response and restoring immune homeostasis. Our 
finding, that OHR/AVR118 inhibited IL-12 secretion by 
activated monocytes, is consonant with its inhibition of 
the development of experimental allergic encephalitis 
and adjuvant arthritis in rats (L. Cahalon, I. Cohen, un-
published results). Increased production of IL-12 has 
been found to be important in mediating inflammatory 
responses in these animal models [28,29]. 

OHR/AVR118 showed an unexpected dichotomy on 
the secretion of pro-inflammatory IL-12 and GM-CSF by 
LPS-activated monocytes. Secretion of these cytokines is 
usually concordant [30]. The OHR/AVR118-induced in- 
hibition of IL-12 secretion may be fundamental to its 
dual immunomodulatory properties, in that increased 
production of IL-12 may commit the immune system to 
an inflammatory response not easily reversed or mod-
ulated. Inhibition of IL-12 secretion may allow OHR/ 
AVR118 to cycle pro-inflammatory responses between 
activated or suppressed states. Interestingly, OHR/AVR- 
118 reduced IL-12 secretion by both LPS-activated and 
IL-4/GM-CSF stimulated monocytes. 

The differential effects of an immunomodulator such 
as OHR/AVR118 on the secretion of chemokines/cyto- 
kines should not be surprising in light of the broad ef-
fects of immunomodulators on immune function. Further 
work is needed to identify the activation phenotype ob-
served with OHR/AVR118, as well as to understand the 
mechanisms that regulate the maturation pathway of ac-
tivated macrophages. The dual function of OHR/AVR- 
118 may serve to restore immune homeostasis. OHR/ 
AVR118 may therefore prove valuable in treating ill-
nesses that require the stimulation of pro-inflammatory 
responses, such as cancers, as well as illnesses that re-
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quire the inhibition of aberrant inflammatory responses, 
such as autoimmune diseases. 
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