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Abstract

Myeloid suppressor cells with high arginase activity are found
in tumors and spleen of mice with colon and lung cancer.
These cells, described as macrophages or immature dendritic
cells, deplete arginine and impair T cell proliferation and
cytokine production. Although arginase activity has been
described in cancer patients, it is thought to originate from
tumor cells metabolizing arginine to ornithine needed to
sustain rapid cell proliferation. The goal of this study was to
determine whether myeloid suppressor cells producing high
arginase existed in renal cell carcinoma patients. Peripheral
blood mononuclear cells from 123 patients with metastatic
renal cell carcinoma, prior to treatment, were found to have a
significantly increased arginase activity. These patients had a
markedly decreased cytokine production and expressed low
levels of T cell receptor CD3~ chain. Cell separation studies
showed that the increased arginase activity was limited to a
specific subset of CD11b+, CD14�, CD15+ cells with a
polymorphonuclear granulocyte morphology and markers,
instead of macrophages or dendritic cells described in mouse
models. Furthermore, these patients had low levels of arginine
and high levels of ornithine in plasma. Depletion of the
CD11b+, CD14� myeloid suppressor cells reestablished T cell
proliferation and CD3~ chain expression. These results
showed, for the first time, the existence of suppressor myeloid
cells producing arginase in human cancer patients. In
addition, it supports the concept that blocking arginase may
be an important step in the success of immunotherapy.
(Cancer Res 2005; 65(8): 3044-8)

Introduction

Immunotherapy with cytokines is a standard of treatment in
renal cell carcinoma (RCC) patients. Unfortunately, only 5% to
20% respond to treatment. Tumor-induced anergy may in part
explain the low response rates. However, the mechanisms of
immune dysfunction in cancer patients remain unclear.
Suppressor myeloid cells with high arginase activity, recently
described in mice with cancer, deplete arginine from the
microenvironment profoundly inhibiting T cell proliferation,
cytokine production, and the expression of T cell receptor

CD3~ chain (1, 2). We asked whether a similar mechanism was
present in patients. In collaboration with the Cytokine Working
Group, we studied peripheral blood mononuclear cells (PBMC)
from 123 patients with metastatic RCC, collected prior to
treatment. Results showed high arginase activity in PBMC
compared with normal controls. Additional studies in 15 new
patients determined the types of cells producing arginase and
their effect on arginine and ornithine levels and T cell
function.

Materials and Methods (details in Supplemental
Information)

Samples. Frozen pretreatment PBMC from 123 metastatic RCC patients

participating in a Cytokine Working Group trial (3) and 33 normal controls

with similar age and gender distributions were initially studied. Additional
samples from 15 new RCC patients and 10 normal controls were used for

cell separation studies at a later time.

Flow cytometry. Surface markers for T cells, natural killer cells,

monocytes, dendritic cells, and polymorphonuclear granulocytes were
tested. Results were expressed as the percentage of positive cells and mean

fluorescence intensity.

Arginase activity. Cytoplasmic extracts of PBMC and purified sub-

populations from 118 patients were tested for arginase expression byWestern
blot and arginase activity by conversion of L-arginine to L-ornithine

(nanomoles of ornithine per million cells per hour), described elsewhere (2).

RT-PCR. RNA from 2 � 106 PBMC or purified cell subsets were
extracted, treated with DNase I (Invitrogen, Carlsbad, CA), and reverse-

transcribed using Superscript II. PCR amplification was done using primers

for arginase I, indoleamine 2,3-dioxygenase (IDO), and h-actin (see

Supplemental data for sequences). Fragment sizes: arginase I, 466 bp;
IDO, 413 bp; and h-actin, 661 bp. PCR products were visualized in ethidium

bromide agarose gel.

Western blots. Thirty micrograms of cell lysates were electrophoresed in

10% Tris-glycine gels, transferred to polyvinylidene difluoride membranes,

and immunoblotted with anti-human-arginase I, arginase II (Santa Cruz

Biotechnology, Santa Cruz, CA) and glyceraldehyde-3-phosphate dehydro-
genase (RDI, Flanders, NJ).

L-Arginine and L-ornithine serum levels. High-performance liquid

chromatography with electrochemical detection was done using an ESA-

CoulArray Model 540, with an 80 � 3.2 column with 120 Å pore size (4).
Plasma was deproteinized and derivatized with 0.2 mol/L orthopthaldial-

dehyde/h-mercaptoethanol. Fifty microliters were injected per sample.

Standards of L-arginine and ornithine in methanol were run with each
experiment.

Cytokine production and cell proliferation. PBMC were stimulated

with anti-CD3 (30 ng/mL) plus anti-CD28 (100 ng/mL), supernatants were

collected at 48 and 72 hours and cytokines measured using the Th1/Th2
panel Bio-Plex assay (Bio-Rad, Hercules, CA) following the manufacturer’s

instructions. T cell proliferation was measured by changes in fluorescence

using carboxy-fluoresceindiacetate succinimidyl ester.

Note: Supplementary data for this article are available at Cancer Research Online
(http://cancerres.aacrjournals.org/).
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Statistics. Differences between the groups were determined by

Wilcoxon’s rank sum test. Relationships between two variables were

quantified by Spearman’s rank correlation coefficient.

Results

We initially tested PBMC from 123 metastatic RCC patients
collected before the start of treatment. A highly significant
(P < 0.01) increase in arginase activity was seen in patient’s
PBMC (mean = 128.5 F 130.0, range = 0-654.8) compared with
controls (mean = 32.6 F 48.6, range = 0-182; Fig. 1A). This was
accompanied by a decreased CD3~ chain expression (mean
fluorescence intensity = 21.39 versus control mean fluorescence

intensity = 35.4, P < 0.01; Fig. 1B) and a diminished production
of IFN-g and IL-2 (Fig. 1C) and IL-4 and IL-10 (Supplemental
Information, Fig. 1) after stimulation with anti-CD3+ anti-D28.
These results could not be readily explained by major differences
in the distribution of cell subpopulations or an increased
apoptosis of T cells (data not shown). Unfortunately, additional
samples from these initial patients were not available. Therefore,
15 newly diagnosed RCC patients were added for further
research.
Previous reports suggested that increased arginase in cancer

patients came from tumor cells metabolizing arginine to poly-
amines needed to sustain rapid cell proliferation (5). Murine
models suggested instead that it came from macrophages
infiltrating tumors or immature myeloid cells in spleen (2, 6).
The role of these cells in patients was unknown. Patient’s PBMC
showed a significant increase in a CD11b+,CD14� subset of cells
(P = 0.037, Fig. 2A), which accounted for the majority of cells in
the monocyte flow cytometry gate, compared with normal
controls (Fig. 2B). Phenotyping revealed that CD11b+,CD14�
cells also expressed CD15, but were negative for CD80, CD83,
CD86, MHC II, and CD11a (Fig. 2C , bottom), in contrast to
mature monocytes from patients or controls (Fig. 2C , top).
Interestingly, Giemsa staining of the CD11b+,CD14� arginase-
producing cells revealed a polymorphonuclear granulocyte
morphology distinct from the mononuclear CD11b+,CD14+
monocytes (Fig. 2D).
Consequently, an increased arginase I expression was found in

freshly isolated patient’s PBMC (Fig. 3A ), specifically in
CD11b+,CD14� cells, but not in CD11b+,CD14+ mature mono-
cytes (Fig. 3B). Statistical analysis, of 15 new patients tested
showed a positive correlation between the percentage of
CD11b+,CD14� cells in peripheral blood and arginase activity
(r = 0.9833, Fig. 3C), and a negative correlation between arginase
activity and CD3~ chain expression (r = �0.8167, Fig. 3D).
Arginase metabolizes arginine to ornithine. Plasma arginine levels
were decreased in the 15 additional patients studied (mean =
28.48 F 32.51 Amol/L) compared with controls (mean = 90.0 F
15.56 Amol/L, P < 0.025). Conversely, ornithine levels were
increased in patients (172.1 F 61.01) compared with controls
(81.5 F 26.16, P < 0.001; Fig. 3E).
Other mechanisms of immunosuppression including IDO were

not detected in CD11b+,CD14� cells by RT-PCR (Supplemental
Information, Fig. 2). Both CD11b+,CD14� suppressor myeloid cells
and CD11b+,CD14+ monocytes produced similar amounts of H2O2

at rest and upon stimulation with phorbol 12-myristate 13-acetate
(data not shown), suggesting that this was not the principal
suppressor mechanism of these cells.
Depletion of CD11b+ cells, but not CD14+ cells reestablished

proliferation (Fig. 4A), cytokine production (Fig. 4B), and CD3~
chain expression (Fig. 4C). Representative data from one of three
patient samples depleted of CD11b+ or CD14+ cells (Fig. 4) show
that 48 hours after depletion and stimulation with anti-CD3 + anti-
CD28, only cells depleted of CD11b+ myeloid suppressor cells
recovered the capacity to proliferate and produce IFN-g,
while those depleted of CD14+ cells did not (Fig. 4A and B).
Furthermore, CD3~ chain expression was reexpressed 48 to 72
hours after depletion of the CD11b+ myeloid suppressor cells (but
not the CD14+ cells) and culture in medium with physiologic
concentrations of arginine (150 Amol/L, Fig. 4C). Similar results
were obtained when depleting with anti-CD15, also expressed in
the myeloid suppressor subpopulation (data not shown).

Figure 1. PBMC from 123 patients and 33 normal controls were tested for
arginase activity (A) and CD3~ expression (B). Cytokine production by PBMC
from 49 RCC patients and 15 normal controls were tested at 48 hours after
stimulation with anti-CD3 + anti-CD28 (C ).
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Discussion

The mechanisms of tumor-induced T cell anergy in patients
remains incompletely understood. Potential mechanisms include T
cell apoptosis (7), regulatory T cells (8), and H2O2 (9) and IDO (10)
production by immature dendritic cells. Myeloid suppressor cells
found in the spleen of mice with colon cancer block T cell function
through nitric oxide and arginase production, requiring cell-cell
contact (11, 12). Recently, Rodrı́guez et al. (2) characterized highly
suppressive myeloid cells infiltrating mouse lung carcinomas,
which had high arginase activity and rapidly depleted arginine,
blocking T cell proliferation, cytokine production, and CD3~ chain
expression. They did not produce H2O2, NO, or IDO. Blocking
arginase eliminated the suppressor function in vitro and induced
an antitumor effect in vivo .
In this article, we report for the first time the existence of

myeloid suppressor cells with high arginase activity in RCC
patients. Interestingly, the arginase-producing cells in RCC are
polymorphonuclear cells and not macrophages or immature
dendritic cells as suggested in murine tumor models. It is likely
that these represent a subpopulation of myeloid cells induced by
tumor-derived factors as suggested by Gabrilovich (13). Although
their morphology and cell markers are those of polymorphonuclear
cells, they could represent an immature stage of myeloid
differentiation such as promonocytes, myelocytes, metamyelocytes,

and even immature dendritic cells. Suppressor polymorphonuclear
cells were described by Schmielau and Finn (9) in pancreatic
cancer patients. These cells produced H2O2, but were not tested for
arginase. Recently Munder et al. (14) reported that granulocytes
can produce arginase I as a potent antifungal mechanism.
How low does arginine have to be to impair T cell function?

Arginine concentrations <60 Amol/L decrease T cell proliferation,
cytokine production, and CD3~ expression in vitro (15). Trauma
patients, who rapidly increase arginase activity in PBMC, profound-

ly deplete arginine to 0 to 50 Amol/L (normal levels range 50-150
Amol/L), resulting in T cell anergy and loss of CD3~ (16, 17).

Therefore, arginase producing cells may decrease arginine levels in
circulation, a phenomenon that may be more profound in the tumor
or lymphoid organ microenvironment where these cells are also

found. Unfortunately, replenishment of arginine alone does not
seem to be a simple solution. Although arginine replenishment does
reestablish CD3~ chain expression, it may also stimulate tumor

growth (2, 18). Therefore, depletion of CD11b+,CD14� suppressor
cells, or inhibition of the signals that induce arginase 1 in these cells
may be an alternative approach. Depletion of CD11b+ cells does

indeed reestablish T cell proliferation (Fig. 4A) and reexpression of
CD3~ chain. The latter experiments were done in physiologic levels of
arginine (150 Amol/L), because standard RPMI has very high

concentrations of this amino acid (1 mmol/L) which will cause

Figure 2. Additional flow cytometry studies
done in seven RCC patients and seven
normal controls showed an increased
CD11b+,CD14� subpopulation in PBMC
(A) and the monocytes gate (B) of RCC
patients compared with normal controls.
Giemsa staining of CD11b+,CD14� cells
showed polymorphonuclear morphology
(C ) compared with the mononuclear
morphology of CD11b+CD14+ monocytes
both cells from RCC patients. D, separation
and phenotyping of the CD11b+,CD14�
and CD11b+,CD14+ subpopulations from
patients.
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CD3~ reexpression even in the presence of arginase-producing
suppressor myeloid cells.
In summary, regulation of the immune response by depletion of

specific amino acids including tryptophan by IDO (10) and

arginine by arginase seems to be an important mechanism for
tumor evasion. These mechanisms may provide new approaches
to block suppressor mechanisms and enhance the therapeutic
effect of immunotherapy.

Figure 3. A, arginase expression by Western blotting was present in the PBMC of RCC patients. Representative data from three of seven patients tested. B, arginase
activity was limited to CD11b+,CD14� cells. C, analysis by Spearman’s rank correlation shows a positive correlation between percent CD11b+,CD14� cells and
arginase activity, and a negative correlation between arginase activity and CD3~ chain expression in peripheral blood T cells in 15 RCC patients tested (D ). Arginine and
ornithine levels measured in plasma from 15 RCC patients and 7 normal controls (E).

Figure 4. PBMC from RCC patients were
depleted of CD11b cells (CD11b-D) or
CD14 cells (CD14-D) and stimulated with
anti-CD3 + anti-CD28. Representative data
from one of three patient samples depleted
of suppressor myeloid cells. Proliferation
was measured by carboxyfluorescein
diacetate succinimidyl ester fluorescence
(A) and cytokine production (B ) were
measured at 24, 48, and 72 hours. Results
at 48 hours from one of three patient
samples tested. C, CD3~ chain was tested
after depletion of CD11b+ or CD14+ cells
and culture in RPMI with physiologic levels
of arginine (50 Amol/L) without stimulation.
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