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AUSENCIA DE EXPRESION DE CD137 (4-1BB) EN CELULAS MIELOIDES SUPRESORAS

RESUMEN

Las células mieloides supresoras (Myeloid-derived suppressor
cells, MDSC) pertenecen a un subtipo de leucocitos causantes de
inmunosupresién en individuos portadores de tumor. En rato-
nes, estas células han sido definidas como CD11b*GR1+IL-4Rai*
y, debido a la presencia de tumores en modelos experimentales,
se acumulan tanto en la lesién tumoral como en los 6rganos lin-
foides.

CD137 (4-1BB) es un receptor de coestimulo de la familia de
receptores del factor de necrosis tumoral (TNF) principalmente
expresado sobre la membrana de linfocitos T y de células NK
(Natural Killer) activados, aunque también se encuentra en la super-
ficie de otros leucocitos de estirpe mieloide como mastocitos, gra-
nulocitos, macréfagos, células dendriticas y endotelio. Anticuer-
pos agonistas frente a CD137 incrementan la respuesta inmune
antitumoral potenciando los CTLs antitumorales. En este traba-
jo, células de carcinoma de colon C26 transfectadas para expre-
sar GM-CSF se inocularon por via subcutanea a ratones singéni-
cos debido a sus propiedades inductoras de un gran aumento en
el nimero de las MDSCs. Mediante citometria de flujo multico-
lor hemos confirmado un notable aumento en el ntimero de estas
células CD11b*GR1*IL-4Ra* tanto en el estroma tumoral como
en el bazo de los ratones portadores de tumor. La expresion de
CD137 en este subtipo celular sin embargo, mostré resultados
negativos. Por tanto, se pueden excluir los efectos directos de los
mAbs sobre MDSCs como mecanismo de accion de la inmunote-
rapia con anticuerpos anti-CD137. Segtin esto las terapias diri-
gidas a disminuir el ntimero o funcién de MDSCs podrian siner-
gizar con anticuerpos inmunoterapéuticos anti-CD137 ya que
actian sobre dianas diferentes.
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ABSTRACT

Myeloid-derived suppressor cells (MDSC) are a subset of
leukocytes associated with local and systemic T-cell immuno-
suppression in tumor-bearing hosts. In mice these cells are best
defined as CD11b*GR1*IL-4Ra* and their numbers increase in
response to the presence of an experimental malignancy both at
the tumor lesion and in lymphoid organs. CD137 is a co-stimu-
latory receptor that belongs to the tumor necrosis factor (TNF)
receptor family characteristically expressed on activated T cells
and NK cells. Its expression has also been reported on myeloid
cells such as mastocytes, granulocytes, macrophages, dendritic
cells, and on endothelium. Agonist antibodies against CD137 are
known to increase the antitumor immune response through aug-
menting the intensity of antitumor CTLs. In this study C26 colon
carcinoma cells transfected to express GM-CSF were subcuta-
neously implanted in syngeneic mice because of its properties as
the most potent inducer of MDSCs. Indeed, multicolor flow cytom-
etry confirmed a dramatic numeric increase in CD11b*GR1+IL-
4Rar cells both in the tumor stroma and in the spleen of tumor-
bearing mice. Analysis of CD137 expression on this cell subset
rendered completely negative results. Therefore direct effects of
immunotherapeutic anti-CD137 monoclonal antibodies on MDSCs
can be excluded as a mechanism of action, thus indicating that
therapies aimed at decreasing MDSCs might synergize with
immunotherapeutic anti-CD137 antibody as a result of dealing
with different targets.
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INTRODUCTION

Myelopoiesis in tumor bearing hosts is altered in such a
way that an immunosuppresive cellular subset is increased
in the bone marrow, lymphoid tissue and tumor stroma®?.
These myeloid-derived suppressor cells (MDSCs) are considered
immature myeloid precursors that accumulate in tumor
bearing hosts( ?. The main activity of MDSCs is contact-
dependent inhibition of CD8* T cells specific to peptide
antigens presented by MHC-I presented on MDSCs®. The
result is antigen specific T cell tolerance that seems to imply
anergy rather than T-cell apoptosis. MDSCs share surface
markers with granulocytes and respond to GM-CSF. The
classical definition for MDSCs in mice is CD11b* GR1* myeloid
cells that can induce T-cell unresponsiveness. The presence
of the IL-4Ra-chain further identifies this population and
confers responsiveness to IL-13®. This point is highlighted
by the observation that MDSCs are not suppressive in
mice with genetic alterations in IL-13/IL-4Ra cytokine
pathways®”. The molecular mechanism of action of MDSCs
to suppress T-cell function is still a matter of debate and
seems to be multifaceted(-2. L-arginine metabolism is involved
and, importantly, the activity of arginase in these cells is
critical for their function in cooperation with the synthesis
of oxygen free radicals and nitric oxide®“3?. Recently an
elegant paper showed that nitration under oxidative stress
of the TCR and the CD8 molecules of a T cell contacting with
MDSCs is involved in anergy induction®. From an experimental
point of view, it has been observed that MDSCs accumulate
up to astonishing numbers in mice bearing the C26 colon
carcinoma transfected to produce GM-CSF®. In sharp contrast
to many examples in which GM-CSF transfection leads to
antitumor immunity via stimulation of dendritic cells
presentation, GM-CSF enhances the growth rate of GM-CSF
(26 transfectants as a result of MDSCs function® 10.

In humans it is known that tumor associated macrophages
favour tumor growth and locally repress cellular immunity
(11). However the exact nature of MDSCs in humans is less
well defined and many nomenclature issues arise®. In spite
of this confusion, interesting observations suggest also a
role for L-arginine metabolism in human cancer patients®.

4-1BB (CD137) is a member of the TNF receptor family
involved in costimulation of T cells®?. Ligation of 4-1BB
with agonistic antibodies costimulates T cells in vitro and
potently increased antitumor and antiviral CTL responses
in vivo™. To a lesser extent, tumor immunity can be enhanced
by transfecting tumor cells to express the natural ligand (4-
1BBL or CD137L) or a membrane-bound anti-CD137 single
chain antibody The mechanism of action of the antitumor
effects are ascribed to CD8+ T cell and NK cell stimulation,
but other cellular players also expressing 4-1BB can not be
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excluded at the present point of time. Impressive therapeutic
data in mice™ have driven a humanized anti-CD137 antibody
into clinical trials (ClinicalTrials.gov Identifiers: NCT00461110,
NCT00351325, NCT00309023). Intriguingly, anti CD137
treatments in mice have shown potential to ameliorate CD4+
T cell-mediated autoimmune conditions through not well
understood mechanisms involving the repression of self
reactive CD4* T cells in vivot1617),

4-1BB (CD137) is also expressed in various non-lymphoid
bone marrow derived cells. For instance, it is expressed
on activated dendritic cells"®, proangiogenic endothelium,
mastocytes® and reportedly on granulocytes?2 (which
are phenotipically close relatives of MDSCs). Therefore we
reasoned that MDSCs might express 4-1BB and that ligation
of CD137 on these cells might interfere with their suppressive
function. However, conclusive multicolour flow cytometry
negative results exclude mouse MDSCs as a site of action
of anti-CD137 mAbs in tumor immunotherapy.

MATERIALS AND METHODS

Cell line

The C26-GM cell line was derived from the C26 colon
carcinoma (H-2d) genetically modified to release GM-CSF,
and was a kind gift from Dr. Mario Colombo (Milano, Italy)®.
C26-GM cells used in this study produced GM-CSF at levels
of 10-15 ng/ml from 106 cells in 48 hours. These cell lines
were grown in RPMI 1640 + Glutamax (GIBCO), 50 ug/ml
2-mercaptoethanol, 100 U/ml penicillin, 100 ng/ml
streptomycin, and 10% heat-inactivated FBS (SIGMA).

Mice and tumor induction

BALB/c mice (6-10 weeks old) were purchased from
Harlan Laboratories (Barcelona, Spain). Mice were inoculated
s.c. on the right flank with 5x105 C26-GM tumor cells. All
animal procedures were conducted under institutional
guidelines that comply with national laws and policies.
Tumor diameters were monitored with a precision caliper(?.

Cell isolation

Tumor-bearing or tumor-free mice were sacrificed and
their spleens and tumor explants were harvested under
sterile conditions. Splenocytes were isolated from both tumor
bearing and tumor free mice at the indicated time points.
Briefly, spleens were incubated in collagenase and DNAse
(Roche, Basel, Switzerland) for 15 min at 37°C, and spleens
were mechanically disrupted before being passed through
a sterile 70 um nylon mesh filter (BD Falcon, San Jose, CA).
Erythrocytes were lysed with ACK buffer. Tumor nodules
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Figure 1. GM-CSF-producing C26 tumors cause the accumulation of MDSCs in syngeneic mice. a) Two color FACS analysis of the co-expression of CD11b
and GR1 or IL-4R- on cell suspensions obtained from tumor nodules and spleens either from tumor bearing or healthy syngeneic BALB/c mice 8 to 10 days
after tumor inoculation. b) Percentages of cells that coexpress CD11b and GR1 or IL-4Ro. were significantly increased in tumor bearing (TB) versus naive (N)

mice (* P <0.05; ** P <0.001 using Student’s t-test). Data are the mean + SEM from 3 experiments.

were similarly processed and both cell suspensions were
plated for FACS staining.

Antibodies and flow cytometry

Cells isolated from tumor or spleens (10° per sample) were
pre-treated with anti-CD16/32 (clone 2.4G2; BD Biosciences-
Pharmingen) to reduce non-specific staining. The following
monoclonal antibodies were used for flow cytometry staining:
fluorescein isothiocyanate (FITC)-conjugated rat anti-mouse
CD11b (M1/70; eBioscience), biotin-conjugated rat anti-mouse
IL4Ro: (mIL4R-M1; BD Biosciences-Pharmingen), phycoerythrin
(PE)-conjugated hamster anti-mouse CD137 (17B5) and
appropriate isotype control (BD Biosciences). Biotinylated
antibodies were visualized with allophycocyanin (APC)-

conjugated Streptavidin (BD Biosciences). Labeled cells were
analyzed on a FACSCalibur flow cytometer with the use of
CellQuest software (BD Biosciences).

RESULTS

CD11b*GR1+IL-4Ro cells intensely accumulated
in mice harboring C26-GM

As an experimental model to study tumor-related MDSCs,
we subcutaneously inoculated mice with 5x10° cells from
a C26 stably transfected to express GM-CSF at high levels,
as described by Mario Colombo and coworkers®. Tumor
nodules formed at the site of injection at day 4-5 after
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Figure 2. MDSCs do not express surface CD137. a) Analysis of CD137 expression in FACS histograms from cells electronically gated as CD11b*GR1+ or
CD11b*IL-4Ra. b) Expression of surface CD137 on CD3+*CD8* gated cells from cultures of BALB/c splenocytes stimulated with a combination of anti-CD3

and anti-CD28 monoclonal antibodies.

inoculation of cancer cells and steadly progressed to 4 to 8
mm of diameter at day 9. At this stage mice were euthanized
and cell suspensions were obtained from the spleen and the
tumor. These cells suspensions were stained with antibodies
marking CD11b, GR1 and IL-4Ra.. When compared to
splenocytes of littermate healthy mice we could notice a
strong augment of cells depicting a MDSCs phenotype
(Figure 1a). Upon comparative quantitative analysis of a
series of mice (n=5) statistical differences (Figure 1b) in
agreement to published reports were observed.

Myeloid-derived suppressor cells fail to express
surface CD137

The abundance of MDSCs in C26-GM tumor bearing mice
permitted multicolor flow cytometry on this gated population
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in order to study the surface expression of additional differentiation
antigens. Repeated immunostainings showed completely
undetectable expression of 4-1BB (CD137) on the surface of
CD11b* GR1+* / CD11b* IL-4Ro:+ cells from tumor bearing mice
using various isotype matched negative controls also tagged
with PE (Figure 2a). Similar negative data were observed from
comparable cells in healthy mice probably reflecting granulocytes
(not shown). As a positive control to exclude the possibility
that the anti-4-1BB antibody were not functioning staining of
activated T cells was carried out in parallel. Spleen cells were
activated in culture with a combination of anti-CD3 and CD28
monoclonal antibodies for 24 hours and we readily detected
expression of 4-1BB in CD3+ CD8* gated T cells (Figure 2b).
Accordingly, we can exclude expression of CD137 on MDSCs
from tumor bearing mice at a level detectable by FACS.
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DISCUSSION

This study was aimed at exploring as to whether CD137
(4-1BB) could be a suitable target for immunostimulatory
monoclonal antibodies in MDSCs. If that hypothesis had been
correct, we would have added another mechanism of action
to explain the anti-CD137 mAbs therapeutic effects, postulating
an inhibitory effect on MDSCs activity. This could have been
anticipated from the activity of anti-CD137 mAb on mastocytes®
that might be involved in the amelioration of murine asthma
models upon anti-CD137 treatment®. Absence of CD137 in
MDSCs came as a surprise because its expression had been
reported in granulocytes?). However, we do not detect CD137
expression on CD11b* GR1+ IL-4Ra* cells from spleens of
healthy mice that should contain granulocytes.

Our results confirm the dramatic accumulation of MDSCs
in mice bearing C26-GM tumors both in lymphoid organs and
in the tumor stroma®. Under these conditions the study of this
immunosuppressive population is greatly simplified and would
have permitted a detailed functional study of CD137 if it were
expressed. However, it is still formally possible that a small
number of CD137 molecules under the threshold of detection
of sensitive of flow cytometry techniques could play an unlikely
functional role during anti-CD137 mAb treatment.

Nonetheless, the news on the lack of CD137 expression
on MDSCs encompass the important corollary of possible
synergies between anti MDSCs® and anti-CD137 and targeted
therapies. This is based on the fact that they would be
independent targets sharing a common mechanism of action
as they involve antitumor cellular immunity as the final
effector therapeutic activity.

ACKNOWLEDGMENTS

Financial support was from Ministerio de Educacion y
Ciencia (MEC-SAF2005-03131), Departamento de Educacion
del Gobierno de Navarra, Redes tematicas de investigacién
cooperativa and “UTE for project FIMA”.

DISCLOSURES
Ignacio Melero consults for Bristol Myers Squibb in the
field of development of CD137 therapy.

CORRESPONDENCE TO:

Ignacio Melero, MD, PhD.

Centro de Investigacién Médica Aplicada (CIMA)
University of Navarra

Avda. Pio XII, 55

31008 Pamplona, Spain

Fax: 34-948 194 717. E-mail: imelero@unav.es

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Sica A, Bronte V. Altered macrophage differentiation and immune
dysfunction in tumor development. ] Clin Invest 2007; 117:
1155-1166.

Rabinovich GA, Gabrilovich D, Sotomayor EM. Inmunosuppressive
strategies that are mediated by tumor cells. Annu Rev Immunol
2007; 25: 267-296.

Gabrilovich DI, Bronte V, Chen SH, Colombo MP, Ochoa A,
Ostrand-Rosenberg S, Schreiber H. The terminology issue for
myeloid-derived suppressor cells. Cancer Res 2007; 67: 425; author
reply 426.

Nagaraj S, Gupta K, Pisarev V, Kinarsky L, Sherman S, Kang L,
etal. Altered recognition of antigen is a mechanism of CD8* T cell
tolerance in cancer. Nat Med 2007; 13: 828-835.

Gallina G, Dolcetti L, Serafini P, De Santo C, Marigo I, Colombo
MP, et al. Tumors induce a subset of inflammatory monocytes
with immunosuppressive activity on CD8* T cells. ] Clin Invest
2006; 116: 2777-2790.

Sinha P, Clements VK, Ostrand-Rosenberg S. Interleukin-13-
regulated M2 macrophages in combination with myeloid suppressor
cells block immune surveillance against metastasis. Cancer Res
2005; 65: 11743-11751.

Terabe M, Matsui S, Noben-Trauth N, Chen H, Watson C, Donaldson
DD, et al. NKT cell-mediated repression of tumor immunosurveillance
by IL-13 and the IL-4R-STAT6 pathway. Nat Immunol 2000; 1:
515-520.

Ochoa AC, Zea AH, Hernandez C, Rodriguez PC. Arginase,
prostaglandins, and myeloid-derived suppressor cells in renal
cell carcinoma. Clin Cancer Res 2007; 13: 721s-726s.

Bronte V, Zanovello P. Regulation of immune responses by L-
arginine metabolism. Nat Rev Immunol 2005; 5: 641-654.
Parmiani G, Castelli C, Pilla L, Santinami M, Colombo MP, Rivoltini
L. Opposite immune functions of GM-CSF administered as vaccine
adjuvant in cancer patients. Ann Oncol 2007; 18: 226-232.
Mantovani A, Schioppa T, Porta C, Allavena P, Sica A. Role of
tumor-associated macrophages in tumor progression and invasion.
Cancer Metastasis Rev 2007; 25: 315-322.

Watts TH. TNF/TNEFR family members in costimulation of T cell
responses. Annu Rev Immunol 2005; 23: 23-68.

Melero I, Shuford WW, Newby SA, Aruffo A, Ledbetter JA,
Hellstrom KE, et al. Monoclonal antibodies against the 4-1BB T-
cell activation molecule eradicate established tumors. Nat Med
1997; 3: 682-685.

Melero I, Bach N, Hellstrom KE, Aruffo A, Mittler RS, Chen L.
Amplification of tumor immunity by gene transfer of the co-
stimulatory 4-1BB ligand: synergy with the CD28 co-stimulatory
pathway. Eur ] Immunol 1998; 28: 1116-1121.

Uno T, Takeda K, Kojima Y, Yoshizawa H, Akiba H, Mittler RS,
et al. Eradication of established tumors in mice by a combination
antibody-based therapy. Nat Med 2006; 12: 693-698.

Seo SK, Choi JH, Kim YH, cKang WJ, Park HY, Suh JH, et al. 4-
1BB-mediated immunotherapy of rheumatoid arthritis. Nat Med
2004; 10: 1088-1094.

Sun Y, Lin X, Chen HM, Wu Q, Subudhi SK, Chen L, Fu YX.
Administration of agonistic anti-4-1BB monoclonal antibody leads
to the amelioration of experimental autoimmune encephalomyelitis.
J Immunol 2002; 168: 1457-1465.

125



ABSENCE OF SURFACE EXPRESSION OF CD137 (4-1BB) ON MYELOID-DERIVED SUPPRESSOR CELLS

VoL. 26 Num. 3/ 2007

18.

19.

20.

21.

126

Wilcox RA, Chapoval Al, Gorski KS, Otsuji M, Shin T, Flies DB,
et al. Cutting edge: Expression of functional CD137 receptor by
dendritic cells. ] Immunol 2002; 168: 4262-4267.

Seaman S, Stevens ], Yang MY, Logsdon D, Graff-Cherry C, St
Croix B. Genes that distinguish physiological and pathological
angiogenesis. Cancer Cell 2007; 11: 539-554.

Nishimoto H, Lee SW, Hong H, Potter KG, Maeda-Yamamoto M,
Kinoshita T, et al. Costimulation of mast cells by 4-1BB, a member
of the tumor necrosis factor receptor superfamily, with the high-
affinity IgE receptor. Blood 2005; 106: 4241-4248.

Heinisch IV, Daigle I, Knopfli B, Simon HU. CD137 activation
abrogates granulocyte-macrophage colony-stimulating factor-

22.

23.

24.

mediated anti-apoptosis in neutrophils. Eur ] Immunol 2000; 30:
3441-3446.

Heinisch IV, Bizer C, Volgger W, Simon HU. Functional CD137
receptors are expressed by eosinophils from patients with IgE-
mediated allergic responses but not by eosinophils from patients
with non-IgE-mediated eosinophilic disorders. ] Allergy Clin
Immunol 2001; 108: 21-28.

Simon HU. Evidence for a pro-apoptotic function of CD137 in
granulocytes. Swiss Med Wkly 2001; 131: 455-458.

Polte T, Foell ], Werner C, Hoymann HG, Braun A, Burdach S, et
al. CD137-mediated immunotherapy for allergic asthma. ] Clin
Invest 2007; 116: 1025-1036.





