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Abstract

Maintenance of CTL-, Thl-, and NK cell-mediated type-1 immunity is essential for effective
antitumor responses. Unexpectedly, we observed that the critical soluble mediators of type-1
immune effector cells, IFNy and TNFa, synergize in the induction of cyclooxygenase 2 (COX2),
the key enzyme in prostaglandin (PG)E, synthesis, and the subsequent hyperactivation of myeloid-
derived suppressor cells (MDSCs) within the tumor microenvironment (TME) of ovarian cancer
patients. MDSC hyperactivation by type-1 immunity and the resultant overexpression of
indoleamine 2,3-dioxygenase (IDO), inducible nitric oxide synthase (iINOS/NOS2), IL10, and
additional COX2 result in strong feedback suppression of type-1 immune responses. This
paradoxical immune-suppression driven by type-1 immune cell activation was found to depend on
the synergistic action of IFNy and TNFa, and could not be reproduced by either of these factors
alone. Importantly from a therapeutic standpoint, this negative feedback limiting type-1 responses
could be eliminated by COX2 blockade, allowing amplification of type-1 immunity in the ovarian
cancer TME. Our data demonstrate a new mechanism underlying the self-limiting nature of type-1
immunity in the human tumor microenvironment, driven by the synergistic induction of COX2 by
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IFNy and TNFa, and provide rationale for targeting the COX2-PGE; axis to enhance the
effectiveness of cancer immunotherapies.
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Introduction

Type-1 immunity, characterized by the development of cytotoxic CD8* T cell (CTL), type-1
helper CD4* T cell (Th1), and natural killer (NK) cell responses producing IFNy and TNFa,
have been shown to be essential for effective antitumor immunity (1-3). Driven by the
strong positive prognostic relevance of intratumoral type-1 lymphocytes to clinical outcome,
current cancer immunotherapies often focus on enhancing the accumulation, activation, and
function of such immune effector cells within the tumor microenvironment (TME) (4).
Unfortunately, the clinical success of these approaches is often limited to only a proportion
of patients (5, 6).

The immune-suppressive nature of the TME has emerged as a critical regulator of antitumor
immune responses, and is increasingly recognized as a major barrier to the effectiveness of
cancer immunotherapies (7). Prostaglandin (PG)E; and its key synthesizing enzyme
cyclooxygenase 2 (COX2) have been implicated in this regard given the ability of COX2
blockade to enhance the effectiveness of cancer vaccination (8, 9). While the COX2-PGE;
axis has been described to have negative regulatory effects on type-1 effector cell priming,
activity, and trafficking in the setting of chronic inflammation (10), the mechanism by which
COX2-interference promotes type-1-directed immunotherapy within the human TME
remains unclear.

The recruitment and induction of suppressive cell populations within the TME, particularly
myeloid-derived suppressor cells (MDSCs) (11), has also emerged as a major determinant of
the outcome of antitumor immunotherapy. Characterized in human cancer by a lineage
negative CD11b*CD33*HLA-DR!*"/~ phenotype, MDSCs have been demonstrated to
potently inhibit both innate and adaptive immune responses through such mechanisms as
inducible nitric oxide synthase (iNOS/NOS2), indoleamine 2,3-dioxygenase (IDO), and
IL10 (12-15). While the suppressive effect of MDSCs on immune effector cells has been
extensively reported, understanding of the reciprocal interactions between effector cells and
MDSCs remains limited.

Here, we demonstrate that suppressive counter-regulation is a direct consequence of type-1
immune activation within the human TME. This counter-regulation results from the IFNy/
TNFa-dependent hyperactivation of MDSCs, driven by amplification of COX2-PGE,
feedback. Blockade of the COX2-PGE; axis eliminated this IFNy/TNFa-driven negative
feedback within the human TME, providing a rationale for designing interventions that
block COX2-PGE, in cancer immunotherapy.
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Materials and Methods

Patients

Human ovarian cancer (OvCa) ascites cells were obtained intraoperatively from previously
untreated patients with primarily advanced (stage 111 or 1V) epithelial OvCa undergoing
primary surgical debulking for clinical staging (see Supplemental Table S1 for patient/tumor
characteristics). All specimens were provided under protocols approved by the University of
Pittsburgh or Roswell Park Cancer Institute Institutional Review Boards (UPCI07-058 and
CIC02-15) in accordance with the World Medical Association’s Declaration of Helsinki, and
written informed consent was obtained prior to any specimen collection. Human OvCa
ascites obtained from the University of Pittsburgh Cancer Institute (UPCI07-058) were used
in the isolation of cancer-associated CD11b* cells (MDSCs), NK cells, and T cells. Human
OvCa ascites obtained from the Roswell Park Cancer Institute (C1C02-15) were used in the
isolation of bulk OvCa primary cells for mMRNA analysis.

Isolation of OvCa ascites cells

Primary OvCa ascites cells were harvested from bulk ascites by centrifugation. When
indicated, bulk OvCa ascites cells were stimulated with combinations of 1L18 (200 ng/ml;
MBL International), IFNa (1000 IU/ml; Intron A, IFN-a-2b; Schering-Plough), IL12 (5
ng/ml; PeproTech), IL2 (250 1U/ml; Chiron), monoclonal antibody (mAb) to CD3 (clone
OKT3; 1 pg/ml; eBioscience), and CD3/CD28 Human T cell-Activator Dynabeads (5 pl/ml;
Invitrogen). NK cells were depleted from bulk OvCa ascites cells by CD56 positive
magnetic selection (StemCell Technologies). MDSCs were depleted or isolated using
CD11b magnetic selection (Miltenyi Biotech). This procedure has been previously shown
(16, 17) to be highly effective in isolating > 95% pure CD11b* cells uniformly expressing
the CD11b*CD33*CD14*HLA-DR!""/~ monocytic MDSC phenotype from human OvCa
ascites cells (16, 17) (also CD34*CD80~CD83™DC-SIGN~ILT2-4* expressing ARG1,
NOS2, IDO1, IL10, COX2, and IL4Ra; please see Results and Supplemental Material).
Control CD11b™ cells were isolated from healthy donor peripheral blood using the same
method.

Isolation of NK cells and CD8* T cells

Cell culture

Peripheral blood from healthy donors was harvested by venipuncture under IRB-approved
protocols. NK cells (CD56*CD3™) and naive CD8" T cells
(CD8*CD45RA*CCR7NINCDA5RO~CD56"CD57") were isolated by negative magnetic
selection (> 95% pure in both cases) using the EasySep system (StemCell Technologies),
according to the manufacturer’s protocol.

Bulk OvCa ascites cells, MDSCs, NK cells, and T cells were cultured in Iscove’s Modified
Dulbecco’s Medium (IMDM) containing 10% fetal bovine serum and 1% L-glutamine and
penicillin/streptomycin (all from Gibco, Invitrogen).
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MDSC activation

For NK cell activation of MDSCs, NK cells (0.5 x 10° cells/well) were cocultured with
MDSCs (1 x 10° cells/well) in 96-well plates in the presence of 1L18 (200 ng/ml) and IFNa
(1000 1U/ml). When indicated, soluble decoy receptors to IFNy (sIFNyR1; 10 pg/ml; R&D
Systems) and TNFa (STNFR1; 1 ug/ml; R&D Systems) were added to cultures at coculture
initiation. For CD8* T cell activation of MDSCs, T cells (0.5 x 10° cells/well) were
cocultured with MDSCs (1x10° cells/well) in 96-well plates in the presence of CD3 mAb (1
pg/ml) and IL12 (5 ng/ml). As an alternative method of MDSC activation, MDSCs were
cultured with IFNy (1000 1U/ml, unless otherwise noted; Miltenyi Biotech) and TNFa (50
ng/ml, unless otherwise noted; Miltenyi Biotech). After MDSC activation by coculture with
lymphocytes (24 h activation for assessment of mMRNA expression and 36 h activation for
assessment of intracellular protein staining/ELISA), NK cells or CD8* T cells were removed
by CD56 or CD8 positive magnetic selection, respectively, and MDSCs were subsequently
assessed for mRNA expression, intracellular protein staining, and/or ELISA analysis of
supernatants.

CD8* T cell suppression

Naive CD8* T cells (1 x 10° cells/well) labeled with CFSE (Invitrogen; labeled according to
the manufacturer’s protocol) were stimulated with CD3/CD28 Human T cell-Activator
Dynabeads (5 pl/ml; Invitrogen) in the presence or absence of MDSCs (0.25 x 10° cells/
well) and/or 1L18/IFNa-activated NK cells (0.25 x 10° cells/well) in 96-well plates. As an
alternative method for CD8™ T cell expansion, CFSE-labeled naive CD8" T cells (1 x 10°
cells/well) were stimulated with staphylococcal enterotoxin B-pulsed mature monocyte-
derived DCs (1 x 10* cells/well; matured for 48 h with 50 ng/ml TNFa), as previously
described (18). When indicated, cells were co-cultured in the additional presence of small-
molecule inhibitors or blocking antibodies against suppressive factors. On day 4-6,
expanded CD8™" T cells were analyzed for proliferation via CFSE dilution and intracellular
granzyme B expression. The following inhibitors/blocking antibodies were used in this
study: celecoxib (20 uM; BioVision), 1-methyl-DL-tryptophan (1 mM; Sigma-Aldrich), L-
NMMA (200 pM; Cayman Chemical), IL10 mAb (clone 25209; 1 pg/ml; R&D Systems),
and nor-NOHA (200 pM; Cayman Chemical). The concentrations used did not affect
viability in cell cultures, as confirmed by live cell counts.

Flow cytometry

Cell surface and intracellular immunostaining analyses were performed using an Accuri C6
Flow Cytometer. NK cells and T cells were stained with the dye-conjugated mouse mAbs to
human CD56-PE-Cy5 (Beckman Coulter), CD3-PE (eBioscience), CCR7-FITC (R&D
Systems), granzyme B-PE (Invitrogen), and CD16-FITC, CD8-PE-Cy5, CD45RA-FITC,
CD45R0-PE, and CD57-FITC (BD Biosciences). MDSCs were stained for CD11b-FITC,
CD14-PE, CD33-APC, CD34-PE-Cy5, CD11c-PE, HLA-DR-PE, DC-SIGN-FITC, CD80-
FITC, CD86-FITC, and CD83-PE (BD Biosciences and eBioscience), as well as IDO-A488
(R&D Systems), NOS2-PE (Santa Cruz Biotechnology), and COX1-FITC/COX2-PE (BD
Biosciences). The corresponding mouse antibody isotype controls IgG1-FITC, 1gG2b-FITC,
IgG1-PE, 1gG2a-PE, IgG1-PE-Cy5, 1gG1-APC, and IgG1-A488 (BD Biosciences) were
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used, as appropriate. Before staining, the cells were treated for 20 min at 4°C in PBS buffer
containing 2% human serum, 0.5% BSA, 0.1% NaN3, and 1 pug/ml of mouse IgG (Sigma-
Aldrich) to block non-specific binding. Cell permeabilization for intracellular staining was
performed using the Foxp3 Fix/Perm Buffer Set (eBioscience), according to the
manufacturer’s protocol. Cells were stained for 40 min at 4°C followed by washing with
PBS buffer containing 0.5% BSA and 0.1% NaN3, then fixed and stored in 4%
paraformaldehyde until analysis.

Supernatants from 36 h cocultures of NK cells and MDSCs or cultures of MDSCs activated
by IFNY/TNFa were analyzed for IL10 by indirect sandwich ELISA using specific matched
primary and biotinylated-secondary antibody pairs (R&D Systems), as previously described
(16).

Quantitative real-time PCR

Statistics

Results

Analysis of MRNA expression was performed using the StepOne Plus System (Applied
Biosystems), as previously described (17), using inventoried primer/probe sets. Expression
of CD8a, NKG2D, IFNy, and COX2 were assessed in bulk OvCa ascites cells immediately
after harvesting. Expression of IFNy, TNFa, IDO1, NOS2, I1L10, and/or COX2 was assessed
24 h following bulk OvCa ascites cell activation, or following MDSC activation with type-1-
activated lymphocytes or IFNy/TNFa. The expression of each gene was normalized to
HPRT1 and expressed as fold increase (272CT), where ACT = Cr (target gene) =~ CT (HPRT1)-

Pearson correlations between type-1 immune markers and MDSC markers were calculated
on logarithmically transformed data. Comparisons of continuous variables between groups
were conducted using unpaired t tests (two-tailed) and one-way and two-way ANOVA,
where appropriate. Significance was judged at an a of 0.05. Where indicated, data from
multiple different patients and control donors are recorded as means (x SD) from 7 different
donors, described in the figure legends. Data from representative experiments are presented
as means (= SD) from triplicate cultures, and were confirmed in multiple independent
experiments, described in the figure legends.

Activated type-1 immune cells promote suppression

Given the known pleiotropic suppressive effects of the COX2-PGE, axis on type-1
immunity (10) and the documented ability of tumor-associated COX2 blockade to skew
toward a type-1 cytokine response (19), we anticipated a negative correlation between COX2
and the local expression of type-1 immune markers within the human TME. Unexpectedly,
however, our analysis of bulk ascites cell samples from 15 late-stage ovarian cancer (OvCa)
patients, used as a model for the human TME, instead demonstrated a positive correlation
between COX2 and the local expression of type-1 immune markers, including CD8a,
NKG2D, a marker of activated CTLs and NK cells, and IFNYy, the prototypical cytokine of
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type-1 immunity (Fig. 1A). These findings suggest a surprising positive correlation between
type-1 immunity and local immune-suppressive events within the TME.

In order to directly evaluate the effect of type-1 immune activation on the larger TME, we
stimulated bulk OvCa ascites cells with factors known to induce type-1 immune activation
(20-22), including IL18/IFNa and anti-CD3/1L12 to activate NK cells and CD8* T cells,
respectively. While, as expected, these stimuli induced high expression of the signature
type-1 cytokines IFNy and TNFa (Fig. 1B, left) implicated heavily in the promotion of
antitumor responses (23, 24), the same type-1-driving factors also induced significant
expression of the known suppressive factors IDO1, NOS2, IL10, and COX2 (Fig. 1B, middle
and right). This effect was a general consequence of type-1 activation within the bulk TME,
as a similar enhancement in the expression of these suppressive factors was observed upon
ascites cell treatment with several other known type-1-driving NK cell and T cell stimuli
(Supplemental Fig. S1).

Using IL18/IFNa-driven NK cell activation as a model of type-1 immune cell activation, we
further found that this enhancement in suppressive factors induced by type-1-driving stimuli
was indeed due to lymphocyte activation within the TME, as prior NK cell depletion
abrogated this effect (Fig. 1C). No influence on suppressive factor expression was observed
after NK cell depletion in the absence of activation stimuli (data not shown). Given that
MDSCs are known to be potent producers of these suppressive factors within the human
ovarian cancer TME (16, 17), we hypothesized that these cells may be involved in this
phenomenon. Depleting MDSCs from the bulk ascites cell population
(CD11b*CD33*CD14*HLA-DR!°W/~ MDSCs previously shown to be highly enriched in
human ovarian cancer ascites; see Methods and Supplemental Fig. S2 for MDSC isolation
approach and characterization) prior to treatment with NK cell-activating stimuli resulted in
a strong reduction in the expression of suppressive factors induced by NK cell activation
(Fig. 1D). Collectively, these results suggest that type-1-activated lymphocytes may promote
immune-suppressive molecules within the TME through the augmentation of MDSC
activity.

Indeed, direct coculture of activated NK cells and isolated MDSCs significantly enhanced
the ability of these MDSCs to suppress the proliferation and granzyme B acquisition of
naive CD8* T cells driven by CD3/CD28 activation (Fig. 2A, Supplemental Fig. S3), an
effect that was not observed with NK cell-activated control CD11b* myeloid cells isolated
from the peripheral blood of healthy donors (Supplemental Fig. S4A). This heightened
MDSC suppressive activity was accompanied by enhanced MDSC expression of IDO1,
NOS2, IL10, and COX2 mRNA (Fig. 2B) and protein (Fig. 2C). A similar augmentation of
MDSC suppressive factors was likewise observed following MDSC coculture with type-1—
activated CD8* T cells (Supplemental Fig. S4B). No suppression was observed by activated
NK cells alone (Fig. 2A), which did not express IDO1 and COX2 and showed only marginal
expressionof NOS2 and 1L10 (data not shown). These data indicate that MDSC suppressive
activity is enhanced by direct interaction with type-1-activated lymphocytes.
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IFNy and TNFa key to MDSC suppressive activity

Blockade of IFNy and TNFa (using soluble decoy receptors) in MDSC cocultures with
activated NK cells counteracted the MDSC upregulation of multiple suppressive factors
(Fig. 3A), revealing the key synergistic role of these cytokines in driving the enhanced
MDSC suppressive activity. Indeed, treatment of MDSCs with exogenous IFNy and TNFa
mirrored the enhanced expression of these suppressive factors seen after coculture with
type-1-activated lymphocytes, again at both the mRNA (Fig. 3B) and protein (Fig. 3C)
levels.

Enhanced MDSC activity requires COX2-PGE,

Although individual inhibition of IDO, NOS, IL10, and arginase partially reversed the
activation-induced MDSC suppression of CD8" T cell proliferation and granzyme B
acquisition (Supplemental Fig. S5), sole inhibition of COX2 was significantly better than
inhibition of any of the other pathways tested, even when blockade of all of these other
pathways were combined. Closer investigation of NK cell-activated MDSCs revealed that
COX2 blockade coordinately antagonized the expression of multiple other suppressive
factors, as well as its own expression (Fig. 4A, left and middle). Whereas PGE,, the product
of COX2, has been described to have direct suppressive effects (10), these results suggest
that the superior ability of COX2 inhibition in reversing MDSC-mediated immune
suppression is also likely to act through the regulation of other suppressive factors. Across
cells derived from multiple patients, celecoxib-mediated COX2 blockade was capable of
completely reversing the enhanced suppressive ability of hyperactivated MDSCs, which was
restored upon exogenous PGE; supplementation (Fig. 4B, Supplemental Fig. S6). Notably,
COX2 blockade was also capable of increasing the expression of IFNy and TNFa in
lymphocyte-MDSC cocultures (Fig. 4A, right), indicating the differential COX2/PGE,-
mediated modulation of stimulatory and suppressive factors.

Discussion

The current data demonstrate that type-1-activated immune cells and the key cytokines
mediating their antitumor activities, IFNy and TNFa (23, 24), directly promote counter-
regulatory suppressive events within the human TME through the COX2/PGE,-driven
amplification of MDSC activity and its coordinated enhancement of multiple suppressive
pathways. Our data help to reconcile reports demonstrating both antitumor and protumor
activities of type-1 cytokines (24-26), and identify the COX2-PGE, pathway as a key target
for the therapeutic separation of opposing stimulatory and suppressive outcomes induced by
type-1 immunity within the human TME.

Although many suppressive pathways, including the IDO, NOS, and IL10 mechanisms
described here, have been implicated in tumor-associated immune dysfunction, these data
indicate that upregulation of these suppressive pathways can be a direct consequence of
type-1 immune responses within the human TME. The upregulation of many of these
suppressive factors have long been associated with inflammatory mediators such as IFNy in
physiologic settings, including for homeostatic T cell contraction following infection (27),
control of autoimmune responses (28-30), and immunologic tolerance during pregnancy
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(31). These findings suggest that counter-regulatory suppression induced by type-1
immunity may be a mechanism of normal endogenous immune control to prevent overactive
responses. However, in the setting of cancer, this mechanism may be co-opted in the TME to
support tumor progression. Indeed, recent clinical evidence in melanoma demonstrated that
an enhanced intratumoral type-1 immune signature correlated with clinical response to
ipilimumab, but was also associated with expression of IDO1 (32), potentially limiting the
magnitude of these responses. We identify here that the type-1 immune-mediated
hyperactivation of MDSCs, suppressive cells which are profoundly enriched within the
human TME (33), is likely to play an important role in this process.

Activation of MDSCs by pro-inflammatory factors has been described (34—-36), but here we
find that type-1 inflammatory mediators potentiate multiple MDSC suppressive pathways,
using the COX2-PGE; axis as the critical intermediate step. COX2/PGE; has also been
shown to be involved in the de novo induction of MDSCs (16, 37, 38) as well as their
recruitment to the tumor environment (17, 39), and has been further implicated in numerous
other tumor cell-intrinsic and microenvironmental cancer-promoting activities (reviewed in
(10, 40)). Thus, the type-1 immune-mediated enhancement of the COX2-PGE, axis
described here may result in an even-larger expansion of tumor environment-associated
suppression and the reinforcement of a suppressive feedback loop, severely limiting
spontaneous or therapy-induced type-1 responses..

Our data demonstrate that IFNy and TNFa produced by type-1 lymphocytes are the primary
synergistic enhancers of the observed immune suppression. Nevertheless, these molecules
have also been extensively demonstrated to be critical for the effectiveness of antitumor
immunity (23, 24), limiting the possibility of the therapeutic blockade of these factors as a
part of cancer treatment. Identification of COX2/PGE; as a central regulator of multiple
suppressive pathways downstream of IFNy and TNFa secretion provides a key therapeutic
target to maintain the antitumor features of these type-1 cytokines while preventing
suppressive consequences. Indeed, our present data show that COX2 blockade strongly
reverses hyperactivated MDSC suppression of CD8" T cells in coculture and is more
effective even than the combined treatment with IDO, NOS, arginase, and IL10 inhibitors.
The degree to which such COX2-mediated suppressive feedback driven by type-1 immunity
affects the mouse TME is still unclear. It is intriguing to consider whether intrinsic species
differences in such type-1 feedback regulation between mouse and humans may help explain
the historically poor translation of type-1-promoting immune-modulators (demonstrating
robust responses in pre-clinical mouse models) to clinical efficacy (41).

Despite the recent FDA approval of several new forms of immunotherapy, including
sipuleucel-T (Provenge) for prostate cancer (42) and ipilimumab (CTLA4 antagonist) (43,
44), pembrolizumab (PD1 antagonist) (45), and pegylated IFNa for melanoma (46), often
only a proportion of patients benefit from these immune therapies, and many of the
responding patients eventually progress. In addition, recent data demonstrating cancer
progression even in the presence of 10-40% tumor-specific T cells in the blood of
vaccinated patients (47, 48) highlight the need to promote entry and local effector functions
of these T cells within tumor tissues, which may be further enhanced by the antagonism of
suppressive feedback mechanisms. Since both CTLA4 and PD1/PDL1 expression in the
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TME are believed to be enhanced in the course of local immune responses, and CTLA4 and
PD1/PDL1 blockade are thought to promote the duration of anti-cancer immunity (49), it
remains to be tested whether their effectiveness and the duration of their activity can be
enhanced by simultaneous blockade of PGE; synthesis or responsiveness to PGE; using
available inhibitors of PGE; synthesis and signaling (reviewed in (10)). Indeed, codelivery
of celecoxib and anti—-PD-1 can synergistically improve antitumor immunity in preclinical
models, in which effects were associated with a reduction in the numbers of MDSCs (50,
51).

In summary, these findings demonstrate the existence of a new mechanism contributing to
the self-limiting nature of type-1 immunity in human cancer, and provide rationale for
targeting the COX2-PGE, axis as a key part of therapeutic approaches seeking to enhance
the magnitude and duration of type-1 immune responses in the human TME.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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mRNA

Type-1 activation of immune cells within the bulk ovarian cancer tumor microenvironment
enhances local MDSC-mediated expression of suppressive factors. (A) Bulk ascites cells
freshly-isolated from ovarian cancer (OvCa) patients were lysed and analyzed for expression
of type-1 immune markers (CD8a, NKG2D, and IFNy) and COX2. Data are expressed as
ratios between the expression of individual genes and HPRT1, and represent 15 independent
patients. (B) Bulk OvCa ascites cells were cultured for 24 h in the absence or presence of the
NK cell-activating (NKgt) stimuli IL18/IFNa or the CD8" T cell-activating (CD8,ct)
stimuli anti-CD3/IL12, and analyzed for expression of IFNy, TNFa, IDO1, NOS2, IL10,
and COX2. Data are expressed as ratios between the expression of individual genes and
HPRT1, and shown as the mean expression (+ SD) of triplicate cultures. Data represent one
of three independent experiments, all yielding similar results. (C) Bulk OvCa ascites cells or
ascites cells depleted of CD56" NK cells (NKgeplete) Were cultured for 24 h in the absence or
presence of the NK cell-activating (NKgct) stimuli IL18/IFNa, and analyzed for expression
of IDO1, NOS2, IL10, and COX2. Data are expressed as ratios between the expression of
individual genes and HPRT1, and represent 4 independent patients. (D) Bulk OvCa ascites
cells or ascites cells depleted of MDSCs (MDSCgepjete) Were cultured for 24 h in the
absence or presence of the NK cell-activating (NKgct) stimuli IL18/IFNa, and analyzed for
expression of IDO1, NOS2, IL10, and COX2. Data are expressed as ratios between the
expression of individual genes and HPRTL, and represent 3 independent patients. ***P <
0.001, ** P<0.01, * P<0.05, ns: P> 0.05 compared to indicated group or compared to all
groups when not specifically indicated.
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Figure2.

Activated type-1 immune effector cells enhance MDSC suppressive activity. (A) Percentage
of proliferating, granzyme B (GzmB) positive naive CD8" T cells following 4 d activation
with anti-CD3/CD28 antibodies in the absence or presence of OvCa ascites-isolated MDSCs
and/or IL18/IFNa-activated NK cells (\MDSC), measured by CFSE dilution and
intracellular GzmB staining presented in representative cultures (left) or as the mean (+ SD)
of 5 independent patients (right). (B—C) Expression of IDO1, NOS2, IL10, and COX2
assessed by mRNA (B) and protein (C) levels in OvCa ascites-isolated MDSCs cultured (24
h for mRNA,; 36 h for protein) with or without IL18/IFNa-activated NK cells (nkMDSC).
Data of mMRNA levels are expressed as ratios between the expression of individual genes and
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HPRT1, and represent 4 independent patients. Data of protein levels are shown in
representative histograms (top) or represented as the fold change of the mean fluorescence
intensity (AMFI) over the isotype control or as levels detected by specific ELISA in 36 h
supernatants across 3 independent patients. *** P£< 0.001, ** £<0.01, * A< 0.05 compared
to indicated group.
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Figure 3.

IFNy and TNFa are critical mediators of MDSC hyper-activation induced by type-1 immune
effector cells. (A) Expression of IDO1, NOS2, IL10, and COX2 in OvCa ascites-isolated
MDSCs cultured for 24 h with or without IL18/IFNa-activated NK cells (ykMDSC), in the
additional presence or absence of soluble IFNy (sSIFNyR1) or TNF (sTNFR1) decoy
receptors. Data are expressed as ratios between the expression of individual genes and
HPRT1, and shown as the mean expression (x SD) of triplicate cultures. Data represent one
of three independent experiments, all yielding similar results. (B—C) Expression of IDO1,
NOS2, IL10, and COX2 assessed by mRNA (B) and protein (C) levels in OvCa ascites-
isolated MDSCs cultured (24 h for mRNA,; 36 h for protein) with or without varying
concentrations of IFNy and TNFa. Data of mRNA levels are expressed as ratios between the
expression of individual genes and HPRT1, and represent one of three independent
experiments, all yielding similar results. Data of protein levels are represented as the fold
change of the mean fluorescence intensity (AMFI) over the isotype control, and represent n
independent patients (/7= 5 patients for IDO1, n= 4 for NOS2, n= 6 for COX2), or as levels
detected by specific ELISA in 36 h supernatants, representing 3 independent patients. *** P
<0.001, ** P<0.01, * P< 0.05 compared to indicated group or compared to all groups
when not specifically indicated.
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Figure 4.
Type-1 effector cell-driven hyperactivation of MDSCs requires the intact COX2-PGE; axis.

(A) Expression of IDO1, NOS2, IL10, COX2, IFNy, and TNFa in OvCa ascites-isolated
MDSCs cultured for 24 h with or without IL18/IFNca-activated NK cells (ykMDSC), in the
additional presence or absence of celecoxib (COX2 inhibitor). Data are expressed as ratios
between the expression of individual genes and HPRT1, and represent 4 independent
patients. (B) Percentage of proliferating GzmB™* naive CD8* T cells following 4 d activation
with anti-CD3/CD28 antibodies in the presence of resting or IFNy/TNFa-activated OvCa
ascites-isolated MDSCs (;,tMDSC), in the additional presence of celecoxib (COX2
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inhibitor) and/or exogenous PGE,. Data represent the mean (x SD) of 4 independent
patients. *** P< 0.001, ** £<0.01, * < 0.05, ns: P> 0.05 compared to indicated group.
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