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ABSTRACT

One way that tumors evade immune destruction is through tumor and stromal cell expression of arginine-
degrading enzyme arginase-2 (ARG2). Here we describe the existence of pro-inflammatory effector T-cells
that recognize ARG2 and can directly target tumor and tumor-infiltrating cells. Using a library of 34
peptides covering the entire ARG2 sequence, we examined reactivity toward these peptides in peripheral
blood mononuclear cells from cancer patients and healthy individuals. Interferon-y ELISPOT revealed
frequent immune responses against several of the peptides, indicating that ARG2-specific self-reactive
T-cells are natural components of the human T-cell repertoire. Based on this, the most immunogenic ARG2
protein region was further characterized. By identifying conditions in the microenvironment that induce
ARG2 expression in myeloid cells, we showed that ARG2-specific CD4T-cells isolated and expanded from
a peripheral pool from a prostate cancer patient could recognize target cells in an ARG2-dependent
mannet. In the ‘cold’ in vivo tumor model Lewis lung carcinoma, we found that activation of ARG2-specific
T-cells by vaccination significantly inhibited tumor growth. Immune-modulatory vaccines targeting ARG2
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thus are a candidate strategy for cancer immunotherapy.

Introduction

Although the immune system can detect and destroy trans-
formed cells, most tumors evade this destruction through
a wide range of escape mechanisms. The classical mechanisms
include impairment of major histocompatibility complex
(MHC)-mediated tumor antigen presentation and downregu-
lation of the costimulatory molecules B7.! Of importance,
a growing body of evidence indicates that tumors can promote
an immunosuppressive microenvironment by recruiting or
generating immunoregulatory cells, such as regulatory T-cells
(Tregs), tolerogenic myeloid populations (especially tumor-
associated macrophages, TAMs), myeloid-derived suppressor
cells (MDSCs), and cancer-associated fibroblasts (CAFs).
Among the immunosuppressive mechanisms that tumors
employ is production of anti-inflammatory mediators, such
as transforming growth factor-p (TGF P) and interleukin
(IL)-10, exploitation of inhibitory molecules of the B7 family,
such as PD-LI, and expression of amino acid-degrading
enzymes such as arginase and indoleamine 2,3-dioxygen-
ase (IDO).

Arginase is a ubiquitous enzyme that catalyzes the degrada-
tion of L-arginine to L-ornithine and urea. There are two iso-
forms of arginase in mammals: arginase-1 (ARG1), a cytosolic
enzyme predominantly present in the liver, and arginase-2
(ARG2), which is expressed in the mitochondrial matrix .? By

regulating the availability of L-arginine and L-ornithine, argi-
nase is important in normal and cancer cells. Its expression in
the tumor microenvironment dampens cancer-specific
immune responses through local and systemic suppression of
T-cell proliferation, inhibition of T-cell activation, promotion
of T-cell anergy and apoptosis, and macrophage reprogram-
ming that promotes immunosuppressive phenotype:s.3’5

In general, most studies of arginase have focused on ARG1,
whereas ARG2 has received less attention to its potential role in
cancer. Although studies have linked high arginase activity
with various cancers and serum arginase activity with disease
progression, these studies did not discriminate between ARG1
and ARG2. One group did show in 2005 that ARG2 is highly
expressed in human prostate cancer, and the enzyme was
further described as suppressing tumor-infiltrating lympho-
cytes. Androgens enhance ARG2 expression, and androgen-
depletion therapy that decreases ARG2 activity can boost
immune responses by increasing T-cell activation and inter-
feron (IFN)y secretion in vivo.® ARG2 also distinguishes malig-
nant follicular thyroid carcinoma from benign follicular
thyroid adenoma.”® Likewise, in head and neck squamous
cell carcinomas, ARG2 expression has been correlated with
a poor prognosis .” Its expression in breast cancer cells has
additionally been reported,'” and its levels are significantly
higher in breast cancer tissue and peripheral blood compared
to healthy donors."' ARG2 activity is also described as being
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enhanced in gastric cancer when compared with healthy gastric
tissue,'” and the enzyme is released in vitro by gastric cancer
cell lines and in the serum of patients with gastric cancer.”"” In
addition to solid tumors, enhanced ARG2 expression has been
described in acute myeloid leukemia (AML). Of interest, cir-
culating AML blasts are phenotypically similar to MDSCs but
express and release ARG2 (rather than ARGI) in peripheral
blood, suppressing T-cell activity.'*'* These results collectively
suggest that ARG2 is a promising target for boosting tumor-
specific immune responses and addressing the general state of
immunosuppression and pancytopenia seen with AML.

Recently, CAFs have emerged as abundant and crucial
components of the tumor mesenchyme. CAFs are involved in
modulation of immune system factors, with recently revealed
roles in immune evasion and poor responses to cancer
immunotherapy.'® Of interest, Ino et al. evaluated pancreatic
ductal carcinoma tissues from 200 cases and detected ARG2
protein expression in CAFs, especially those located within and
around necrotic areas of the tumor.” The presence of ARG2-
expressing CAFs correlated with poor overall and disease-free
survival, emphasizing their key role in immune regulation of
the tumor microenvironment. ARG2 also is involved in obe-
sity-associated pancreatic cancer.''

Pro-inflammatory T-cells that specifically target immune-
suppressive cells are intrinsically present in the periphery and
counteract a range of regulatory immune-feedback signals
(reviewed in'”). These T-cells (coined anti-regulatory T-cells
or anti-Tregs'® because of their role in targeting regulatory
immune mechanisms) recognize human leukocyte antigen
(HLA)-restricted epitopes, generated from degraded intracel-
lular self-antigens derived from immune inhibitory proteins,
such as ARG1.""*! We previously described the existence of
ARG1-specific T-cells and demonstrated that they recognize
and react against dendritic cells (DCs) and B cells expressing
ARGL," and that these preexisting T-cell responses against
ARGI are part of the T-cell memory repertoire.”® A phase
I vaccination trial with ARG1 peptides was recently initiated
at our institution (NCT03689192).>* In the current study, we
examined if ARG2 likewise is a target for specific effector
T-cells and if these cells can react toward cells expressing
ARG2.

Results
Spontaneous immune responses toward ARG2

To determine whether antigens derived from ARG2 can be
targeted by specific T-cells, we screened for ARG2 peptide
epitopes that elicited an immune response in peripheral
blood mononuclear cells (PBMCs) from healthy donors. For
this purpose, we generated a library of 34 peptides covering the
entire ARG2 protein sequence. All peptides were 20-mers, and
each one overlapped with the first 10 amino acids of the
subsequent sequence (supplementary table 1). We divided the
peptides into 11 pools of 3-4 adjacent peptides (supplementary
table 1) and used PBMCs from six healthy donors (HDs) to
screen for immune responses to the library peptides. Briefly,
PBMCs were stimulated once with each peptide pool before
being examined in IFNy ELISPOT assays with stimulation of

each peptide individually. We observed immune responses
toward several different ARG2 peptides with ARG2-1, ARG2-
5, ARG2-8, ARG2-13, ARG2-18, ARG2-20, ARG2-21, and
ARG2-22 showing the highest and most abundant responses
(Figure la). We then validated the immune responses toward
these eight peptides in IFNy ELISPOT assays. PBMCs from the
same HDs as above were stimulated with each peptide indivi-
dually. In Figure 1b the immune responses against the peptides
that are either covering the signal peptide region of ARG2 or
the peptides located in the region corresponding to the most
immunogenic region of the ARG1 sequence. Although we
could detect immune responses in this region of ARG2, the
most immunogenic peptide was ARG2-1(supplementary fig-
ure 1). Of interest, ARG2-1 is a part of the transit sequence
(aal-22) of ARG2. Signal peptide sequences represent an
interesting type of epitopes that largely do not depend on
proteasomal degradation or TAP (Transporter associated
with antigen processing protein) for their processing and pre-
sentation in the context of HLA molecules.?>~>° Furthermore,
this part of ARG2 has very limited overlap with the corre-
sponding sequence of ARG1 (Figure 1c).

We then used ARG2-1 to screen for ARG2 immune
responses in samples from 33 HDs and 19 cancer patients
with metastatic solid tumor (11 melanoma, 1 breast and 7
prostate cancer patients) by IFNy ELISPOT assay. Samples
from both groups showed strong and frequent responses
(Figure 2a), with significant responses in around 75% of the
screened donors. Because ARG2 is reported to play an impor-
tant role in the immunosuppressive microenvironment
observed in patients with AML,'™*'® we used IFNy ELISPOT
to assess for the presence of ARG2-specific T-cells among
PBMC:s from nine patients diagnosed with AML. Blood collec-
tion and subsequent PBMC isolation were performed indepen-
dently of treatment status, thus the patients represent very
different disease and treatment stages. We observed
a significant response in three of the nine patients
(Figure 2a), suggesting that ARG2-specific T-cells indeed can
be present in patients with AML. In supplementary table 2 the
clinical characteristics of the included AML patients are
depicted. Intracellular cytokine staining for IFNy and tumor
necrosis factor (TNF)a production in HDs and cancer patients
with solid tumors primarily showed CD4+responses to ARG2-
1 (Figure 2b).

Characterization of long ARG2 peptide epitopes

We have previously shown that a longer (38-mer) ARG1 pep-
tide is superior at stimulating ARG1-specific T-cells compared
to 20- and 30mer ARG1 peptides from the same region.”’ Here
we sought to identify an optimal, immunogenic ARG2-derived
peptide that broadly stimulates ARG2-specific T-cells in sub-
jects with different tissue types. For this purpose, we designed
a longer ARG2 peptide epitope spanning larger parts of the
sequence around ARG2-1, based on HLA prediction algo-
rithms (available at www.syfpeithi.de and cbs.dtu.dk). To test
whether these long ARG2 peptides (Figure 3a and supplemen-
tary table 1) could be used to identify ARG2 responses, PBMCs
from six HDs were stimulated once with each of the three long
peptides. Subsequently, PBMCs were used to screen for
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Figure 1. Multiple ARG2 peptides are recognized by PBMCs from healthy donors. (a) IFNy ELISPOT screening of responses against overlapping 20-mer ARG2 peptides
from six healthy donors. 4-4.5 x 10° cells were plated per well, and peptide and control stimulation were performed in duplicate or triplicate. Specific spot counts
(peptide-specific IFNy-secreting cells) are given as the difference in number of IFNy spots between averages of the wells stimulated with peptide and control wells. (b)
IFNy ELISPOT responses from the screening toward the peptides here covering the signal peptide region of ARG2 (left; ARG2-0, ARG2-1, ARG2-2) or the peptides located
in the region corresponding to the most immunogenic region of the ARG1 sequence (right; ARG2-17, ARG2-18, ARG2-19, ARG2-20 og ARG2-21). (c) Alignment of ARG1
and ARG2 amino acid sequence around the ARG2-1 sequence. The ARG2-1 sequence is highlighted and marked in red.

immune responses in IFNy ELISPOT. As shown in Figure 3b,
immune responses against all three long peptides were identi-
fied; however, the 33-mer A2L2 gave the strongest and most
frequent immune responses of the three long peptides in the
examined donors. Because ARG2-1 is contained within A2L2,
we examined if this longer peptide more effectively stimulated
ARG2-specific T-cells, using IFNy ELISPOT assay of samples
from six HDs, stimulated with either ARG2-1 or A2L2 once. In
five of six donors, A2L2 immune responses were higher than
ARG2-1 responses (Figure 3c), although not reaching signifi-
cance (p = .06), suggesting that both peptides elicit frequent
immune responses.

To characterize the immunogenicity of A2L2, we screened
PBMCs from 30 HDs and 18 patients with cancer (14 mela-
noma, 3 prostate, 1 breast) by IFNy ELISPOT assay. We
observed strong and frequent responses in both HDs and
patients with cancer (Figure 3d). Intracellular cytokine staining
for IFNy and TNFa production showed only CD4+ responses
to A2L2 stimulation (Figure 3e), similar to our observations for

ARG2-1. The immune responses toward A2L2 were on average
higher compared to ARG2-1 responses in the same donor,
although not significantly so (p = .7) (figure 3f).

Characterization of ARG2-specific T-cells

To further characterize the immune response toward ARG2, we
generated an ARG2-specific CD4 + T-cell culture. To do so, we
used ARG2-1 peptide-loaded autologous DCs to repeatedly
stimulate PBMCs isolated from a patient with prostate cancer,
followed by enrichment and rapid expansion of specific cells
(supplementary figure 2a). The T-cell culture was highly specific
toward both ARG2-1 and A2L2, based on intracellular cytokine
staining for TNFa and IFNy (ARG2-1, Figure 4a) and IFNy
ELISPOT results (Figure 4b). Furthermore, we found that IFNy
production from the ARG2-specific T-cell culture stimulated
with peptide were inhibited by the addition of HLA-DR block-
ers, but not HLA-DP or HLA-DQ blockers in IFNy ELISPOT
(Figure 4c). To assess the specificity of the ARG2-specific T-cell
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Figure 2. ARG2-1 is widely recognized by PBMCs from both healthy donors and cancer patients with solid tumors or AML. (a) IFNy ELISPOT responses against ARG2-1
peptide in PBMCs from healthy donors (n = 33), cancer patients with solid tumors (n = 19), or cancer patients with AML (n = 19). 3-4 x 10° cells were plated per well.
Peptide and control stimulations were performed in triplicate. Each spot represents one donor and is the number of peptide-specific IFNy-secreting cells (the difference
between the average of wells stimulated with peptide and control wells). (b) Representative intracellular cytokine staining for IFNy and TFNa production in samples
from healthy donors (HD49 and HD50) and a cancer patient (AA27) with solid tumors stimulated with ARG2-1 or non-stimulated control.

culture we looked at the ability of the ARG2-specific T-cell
culture to recognize and react against cells with intracellular
expression of ARG2. To this end, we transfected autologous
DCs with mRNA encoding ARG2 fused to the DC-LAMP signal
sequence, which targets a protein toward the lysosomal com-
partment and thus directs the protein toward HLA class II
presentation.”® We observed higher reactivity against ARG2
mRNA transfected DCs compared to mock transfected DCs
(Figure 4d). FACS analysis of transfected cells showed >90%
transfection efficiency (supplementary figure 2b) and mRNA
analysis of mock and mRNA transfected DC showed a large
increase in ARG2 expression 24hrs after transfection (supple-
mentary figure 2c).

Having shown reactivity toward ARG2-producing immune
cells we next set out to investigate the ability of the ARG2-
specific T-cell culture to recognize and react against different
cancer cells using IFNy ELISPOT assays. HLA sequencing
analysis of the donor for the specific T-cell culture allowed us
to choose three HLA-matched (HLA-DRO01:01) AML cell lines
with low endogenous ARG2 expression (OCI-AML2, THP-1
and MONO-MAC-1, supplementary figure 3) and pulse with
ARG2-1 peptide to subsequently use as target T-cells for IFNy
ELISPOT. Set2, another AML cell line with high endogenous
ARG?2 expression (supplementary figure 3) but HLA-mismatch
with the ARG2-specific T-cell culture, was included as
a negative control. OCI-AML2, THP-1 and MONO-MAC-1
pulsed with ARG2-1 peptide were effectively recognized by the
ARG2-specific T-cells (Figure 5a), whereas Set2 was not. The

HLA-DR restriction of the ARG2-specific T-cells was con-
firmed by the addition of two different HLA-DR specific anti-
bodies, since addition of both HLA-DR blockers abrogated the
recognition of ARG2-1 pulsed THP-1 cells (Figure 5b).

The THP-1 cell line is a monocytic cell line derived from
peripheral blood of a patient with AML.>” THP-1 cells are
reported to have maintained some plasticity, with their function
depending on the presence of specific cytokines in their sur-
roundings. IL-4 and IL-13 are reported to be the main inducers
of ARG, but their effect on ARG2 is not well known.
Moreover, THP-1 cells are reported to acquire DC-like charac-
teristics upon 48 hrs of stimulation with a cytokine cocktail of
IL-4, GM-CSF, and TFNa.>® We therefore examined if stimula-
tion of THP-1 cells with IL-4, IL-13, or the cytokine cocktail
would increase ARG2 expression in THP-1 cells. We found
a more than 2-fold induction of ARG2 expression upon stimula-
tion with the cytokine cocktail, whereas IL-4 and IL-13 did not
have much effect on ARG2 expression levels (Figure 5¢). We
then turned to investigate if the increase in ARG2 expression
after cytokine cocktail stimulation could elicit an immune
response from ARG2-specific T-cells. Indeed, we found that
the cytokine cocktail led to recognition of the stimulated THP-
1 cells in IFNy ELISPOT (Figure 5d) and production of TNFa
and IFNy detected by intracellular cytokine staining (Figure 5e).
Only ARG2 expression increased after treatment of the THP-1
cells with the cytokines, whereas ARGI expression remained
unchanged (figure 5f). The response toward cytokine stimulated
THP-1 cells could be blocked by HLA-DR specific antibodies
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Figure 3. The long ARG2 peptide A2L2 elicits strong and frequent CD4 + T-cell responses in samples from healthy donors and cancer patients. (a) Aligned peptide
sequences of the library peptides ARG2-0, ARG2-1, and ARG2-2 and the long peptides ARG2-Long1 (A2L1), ARG2-Long2 (A2L2), and ARG2-Long3 (A2L3). The signal
sequence of ARG2 is shown for comparison. (b) IFNy ELISPOT responses against the long peptides A2L1, A2L2, and A2L3 in PBMCs from six healthy donors. 4 x 10° cells
were plated per well, and peptide and control stimulation were performed in triplicate. Specific spot counts (peptide-specific IFNy-secreting cells) are given as the
difference in number of IFNy spots between averages of the wells stimulated with peptide and control wells. Responses against peptide were too numerous to count
(TNTC) in 3 settings and set to be >750 spots. (c) IFNy ELISPOT responses to A2L2 and ARG2-1 in PBMCs from 6 healthy donors. 4 x 10° cells were plate per well, and
peptide and control stimulation were performed in triplicate. Specific spot counts (peptide-specific IFNy-secreting cells) are given as the difference in number of IFNy
spots between averages of the wells stimulated with peptide and control wells. * p < 0.05 or ** p < 0.01 according to the distribution free resampling rule. (d) IFNy
ELISPOT responses against A2L2 peptide in PBMCs from healthy donors (n = 30) and cancer patients with solid tumors (n = 18). 3-4 x 10° cells were plated per well.
Peptide and control stimulations were performed in triplicate. Each spot represents one donor and is the number of peptide-specific IFNy-secreting cells (the difference
between the average of wells stimulated with peptide and control wells). (e) Representative intracellular cytokine staining for IFNy and TFNa production in samples from
healthy donors (HD48 and HD53) and a cancer patient (AA27) with solid tumors stimulated with A2L2 or non-stimulated control. (f) FNy ELISPOT responses to ARG2-1
and A2L2 in PBMCs from healthy donors (n = 26) and cancer patients with solid tumors (n = 11) for comparison of the magnitude of responses to the two peptides.
4% 10° cells were plated per well, and peptide and control stimulation were performed in triplicate. Specific spot counts (peptide-specific IFNy-secreting cells) are given
as the difference in number of IFNy spots between averages of the wells stimulated with peptide and control wells. ns: p = .7038.
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Figure 4. ARG2-specific T-cells recognize ARG2-expressing dendritic cells. (a) ARG2-specific T-cells were expanded from samples from a patient with prostate cancer. The
specificity of the T-cell culture was assessed by intracellular cytokine staining for TFNa and IFNy production in peptide-stimulated cells and a non-stimulated control.
Left: Dot plot for ARG2-1 peptide-stimulated and non-stimulated (control) cells. Right: % CD4 T-cells producing IFNy, TFNa, or both (DP: double positive) in response to
control stimulation (no peptide), ARG2-1 peptide stimulation, or A2L2 peptide stimulation. (b) Specificity of the ARG2-specific T-cells assessed by ELISPOT responses to
control stimulation (no peptide), ARG2-1 peptide, or A2L2 peptide. 4 x 10* cells were plated per well. TNTC, too numerous to count (more than 500 spots). (c) he HLA-
restriction of ARG2-specific T-cells were examined. IFNy ELISPOT response of the ARG2-specific T-cells toward ARG2-1 peptide in the presence of different class Il
blockers. (d) IFNy ELISPOT response by the ARG2-specific T-cells to autologous dendritic cells transfected with irrelevant control mRNA (mock mRNA) or ARG2 mRNA.
Effector-to-target ratio 5:1 with 5 x 10* effector cells plated per well. * p < 0.05 or ** p < 0.01 according to the distribution free resampling rule.

(Figure 5g). Of note, the cytokine cocktail-stimulated THP-1
cells changed morphology compared to unstimulated cells with
more colony-formation, small protrusions, and an acquired
adherence (supplementary figure 4a). Importantly, the cytokine
cocktail did not upregulate HLA-DR expression (supplementary
figure 5a). In contrast, treatment of THP-1 cells with IFNy
increased HLA-DR expression on the cell surface (supplemen-
tary figure 5a), but not ARG2 expression (Figure 5h), and IFNy

stimulated THP-1 cells were not recognized by ARG2-specific
T-cells in IFNy ELISPOT assay (Figure 5i).

MONO-MAC-1 is an AML cell line that, like THP-1 cells,
can differentiate in response to or be affected by cytokine
stimulation.*” Similar to our observations for THP-1 cells, the
cytokine cocktail could increase ARG2 expression in MONO-
MAC-1 cells (Figure 6a). Stimulation of MONO-MAC-1 cells
with the cytokine cocktail did not increase HLA-DR expression
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Figure 5. ARG2-specific T-cells recognize ARG2-expressing malignant myeloid cells. (a) To identify HLA-matched malignant T-cells, the ARG2-specific T-cells were
examined in IFNy ELISPOT response toward different relevant cancer cell lines pre-pulsed with ARG2-1 peptide. The same cancer cell lines without peptide stimulation
were examined as control. Effector-to-target ratio 1:1 with 1 x 10* effector cells plated per well. * p < 0.05 or ** p < 0.01 according to the distribution free resampling
rule. TNTC, too numerous to count (>500). (b) FNy ELISPOT response of the ARG2-specific T-cells toward THP-1 cells pulsed with ARG2-1 peptide and class Il blockers. (c)
ARG2 expression in THP-1 evaluated by RT-qPCR following 48-h incubation of THP-1 cells with different cytokines. Data are represented as fold change vs unstimulated
THP-1 cells; mean+SD, n = 4. (d) FNy ELISPOT response of the ARG2-specific T-cells toward THP-1 cells stimulated with the cytokine cocktail. Effector-to-target ratio 5:1
with 1.5 x 10° effector cells plated per well. ** p < 0.01 and ns = not significant according to the distribution free resampling rule. () Intracellular staining of TFNa and
IFNy production from CD4 + T-cells in the ARG2-specific T-cell culture when incubated with unstimulated THP-1 cells or THP-1 cells pre-stimulated with cytokine cocktail
for 48 h. Effector-to-target ratio 2:1 with 500,000 effector cells used per condition. (f) RGT and ARG2 expression in THP-1 cells evaluated by RT-gPCR following 48-h
incubation with cytokine cocktail. Unstimulated THP-1 cells served as control. Data are represented as relative expression to the housekeeping gene ACTB; mean+SD,
n = 4. (g) IFNy ELISPOT response of the ARG2-specific T-cells toward THP-1 cells stimulated with the cytokine cocktail (THP-1 + cyto) and the class Il blocker, aHLA-DR.
Effector-to-target ratio 5:1 with 1.5 x 10° effector cells plated per well. ** p < 0.01 and ns = not significant according to the distribution free resampling rule. (h) ARG2
expression in THP-1 cells evaluated by RT-qPCR following 48-h stimulation with cytokine cocktail (Th2 cocktail) or IFNy. Unstimulated THP-1 cells were included as
control. Data are represented as relative expression to the housekeeping gene RPO; mean+SD, n = 4. (i) IFNy ELISPOT response of the ARG2-specific T-cells toward THP-1
cells pre-stimulated with the cytokine cocktail (THP-1 + cytokines) or IFNy (THP-1 + IFNy). Effector-to-target ratio 2.5:1 with 5 x 10* effector cells plated per well. **
p < 0.01 and ns = not significant according to the distribution free resampling rule.
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Figure 6. ARG2-specific T-cells recognize several ARG2-expressing malignant myeloid cells. (a) RG2 expression in MONO-MAC-1 (MM1) cells evaluated by RT-qPCR
following a 48-h incubation with cytokine cocktail. Data are represented as fold change vs unstimulated MM1 cells; mean+SD, n = 4. (b) ARG2 expression in MM1 cells
evaluated by RT-qPCR following a 48-h incubation with cytokine cocktail or IFNy. Data are represented as fold change vs unstimulated MM1 cells; mean+SD, n = 4. ()
IFNy ELISPOT response of the ARG2-specific T-cells toward MM1 cells pre-stimulated with the cytokine cocktail (MM1 + cytokine cocktail) or IFNy (MM1 + IFNy). Effector-
to-target ratio 2.5:1 with 5 x 10* effector cells plated per well. ** p < 0.01 and n = not significant according to the distribution free resampling rule.

compared to unstimulated cells (supplementary Figure 5b).
Furthermore, MONO-MAC-1 cells stimulated with IFNy did
not upregulate ARG2 expression (Figure 6b), and only cytokine
cocktail-treated MONO-MAC-1 cells were recognized by the
ARG2-specific T-cells in the IFNy ELISPOT (Figure 6c).
MONO-MAC-1 stimulated with the cytokine cocktail also
changed morphology in ways similar t