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Abstract Pathological conditions including cancers lead
to accumulation of a morphological mixture of highly
immunosuppressive cells termed as myeloid-derived sup-
pressor cells (MDSC). The lack of conclusive markers to
identify human MDSC, due to their heterogeneous nature
and close phenotypical and functional proximity with other
cell subsets, made it challenging to identify these cells.
Nevertheless, expansion of MDSC has been reported in
periphery and tumor microenvironment of various cancers.
The majority of studies on breast cancers were performed
on murine models and hence limited literature is available
on the relation of MDSC accumulation with clinical set-
tings in breast cancer patients. The aim of this study was
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to investigate levels and phenotypes of myeloid cells in
peripheral blood (n=23) and tumor microenvironment of
primary breast cancer patients (n=7), compared with blood
from healthy donors (n=21) and paired non-tumor normal
breast tissues from the same patients (n=7). Using multi-
color flow cytometric assays, we found that breast cancer
patients had significantly higher levels of tumor-infiltrating
myeloid cells, which comprised of granulocytes (P=0.022)
and immature cells that lack the expression of markers for
fully differentiated monocytes or granulocytes (P=0.016).
Importantly, this expansion was not reflected in the periph-
eral blood. The immunosuppressive potential of these cells
was confirmed by expression of Arginase 1 (ARG1), which
is pivotal for T-cell suppression. These findings are impor-
tant for developing therapeutic modalities to target mecha-
nisms employed by immunosuppressive cells that generate
an immune-permissive environment for the progression of
cancer.

Keywords Myeloid cells - Myeloid-derived
suppressor cells - Neutrophils - Breast cancer - Tumor
microenvironment - Circulation

Abbreviations

APC Antigen-presenting cell(s)

ARG1 Arginase 1

DC Dendritic cell(s)

e-MDSC Early-stage myeloid-derived suppressor
cell(s)

ED Enzyme disaggregation

ER Estrogen receptor

FMO Fluorescence minus one

G-MDSC Granulocytic myeloid-derived suppressor
cell(s)

HD Healthy donor(s)
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HD(F) Healthy donor female(s)

HD(M) Healthy donor male(s)

IM-MDSC Immature myeloid-derived suppressor
cell(s)

MDSC Myeloid-derived suppressor cell(s)

M-MDSC Monocytic myeloid-derived suppressor
cell(s)

N/G-MDSC  Neutrophil/granulocytic myeloid-derived
suppressor cell(s)

NK Natural killer

NT Normal tissue

PBC Primary breast cancer

PBS Phosphate buffered saline

PMN-MDSC Polymorphonuclear myeloid-derived sup-
pressor cell(s)

PR Progesterone receptor

TAN Tumor-associated neutrophil(s)

TIL Tumor-infiltrating lymphocyte(s)

TME Tumor microenvironment

Treg Regulatory T cell(s)

TT Tumor tissue

Introduction

Breast cancer is the most commonly diagnosed cancer
and the leading cause of cancer-related deaths in females
worldwide [1]. The striking mortality rates are caused by
metastasis to distant regions from the primary tumor, while
recent advances in improving survival rates are attributed
to early detection through screening and initiation of neo-
adjuvant therapy in patients [2]. The developments of novel
approaches to identify prognostic markers for patients who
are at high risk of developing breast cancer are, therefore,
of cardinal significance.

Human carcinomas induce an immune response in the
tumor microenvironment (TME) [3]. However, emerging evi-
dence has established the role of different immunosuppres-
sive cells, such as myeloid-derived suppressor cells (MDSC)
and regulatory T cells (Treg), in cancer bearing hosts. MDSC
are a heterogeneous population of myeloid progenitor and
activated myeloid cells, halted at varying stages of maturation
and differentiation that exhibit a potent immunosuppressive
activity against T-cell responses [4]. Myeloid cells gener-
ated in bone marrow differentiate into mature granulocytes,
macrophages or dendritic cells. However, pathological condi-
tions such as cancers result in accumulation of a morphologi-
cal mixture of granulocytic and monocytic MDSC in TME
and circulation through various factors produced by tumors
or activated T cells [5]. The heterogeneous nature of MDSC
together with functional and phenotypical overlap with other
myeloid populations has, therefore, made it challenging to
identify these cells. The majority of studies on MDSC in
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breast cancer have been carried out on murine models by
developing spontaneous tumors due to predisposing muta-
tions leading to breast cancer development or through trans-
plantation of tumors in xenografts [6]. Limited data are avail-
able for the conclusive phenotypical profiling of myeloid
cells in circulation and the TME of breast cancer patients and
their correlation with clinical settings.

MDSC in humans are commonly defined as cells which
express common myeloid markers CD33 and CD11b but
lack the expression of HLA-DR, and are further divided
into monocytic MDSC (M-MDSC) or granulocytic MDSC
(G-MDSC) based on the expression of CD14 and CD15,
respectively, while immature MDSC (IM-MDSC) or early-
stage MDSC (e-MDSC) lack CD14 and CD15 expression
[7]. MDSC exert their suppressive role through increased
production of suppressive factors such as Arginase 1
(ARG1), nitric oxide and reactive oxygen and/or reactive
nitrogen species along with modulating the production of
various cytokines [8]. Several studies have shown the phe-
notypical and functional similarities between G-MDSC
and neutrophils [9]. The term G-MDSC has recently been
revised to polymorphonuclear MDSC (PMN-MDSC)
to differentiate between steady-state neutrophils and
G-MDSC, which have fewer granules and increased ARG1
and CD11b expression [7]. Immunosuppression by tumor-
associated neutrophils (TAN) uses similar mechanisms as
MDSC and elevated neutrophil to lymphocyte ratio (NLR)
is considered as a poor prognostic factor in cancer patients
[10].

In this study, we investigated the phenotypes and lev-
els of myeloid cells in circulation and tumors from pri-
mary breast cancer (PBC) patients, and compared their
levels with peripheral blood from healthy donors and
paired, adjacent non-tumor breast tissue, respectively. We
found that the immune profile of the TME of breast cancer
patients is not reflected in circulation; there was an expan-
sion of granulocytic and immature myeloid cells in the
tumors but not in the periphery. Furthermore, there was no
association between levels of circulating myeloid cells and
patients’ TNM stage or histological grade. This disparity in
peripheral blood and tumors provides a better understand-
ing of the role of myeloid cells in the TME of breast can-
cer patients, and therefore, offers new facets for the devel-
opment of therapeutic modalities to target the expanded
immunosuppressive populations in the TME.

Materials and methods

Ethical approval and study subjects

The study was conducted with an ethical approval from Al
Ain Medical District Research Ethics committee, Al Ain,
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United Arab Emirates (Protocol No. 13/23-CRD 244/13).
All participating individuals provided written informed
consent before sample collection. Peripheral blood from
healthy donors (HD, n=21) and primary breast cancer
patients (PBC, n=23) were collected in heparinized tubes
(200 IU). Tumor and paired, adjacent non-tumor breast tis-
sue specimens were collected from breast cancer patients
(n=7) following surgery. Patients did not receive any
treatment prior to sample collection. Table 1 shows the
clinical and pathological characteristics of all participating
individuals.

Enzyme disaggregation of tumor and normal tissues
for cell isolation

Enzyme disaggregation (ED) of fresh tumor and normal
tissues from breast cancer patients, collected in cold RPMI-
1640 media was performed on a rollover mixer at 37 °C for
60 min. Briefly, tissues were first washed with phosphate
buffered saline (PBS) and then mechanically cut into small
fragments (2—4 mm) using a surgical scalpel. Tissues were
then suspended into RPMI-1640 media with 1% Penicillin/
Streptomycin and an enzyme cocktail, consisting of 1 mg/
ml Collagenase (Sigma—Aldrich, Dorset, UK), 100 pg/ml

Table 1 Characteristic features of study populations

HD PBC

Number 21 23
Age (median) 29 (19-51)* 48 (27-65)*
Gender (Male: female) 9:12 0:23
TNM stage

I 9 (3)°

1| 11 (3)°

11 3 (1P
Tumor size (cm) 2.2 (0.8-4.5)*
Histological grade

Well/moderate 11

Poor/undifferentiated 12
Lymph node invasion 9
Estrogen receptor (ER) positive/negative 16/7
Progesterone receptor (PR) positive/ 13/10

negative
Triple Negative 2
Ki-67 expression

<30% 10

>30%

No information

HD healthy donor, PBC primary breast cancer
# Data shown represent median (range)

b Samples taken from patients for investigating tissue-infiltrating
myeloid cells

Hyaluronidase type V (Sigma—Aldrich) and 30 IU/ml of
Deoxyribonuclease I (Sigma—Aldrich). Cell suspension
was then passed through a 100 um BD Falcon cell strainer
(BD Biosciences, Oxford, UK) to remove debris and aggre-
gates. Cells were then resuspended in RPMI-1640 media
enriched with 10% FCS and 1% Penicillin/Streptomycin
(complete medium) after washing with RPMI-1640 media.

Surface and intracellular staining of whole blood
for flow cytometric analyses

Following collection, all blood samples were stained on
the same day. 200 ul blood from each sample was used
for whole blood staining for MDSC markers; 100 ul used
as nonstained control and 100 pl stained for each sample.
Mouse anti-human CD33-APC (Clone WMS53), mouse
anti-human CD11b-APC-Cy7 (Clone ICRF44), mouse
anti-human HLA-DR-PE (Clone G46-6), mouse anti-
human CD14-PerCP-Cy5.5 (Clone M5E2) and mouse anti-
human CD15-PE-Cy7 (Clone HI98) antibodies were added
to the stained samples. All antibodies used were purchased
from BD Biosciences. Tubes were incubated at 4°C for
25 min. RBC lysis buffer (BD FACS Lysing solution) was
then added to each tube and incubated in the dark for 5 min.
After washing samples twice with PBS, cells were fixed
and permeabilized using fixation/permeabilization buffer
(eBioscience, San Diego, USA), vortexed thoroughly and
incubated at 4°C for 45 min. Samples were then washed
twice with permeabilization wash buffer (eBioscience) and
stained with sheep anti-human/mouse Arginase 1-FITC
antibody (ARG1; R&D Systems, Minneapolis, USA) for
intracellular staining and incubated at 4 °C for 25 min, fol-
lowed by two washes with wash buffer (eBioscience). The
cell pellet was resuspended in 300 ul of flow cytometry
staining buffer (eBioscience) and analyzed on BD FACS-
Canto II flow cytometer (BD Biosciences, San Jose, USA).
Fluorescence minus one (FMO) controls were used to iden-
tify positive populations for ARG1 (Fig. 1) and all other
markers (data now shown). However, day to day variations
in measurements cannot be fully excluded.

Staining of tissue-infiltrating immune cells for flow
cytometric analyses

Staining of immune cells extracted by ED was performed
by blocking the Fc receptor using FcR Blocker (Miltenyi
Biotec, Bergisch Gladbach, Germany). 7AAD viability
dye (eBioscience) was then added, followed by stain-
ing with mouse anti-human CD11b-APC-Cy7 (BD Bio-
sciences), mouse anti-human CD33-FITC (BioLegend,
San Diego, USA), mouse anti-human HLA-DR-PE (BD
Biosciences), CD14-PE-Cy7 (eBioscience) and mouse
anti-human CD15-APC (BioLegend). After incubation at
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Fig. 1 Gating strategy of myeloid cells. Representative flow cytomet-
ric plots showing the gating strategy used to identify myeloid cells in
peripheral blood of HD and PBC patients. Fresh whole blood from
a PBC patient was stained for MDSC markers. CD33* cells were
gated first from live cells, followed by gating CD11b* cells within
the CD33* parent population and then HLA-DR™Y cells from

4°C for 25 min, samples were washed twice with PBS
and the pellets were resuspended in 300 pl flow cytom-
etry staining buffer (eBioscience) and analyzed using BD
FACSCanto II flow cytometer. Some tumor-infiltrating
immune cells were also stained for ARG1 expression,
as described above, with the addition of Fixable Viabil-
ity Dye eFluor® 780 (FVD780; eBioscience) to gate live
cells. Flow cytometric data were analyzed using BD
FACSuite software (BD Biosciences).
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CD33*CD11b* parent population. Monocytic myeloid cells were
identified as CD14% cells, while granulocytic myeloid cells were
identified based on the expression of CD15. ARG1 expression in each
subset was recorded by gating the corresponding parent populations,
respectively. FMO controls for ARG1 staining for M-MDSC and
N/G-MDSC are shown

Statistical analyses

Statistical analyses were performed using GraphPad Prism
5.0 software (GraphPad Software, San Diego, USA). Sha-
piro—-Wilk normality test followed by paired/Wilcoxon
matched-pairs signed rank test or unpaired/Mann—Whitney
tests were used to examine the differences within groups
or between groups, respectively. A P value of <0.05 was
considered statistically significant. The data are presented
as means+SEM with the levels of cells measured as
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relative percentages or calculated percentages from par-
ent population(s). The relative percentage of each popula-
tion subset was multiplied by the relative percentage of its
respective parent population and the resulting value was
presented as calculated percentage. Flow cytometric plots
show representative examples of the relative percentage of
each population subset from its parent population, while
calculated percentages of each population were used to
compare the levels of myeloid cells between study cohorts
as shown in the scatter plots.

Results

Myeloid cells are not expanded in peripheral blood
of PBC patients, compared to healthy donors

In this study, we investigated levels and phenotype of cir-
culating- and tumor-infiltrating myeloid cells. Representa-
tive flow cytometric plots for the gating strategy is shown
in Fig. 1. Previous studies described human MDSC as
cells lacking the expression of markers for mature lym-
phocytes, monocytes, NK cells and granulocytes [11].
MDSC can be identified as CD33*CD11b*HLA-DR™"
cells and further categorized into monocytic, granulocytic
or immature cells based on the expression or lack of
expression of CD14 and CD15. There was no significant
increase in the levels of circulating CD33% cells between
breast cancer patients and HD (HD; 78.0+2.9 vs PBC;
77.0+2.9, Fig. 2a). Further analysis did not show
any expansion in the levels of CD33*CD11b* cells
(HD; 74.6+2.6 vs PBC; 743+3.0; Fig. 2b) and
CD33*CD11b*HLA-DR™¥ cells in PBC patients com-
pared with HD (HD; 70.9+2.4 vs PBC; 71.4 +3.4; Fig. 2¢).
Furthermore, PBC patients did not show any expan-
sion in the levels of CD33*CD11b*HLA-DR™*CD14*
M-MDSC (HD; 3.2+0.5 vs PBC; 2.4+0.4, Fig. 2d).
Similarly, there was no difference in the levels of circulat-
ing CD15% cells within the CD33*CD11b*HLA-DR™"
populations (HD; 67.1+2.1 vs PBC; 68.5+3.0, Fig. 2e).
Indeed, CD33*CDI11b*HLA-DR™°¥CDI15% population
includes both neutrophils and G-MDSC due to the pheno-
typical and functional overlap between the two populations
[12]. Thus, we referred to these cells as N/G-MDSC. Addi-
tionally, there was no significant expansion in levels of cir-
culating IM-MDSC which lacked expression of both CD14
and CD15 (HD; 0.8 +0.1 vs PBC; 0.9+0.2; Fig. 2f).

Cells expressing MHC class II molecule HLA-DR have
antigen presenting properties. We compared the levels of
CD33*CD11b™HLA-DR* myeloid cells between cancer
patients and HD. Although there was a reduction in lev-
els of circulating antigen-presenting cells (APC) in cancer

patients (HD; 3.6 +£0.5 vs PBC; 2.9+0.5; Fig. 2g), the data
did not reach statistical significance.

We also compared the levels of circulating myeloid
cells between breast cancer patients (n=23) and female
healthy donors (HD(F); n=12). As shown in Supple-
mentary Fig. 1, HD(F) had similar levels of circulat-
ing CD33" (HD(F); 79.6+3.7 vs PBC;77.0+2.9),
CD33*CD11b* (HD(F); 76.9+3.5 vs PBC;74.3+3.0)
and CD33*CD11b*HLA-DR™¥ cells (HD(F); 73.3+3.4
vs PBC;71.4+3.1), compared to PBC patients (Supple-
mentary Figs. 1A-C). Likewise, there was no expansion
in circulating M-MDSC and N/G-MDSC in PBC patients
compared to HD(F) (Supplementary Fig. ID&E) or in cir-
culating IM-MDSC (HD(F); 0.9+0.2 vs PBC;0.9+0.2)
and APC (HD(F);3.5+0.6 vs PBC; 2.9+0.5, Supplemen-
tary Figs. 1IF&G).

Additionally, we compared the levels of circulating mye-
loid cells between male and female control donors to rule
out any gender dependent effect; there were no significant
differences between circulating M-MDSC, G-MDSC, IM-
MDSC or APC between the two cohorts (Supplementary
Fig. 2). Furthermore, it should be noted that the median
age of our HD cohort was lower than that for PBC patients
(HD; 29 years vs PBC; 48 years, Table 1).

ARG1 expression in MDSC subsets

MDSC express high levels of ARG1, which assists in their
inhibition of T-cell proliferation and cytotoxicity, expan-
sion of Treg and inhibition of NK cells [13]. We confirmed
the immunosuppressive potential of myeloid cells by exam-
ining the expression of ARG1. There was no significant dif-
ference in the overall levels of ARG1 expressing circulating
M-MDSC (HD; 0.6+0.2 vs PBC; 0.7+0.2; Fig. 2h) and
N/G-MDSC (HD; 45.3+3.7 vs PBC; 54.3+4.0; Fig. 2i)
in breast cancer patients and HD. Furthermore, in line
with previous reports [14], our study showed that granulo-
cytic myeloid cells expressed higher levels of ARGI1 than
monocytic cells in both study groups. Moreover, we found
similar results when we compared the levels of circulating
myeloid cell subsets with ARG1 expression in HD(F) with
PBC patients as shown in Supplementary Fig. IH&I and
also when we compared HD(M) with HD(F) (Supplemen-
tary Fig. 2H&I).

Breast cancer patients with high-stage tumors and/
or poorly differentiated tumor cells have similar levels
of circulating myeloid cells as those with low-stage
tumors and/or well-differentiated tumors

We investigated the potential correlation between lev-

els of circulating myeloid cells with tumor stage and
histological grade. Cancer patients were divided into
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Fig. 2 Comparisons of levels of different subsets of circulating mye-
loid cells between HD and PBC patients. Peripheral blood from 21
HD and 23 PBC patients was stained for myeloid markers. Scatter
plots show the mean of calculated percentages +SEM of CD33™ cells
(a), CD33*CD11b" cells (b), CD33*CD11b"HLA-DR ™Y cells (c),

groups based on tumor stage and histological grade,
and we compared the levels of circulating myeloid cells
between these groups. For TNM stage, we compared
patients with stage I tumors (n=9) with those presented
with higher tumor stage and regional lymph node inva-
sive stage II and III tumors (n=14). When we compared
the levels of circulating myeloid cells between HD and
PBC patients with different tumor stages, there were no
significant differences between them (data not shown).
There were also no differences in the levels of M-MDSC,
N/G-MDSC, IM-MDSC and APC between patients with
stage I tumors compared with stage II and III patients as
shown in Fig. 3a, b. Patients were also divided into two
groups based on histological grade: those with well to
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CD337CD11b*HLA-DR°*CD14* cells (d), CD33*CD11b"HLA-
DR™YCD15" cells (e), CD33*CD11b*HLA-DR™°YCD14~CD15~
cells (f), CD33*CD11b*HLA-DR* cells (g), CD33*CD11b"HLA-
DR°YCD14*ARGI* cells (h) and CD33*CDI11b"HLA-DR™o¥
CD15*ARG1* cells (i)

moderately defined tumor cells with histological grades
I and IT (n=11), and patients who presented with poorly
defined or undifferentiated tumors with histological grade
Il (n=12). There were no significant differences in
the levels of myeloid cells (Fig. 3¢) or HLA-DR* APC
(Fig. 3d) between patients with different histological
grades. Additionally, there was no significant difference
in levels of circulating myeloid cells between breast can-
cer patients with low Ki-67 expression (<30%, n=10)
and patients with high Ki-67 expression (>30%, n=38) (P
values >0.05, data not shown). Similarly, there were no
significant differences in levels of myeloid cells between
patients positive for estrogen receptor (ER+; n=16)
or progesterone receptor (PR+; n=13) compared to
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Fig. 3 Comparisons of levels of different subsets of circulat-
ing myeloid cells between PBC patients with different tumor
stages and histological grades. Scatter plots showing calcu-
lated percentages+=SEM of CD33*CDI11b*HLA-DR™°¥CD14*
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ER—- (n=7) and PR— (n=10) patients (P values >0.05,
data not shown).

Myeloid cells are expanded in breast tumor tissue
compared to paired, adjacent non-tumor breast tissue

One of the main objectives of our study was to investigate
phenotype and levels of myeloid cells in the TME of breast
cancer patients, compared with paired, adjacent non-tumor
normal breast tissue. Representative flow cytometric plots
showing differences in levels of myeloid cells between nor-
mal tissue (NT) and tumor tissue (TT) of a PBC patient
are shown in Fig. 4a. Interestingly, in contrast to periph-
eral blood, we found significant differences in the levels
of myeloid cells in the TME milieu compared with normal
breast tissue of seven breast cancer patients (Fig. 4b). The
levels of CD33% cells (NT; 3.0+1.0 vs TT; 25.7+4.0),
CD33*CD11b" cells (NT; 0.6+0.2 vs TT; 9.4+3.7) and
CD33*CD11b*HLA-DR™Y cells (NT; 0.5+0.2 vs TT;
8.0+3.5) were significantly higher in TT compared to NT.
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with stage I (n=9) compared to stage II and III patients (n=14) (a)
and calculated percentages+SEM of CD33*CD11b*HLA-DR*
APC (b). Scatter plots showing calculated percentages+SEM of
M-MDSC, N/G-MDSC and IM-MDSC in patients with histological
grade I and II (n=11) compared to grade III patients (n=12) (¢) and
calculated percentages + SEM of APC (d)

Expanded myeloid cells in the TME of breast cancer
patients are mainly N/G-MDSC and IM-MDSC

To find out if the expanded myeloid subpopulations in
the TME of PBC patients are monocytic, granulocytic or
immature, we analyzed CD14 and CD15 expression within
the CD33*CD11b*HLA-DR™" populations (Fig. 4a,
c). The levels of CD15" cells were significantly higher in
the TME compared with paired, adjacent non-tumor nor-
mal breast tissue (NT; 0.01£0.0 vs TT 0.1+0.1). Fur-
thermore, we found a significant increase in the levels of
CD33*CD11b*HLA-DR™°"CD14"CD15~ cells identi-
fied as IM-MDSC in tumor tissue (NT; 0.5+0.2 vs TT;
7.8+3.5). In contrast, there was no significant increase in
CD14" M-MDSC in tumor compared to normal tissue (NT;
0.01+0.01 vs TT; 0.05 +0.02). Interestingly, we also found
significantly higher levels of CD33*CD11b*HLA-DR*
cells identified as APC of myeloid origin in the TME (NT;
0.03+0.01 vs TT; 1.4+0.4; Fig. 4d). Importantly, ARG1
was highly expressed in cells isolated from TT (Fig. 4e).
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Fig. 4 Tissue-infiltrating immune cells. a Representative flow
cytometric plots showing levels of different subsets of mye-
loid cells in normal tissue (NT) and corresponding tumor tis-
sue (TT) of 7 PBC patients. Doublets were excluded and live
cells were first gated. Scatter plots showing mean of calcu-
lated percentages+SEM of myeloid cell subsets (b), and calcu-
lated percentages+SEM of CD33*CDI11b*HLA-DR°*CD14*
M-MDSC, CD33*CD11b*HLA-DR™°"CD15* N/G-MDSC and

However, we could not generate sufficient data for statisti-
cal analyses due to limited cell numbers.

Discussion

Studying the immune profile of the TME in solid cancers
is an active area of research. Tumor-infiltrating lympho-
cytes (TIL), tumor-associated macrophages (TAM), Treg
and MDSC are widely recognized as prognostic or predic-
tive markers for cancer progression. Early studies on lym-
phocytic infiltration in the TME of breast cancer patients
showed a close correlation with disease prognosis [15]
and were found to have beneficial effects on survival [16].
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IM-MDSC in TT compared with adjacent NT. Means of calculated
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with inset showing APC expansion in TT compared with adjacent NT
(d). Flow cytometric plots showing ARG1 expression in cells isolated
from TT of one breast cancer patient (e). Live cells were gated first
using FVD780 and FMO control for ARG is shown

Several studies have since established certain subsets of
TIL, mainly CD8* T cells as a good prognostic factor in
various human cancers [3, 17]. In contrast, tumor infil-
tration and expansion in periphery of immunosuppres-
sive cells has been shown to correlate with poor progno-
sis and tumor progression in various human malignancies
[18]. MDSC and Treg are recognized as key players in
the negative regulation of immune responses. Expansion
of MDSC has been reported in different human cancers
including head and neck, colon, renal, prostate and melano-
mas [8]. Almand et al. reported an expansion of immature
myeloid cells in peripheral blood from patients with head
and neck and colon cancers that decreased after removal
of tumors from these patients [19]. However, limited data
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are available on MDSC levels in circulation and matched
tumor tissues from cancer patients and their relation with
clinical settings. The heterogeneous nature of MDSC due
to the varying stages of differentiation at which they were
halted, makes it challenging to identify these cells. Further-
more, this gives rise to a morphological mixture of cells,
which share many phenotypical and functional character-
istics of other cellular populations of myeloid origin. In
the present study, we investigated phenotype and levels of
tumor-infiltrating and circulating myeloid cells in untreated
patients with primary breast cancer.

Several studies have emphasized on the significance of
sample handling and processing when monitoring MDSC
levels in circulation and are in agreement over the adverse
effects of cryopreservation and the delayed time points at
which MDSC analysis was carried out following blood
collection [20-22]. Mandruzzato et al. suggested to per-
form analysis on fresh blood to prevent possible loss of
some MDSC subsets mainly G-MDSC. Fresh blood analy-
sis also minimizes attenuation of cell surface markers due
to Ficoll grade separation [23]. Therefore, we used fresh
whole blood for all our analysis on levels of myeloid cells
in circulation.

Previous work on MDSC in breast cancer has mainly
been performed on murine models. MDSC in mice express
CD11b and Gr-1 with monocytic or granulocytic subsets
identified by expression of Ly6C and Ly6G, respectively
[5]. Accumulating evidence in murine models has shown
the significance of MDSC in development and progression
of breast cancer [24]. However, these models do not fully
reflect the expression levels, cellular functionality of pro-
teins or genes found in human breast tissue [6].

We have recently shown that N/G-MDSC are expanded
in the peripheral blood and the TME of patients with
colorectal cancer [25]. However, we did not find similar
expansion of myeloid cells in circulation of breast can-
cer patients. Previous studies on MDSC in breast cancer
patients have reported an expansion in patients mainly with
advanced metastatic disease [26—28]. However, the lack of
consistency of markers and criterion to identify MDSC in
these studies and more importantly the clinical presenta-
tion of study populations might account for discrepancies
in results. Diaz-Montero et al. [26] and Solito et al. [27]
identified MDSC as Lin°YHLA-DR~CD33*CD11b* cells
in patients with advanced breast cancers, while Yu et al.
identified MDSC as CD45*CD13*CD14°CD15~ cells
with suppressive activity, assessed through IDO expres-
sion and reported expansion that correlated with lymph
node metastasis in breast cancer patients [28]. Interest-
ingly, they reported that IDO expression was significantly
upregulated in tumor-infiltrating MDSC than in periphery,
thereby suggesting immunosuppressive role of MDSC in
tissue and not in circulation [28]. Additionally, Bergenfelz

et al. reported an expansion of CD14THLA-DR™°Y mono-
cytic MDSC in circulation in patients with metastatic
breast cancer and this expansion correlated with disease
severity [29]. Another study showed an expansion of
CD33*HLA-DR°*CD15*CD11b* MDSC in peripheral
blood of breast cancer patients with high psychological
stress compared to those with lower stress levels, thereby
suggesting an association between stress and immune func-
tion in breast cancer patients [30].

The main finding in this study is that myeloid cells in
the peripheral blood of this breast cancer cohort do not dif-
fer when compared to healthy individuals, but when assess-
ing the levels in tumor vs surrounding healthy tissue, the
levels were significantly higher in the TME. We found a
significant expansion of CD337CD11b*HLA-DR ™" mye-
loid cells in the TME of breast cancer patients. These cells
were mainly granulocytic, which include neutrophils and
G-MDSC, along with IM-MDSC. Expansion of neutro-
phils results in suppression of cytolytic activity of immune
cells and high NLR is associated with poor prognosis and
reduced overall survival in various human malignancies
[31]. We also report an expansion of APC of myeloid ori-
gin in the TME of PBC patients, based on expression of
HLA-DR, which is expressed only on professional APC.
APC of myeloid lineage include DC and monocytes. Infil-
tration of DC has been reported in various solid tumors
and has shown to be associated with both good and worse
prognosis [32, 33]. The association of tumor-infiltrating
DC with worse prognosis in some cancers can be attrib-
uted to reduced antigen presentation of DC [34]. Studies
have shown tumor-induced functional deficiency of DC
in breast cancer patients and reduced antigen-presenting
functions in expanded Lin "HLA-DR* cells in peripheral
blood of cancer patients [35]. Sathhaporn et al. showed
defective DC function in peripheral blood from breast can-
cer patients with decreased IL-12 production, which could
assist in tumor progression [36], and Kitchler-Lakomy
et al. showed reduced functional activity of DC in periph-
eral blood of breast cancer patients, which also exhibited
immature morphology [37]. Therefore, the expanded HLA-
DR* cells in TME in this study require further functional
investigation. Furthermore, association between MDSC
levels and administration of therapeutic modalities have
also been reported. Diaz-Montero et al. reported a signifi-
cant increase of G-MDSC in breast cancer patients who
received adjuvant chemotherapy [26]. MDSC have been
proposed as predictive markers for patients’ survival in var-
ious diseases. Bailur et al. demonstrated a negative role of
MDSC and Treg in the prognosis of breast cancer patients
by investigating the association between MDSC and CD8*
cells in older untreated breast cancer patients [38].

Breast cancer staging is widely accepted as a use-
ful tool to estimate disease prognosis. Around 5-12% of
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breast cancer patients presenting with stage I or II tumors
die within 10 years of diagnosis compared to over 60%
of stage III and over 90% of stage IV patients [39]. Diaz-
Montero et al. reported a significant increase of MDSC in
peripheral blood from patients with stage IV breast can-
cers which correlated with metastatic tumor burden [26].
Solito et al. showed that the levels of immunosuppressive
MDSC in stage IV advanced breast cancer patients corre-
lated with circulating tumor cells and patients with higher
levels had reduced overall survival compared to patients
with lower levels [27]. However, we did not find any cor-
relation between circulating myeloid cells and patient
staging, arguably due to the fact that patients in our study
cohort, in contrast to these studies, presented with initial
stages of cancer; none of the patients in our study group
presented with distant metastasis. Histologic grading in
breast cancers evaluates tubule formation, nuclear pleo-
morphism and mitotic count [40]. Therefore, tumor histo-
logical grades are considered as stage-independent prog-
nostic coefficients that reflect the metastatic potential of
the tumor. We divided our cohort into two groups based
on histological grades and compared circulating myeloid
cell levels between them but did not find any difference
between the groups.

Several proinflammatory molecules secreted by tumor
cells are responsible for the recruitment of MDSC in the
TME where they inhibit immune responses through vari-
ous mechanisms, such as depletion of nutrients required
for lymphocytes, inducing oxidative stress and activating
Treg [28]. ARGI is involved in metabolism of L-Arginine,
required for T cell activation and reduces the expression of
T cell receptor CD3( chain and impairs T-cell response [41,
42]. In line with previous studies [43], we investigated the
immunosuppressive potential of myeloid cells by confirm-
ing the expression of ARG by circulating myeloid cells.

In conclusion, we showed that myeloid cells are
expanded in the TME of breast cancer patients, and these
cells comprise of immature and granulocytic myeloid cells.
Interestingly, we did not find any expansion of myeloid
cells in peripheral blood from breast cancer patients. These
findings are of great significance in the development of
therapeutic agents to target the mechanisms employed by
immunosuppressive cells in providing an immune-permis-
sive environment for the progression of cancer.

Acknowledgements We are grateful to all patients and healthy
donors for their donation of samples. This work was supported by
grants from the United Arab Emirates Program of Advanced research
(Grant No. 31M190) and the Terry Fox Foundation (Grant No.
21M094).

Compliance with ethical standards

Conflict of interest All authors declare no conflict of interest.

@ Springer

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal
A (2015) Global cancer statistics, 2012. CA Cancer J Clin
65(2):87-108. doi:10.3322/caac.21262

2. Weigelt B, Peterse JL, van ‘t Veer L] (2005) Breast cancer
metastasis: markers and models. Nat Rev Cancer 5(8):591-602.
doi:10.1038/nrc1670

3. de la Cruz-Merino L, Barco-Sanchez A, Henao Carrasco
F, Nogales Fernindez E, Vallejo Benitez A, Brugal Molina
J, Martinez Peinado A, Grueso Ldpez A, Ruiz Borrego M,
Codes Manuel de Villena M, Sanchez-Margalet V, Nieto-
Garcia A, Alba Conejo E, Casares Lagar N, Ibafiez Martinez
J (2013) New insights into the role of the immune microenvi-
ronment in breast carcinoma. Clin Dev Immunol 2013:785317.
doi:10.1155/2013/785317

4. Toor SM, Elkord E (2015) Myeloid-derived suppressor cells.
eL.S:1-8. doi:10.1002/9780470015902.20024245/full

5. Gabrilovich DI, Nagaraj S (2009) Myeloid-derived suppres-
sor cells as regulators of the immune system. Nat Rev Immunol
9(3):162—174. doi:10.1038/nri2506

6. Markowitz J, Wesolowski R, Papenfuss T, Brooks TR, Car-
son WE 3rd (2013) Myeloid-derived suppressor cells in breast
cancer. Breast Cancer Res Treat 140(1):13-21. doi:10.1007/
$10549-013-2618-7

7. Bronte V, Brandau S, Chen SH, Colombo MP, Frey AB, Greten
TF, Mandruzzato S, Murray PJ, Ochoa A, Ostrand-Rosen-
berg S, Rodriguez PC, Sica A, Umansky V, Vonderheide RH,
Gabrilovich DI (2016) Recommendations for myeloid-derived
suppressor cell nomenclature and characterization standards. Nat
Commun 7:12150. doi:10.1038/ncomms 12150

8. Khaled YS, Ammori BJ, Elkord E (2013) Myeloid-derived sup-
pressor cells in cancer: recent progress and prospects. Immunol
Cell Biol 91(8):493-502. doi:10.1038/icb.2013.29

9. Moses K, Brandau S (2016) Human neutrophils: their role in
cancer and relation to myeloid-derived suppressor cells. Semin
Immunol 28(2):187-196. doi:10.1016/j.smim.2016.03.018

10. Chen J, Deng Q, Pan Y, He B, Ying H, Sun H, Liu X, Wang
S (2015) Prognostic value of neutrophil-to-lymphocyte ratio
in breast cancer. FEBS Open Bio 5:502-507. doi:10.1016/j.
fob.2015.05.003

11. Almand B, Clark JI, Nikitina E, van Beynen J, English NR,
Knight SC, Carbone DP, Gabrilovich DI (2001) Increased
production of immature myeloid cells in cancer patients:
a mechanism of immunosuppression in cancer. J Immunol
166(1):678-689

12. Brandau S, Moses K, Lang S (2013) The kinship of neutrophils
and granulocytic myeloid-derived suppressor cells in cancer:
cousins, siblings or twins? Semin Cancer Biol 23(3):171-182.
doi:10.1016/j.semcancer.2013.02.007

13. Gantt S, Gervassi A, Jaspan H, Horton H (2014) The role of
myeloid-derived suppressor cells in immune ontogeny. Front
Immunol 5:387. doi:10.3389/fimmu.2014.00387

14. Munder M, Mollinedo F, Calafat J, Canchado J, Gil-Lamaig-
nere C, Fuentes JM, Luckner C, Doschko G, Soler G, Eich-
mann K, Muller FM, Ho AD, Goerner M, Modolell M (2005)


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.1038/nrc1670
http://dx.doi.org/10.1155/2013/785317
http://dx.doi.org/10.1002/9780470015902.a0024245/full
http://dx.doi.org/10.1038/nri2506
http://dx.doi.org/10.1007/s10549-013-2618-7
http://dx.doi.org/10.1007/s10549-013-2618-7
http://dx.doi.org/10.1038/ncomms12150
http://dx.doi.org/10.1038/icb.2013.29
http://dx.doi.org/10.1016/j.smim.2016.03.018
http://dx.doi.org/10.1016/j.fob.2015.05.003
http://dx.doi.org/10.1016/j.fob.2015.05.003
http://dx.doi.org/10.1016/j.semcancer.2013.02.007
http://dx.doi.org/10.3389/fimmu.2014.00387

Cancer Immunol Immunother (2017) 66:753-764

763

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Arginase I is constitutively expressed in human granulocytes
and participates in fungicidal activity. Blood 105(6):2549-2556.
doi:10.1182/blood-2004-07-2521

Di Paola M, Angelini L, Bertolotti A, Colizza S (1974) Host
resistance in relation to survival in breast cancer. Br Med J
4(5939):268-270

Aaltomaa S, Lipponen P, Eskelinen M, Kosma VM, Marin
S, Alhava E, Syrjanen K (1992) Lymphocyte infiltrates as a
prognostic variable in female breast cancer. Eur J Cancer 28
A(4-5):859-864

Mao Y, Qu Q, Zhang Y, Liu J, Chen X, Shen K (2014) The
value of tumor infiltrating lymphocytes (TILs) for predicting
response to neoadjuvant chemotherapy in breast cancer: a sys-
tematic review and meta-analysis. PLoS ONE 9(12):e115103.
doi:10.1371/journal.pone.0115103

Chaudhary B, Abd Al Samid M, al-Ramadi BK, Elkord E
(2014) Phenotypic alterations, clinical impact and therapeutic
potential of regulatory T cells in cancer. Expert Opin Biol Ther
14(7):931-945. doi:10.1517/14712598.2014.900539

Almand B, Resser JR, Lindman B, Nadaf S, Clark JI, Kwon
ED, Carbone DP, Gabrilovich DI (2000) Clinical significance of
defective dendritic cell differentiation in cancer. Clin Cancer Res
6(5):1755-1766

Grutzner E, Stirner R, Arenz L, Athanasoulia AP, Schrodl K,
Berking C, Bogner JR, Draenert R (2016) Kinetics of human
myeloid-derived suppressor cells after blood draw. J Transl Med
14:2. doi:10.1186/s12967-015-0755-y

Florcken A, Takvorian A, Singh A, Gerhardt A, Ostendorf BN,
Dorken B, Pezzutto A, Westermann J (2015) Myeloid-derived
suppressor cells in human peripheral blood: optimized quan-
tification in healthy donors and patients with metastatic renal
cell carcinoma. Immunol Lett 168(2):260-267. doi:10.1016/j.
imlet.2015.10.001

Mandruzzato S, Solito S, Falisi E, Francescato S, Chiarion-Sileni
V, Mocellin S, Zanon A, Rossi CR, Nitti D, Bronte V, Zano-
vello P (2009) IL4Ralpha + myeloid-derived suppressor cell
expansion in cancer patients. J Immunol 182(10):6562-6568.
doi:10.4049/jimmunol.0803831

Stanojevic I, Miller K, Kandolf-Sekulovic L, Mijuskovic Z,
Zolotarevski L, Jovic M, Gacevic M, Djukic M, Arsenijevic
N, Vojvodic D (2016) A subpopulation that may correspond to
granulocytic myeloid-derived suppressor cells reflects the clini-
cal stage and progression of cutaneous melanoma. Int Immunol
28(2):87-97. doi:10.1093/intimm/dxv053

Donkor MK, Lahue E, Hoke TA, Shafer LR, Coskun U, Solheim
JC, Gulen D, Bishay J, Talmadge JE (2009) Mammary tumor
heterogeneity in the expansion of myeloid-derived suppressor
cells. Int Immunopharmacol 9(7-8):937-948. doi:10.1016/j.
intimp.2009.03.021

Toor SM, Khaja ASS, El Salhat H, Bekdache O, Kanbar J, Jal-
oudi M, Elkord E (2016) Increased levels of circulating and
tumor-infiltrating granulocytic myeloid cells in colorectal cancer
patients. Front Immunol 7:560. doi:10.3389/fimmu.2016.00560
Diaz-Montero CM, Salem ML, Nishimura MI, Garrett-Mayer
E, Cole DJ, Montero AJ (2009) Increased circulating myeloid-
derived suppressor cells correlate with clinical cancer stage,
metastatic tumor burden, and doxorubicin-cyclophosphamide
chemotherapy. Cancer Immunol Immunother 58(1):49-59.
doi:10.1007/s00262-008-0523-4

Solito S, Falisi E, Diaz-Montero CM, Doni A, Pinton L, Rosato
A, Francescato S, Basso G, Zanovello P, Onicescu G, Garrett-
Mayer E, Montero AJ, Bronte V, Mandruzzato S (2011) A human
promyelocytic-like population is responsible for the immune
suppression mediated by myeloid-derived suppressor cells.
Blood 118(8):2254-2265. doi:10.1182/blood-2010-12-325753

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

YuJ, Du W, Yan F, Wang Y, Li H, Cao S, Yu W, Shen C, Liu
J, Ren X (2013) Myeloid-derived suppressor cells suppress anti-
tumor immune responses through IDO expression and correlate
with lymph node metastasis in patients with breast cancer. J
Immunol 190(7):3783-3797. doi:10.4049/jimmunol.1201449
Bergenfelz C, Larsson AM, von Stedingk K, Gruvberger-
Saal S, Aaltonen K, Jansson S, Jernstrom H, Janols H, Wullt
M, Bredberg A, Ryden L, Leandersson K (2015) Systemic
monocytic-MDSC are generated from monocytes and correlate
with disease progression in breast cancer patients. PLoS ONE
10(5):¢0127028. doi: 10.1371/journal.pone.0127028
Mundy-Bosse BL, Thornton LM, Yang HC, Andersen BL,
Carson WE (2011) Psychological stress is associated with
altered levels of myeloid-derived suppressor cells in breast
cancer patients. Cell Immunol 270(1):80-87. doi:10.1016/j.
cellimm.2011.04.003

Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE,
Aneja P, Ocana A, Leibowitz-Amit R, Sonpavde G, Knox JJ,
Tran B, Tannock IF, Amir E (2014) Prognostic role of neutro-
phil-to-lymphocyte ratio in solid tumors: a systematic review and
meta-analysis. J Natl Cancer Inst 106 (6):djul24. doi:10.1093/
jnci/djul24

Ma Y, Shurin GV, Peiyuan Z, Shurin MR (2013) Dendritic
cells in the cancer microenvironment. J Cancer 4(1):36—44.
doi:10.7150/jca.5046

Tran Janco JM, Lamichhane P, Karyampudi L, Knutson KL
(2015) Tumor-infiltrating dendritic cells in cancer pathogenesis.
J Immunol 194(7):2985-2991. doi:10.4049/jimmunol.1403134
Gabrilovich DI, Corak J, Ciernik IF, Kavanaugh D, Carbone
DP (1997) Decreased antigen presentation by dendritic cells in
patients with breast cancer. Clin Cancer Res 3(3):483—490
Pinzon-Charry A, Ho CS, Laherty R, Maxwell T, Walker D,
Gardiner RA, O’Connor L, Pyke C, Schmidt C, Furnival C,
Lopez JA (2005) A population of HLA-DR + immature cells
accumulates in the blood dendritic cell compartment of patients
with different types of cancer. Neoplasia 7(12):1112-1122
Satthaporn S, Robins A, Vassanasiri W, El-Sheemy M, Jibril JA,
Clark D, Valerio D, Eremin O (2004) Dendritic cells are dysfunc-
tional in patients with operable breast cancer. Cancer Immunol
Immunother 53(6):510-518. doi:10.1007/s00262-003-0485-5
Kichler-Lakomy C, Budinsky AC, Wolfram R, Hellan M,
Wiltschke C, Brodowicz T, Viernstein H, Zielinski CC (2006)
Deficiences in phenotype expression and function of dentritic
cells from patients with early breast cancer. Eur J Med Res
11(1):7-12

Bailur JK, Gueckel B, Derhovanessian E, Pawelec G (2015)
Presence of circulating Her2-reactive CD8 + T-cells is asso-
ciated with lower frequencies of myeloid-derived suppres-
sor cells and regulatory T cells, and better survival in older
breast cancer patients. Breast Cancer Res 17:34. doi:10.1186/
$13058-015-0541-z

Singletary SE, Connolly JL (2006) Breast cancer staging: work-
ing with the sixth edition of the AJCC Cancer Staging Manual.
CA Cancer J Clin 56(1):37-47 (quiz 50-1)

Ignatiadis M, Sotiriou C (2008) Understanding the molecu-
lar basis of histologic grade. Pathobiology 75(2):104-111.
doi:10.1159/000123848

Rodriguez PC, Quiceno DG, Zabaleta J, Ortiz B, Zea AH, Pia-
zuelo MB, Delgado A, Correa P, Brayer J, Sotomayor EM, Anto-
nia S, Ochoa JB, Ochoa AC (2004) Arginase I production in the
tumor microenvironment by mature myeloid cells inhibits T-cell
receptor expression and antigen-specific T-cell responses. Cancer
Res 64(16):5839-5849. doi:10.1158/0008-5472.CAN-04-0465
Ostrand-Rosenberg S (2010) Myeloid-derived suppressor
cells: more mechanisms for inhibiting antitumor immunity.

@ Springer


http://dx.doi.org/10.1182/blood-2004-07-2521
http://dx.doi.org/10.1371/journal.pone.0115103
http://dx.doi.org/10.1517/14712598.2014.900539
http://dx.doi.org/10.1186/s12967-015-0755-y
http://dx.doi.org/10.1016/j.imlet.2015.10.001
http://dx.doi.org/10.1016/j.imlet.2015.10.001
http://dx.doi.org/10.4049/jimmunol.0803831
http://dx.doi.org/10.1093/intimm/dxv053
http://dx.doi.org/10.1016/j.intimp.2009.03.021
http://dx.doi.org/10.1016/j.intimp.2009.03.021
http://dx.doi.org/10.3389/fimmu.2016.00560
http://dx.doi.org/10.1007/s00262-008-0523-4
http://dx.doi.org/10.1182/blood-2010-12-325753
http://dx.doi.org/10.4049/jimmunol.1201449
http://dx.doi.org/10.1371/journal.pone.0127028
http://dx.doi.org/10.1016/j.cellimm.2011.04.003
http://dx.doi.org/10.1016/j.cellimm.2011.04.003
http://dx.doi.org/10.1093/jnci/dju124
http://dx.doi.org/10.1093/jnci/dju124
http://dx.doi.org/10.7150/jca.5046
http://dx.doi.org/10.4049/jimmunol.1403134
http://dx.doi.org/10.1007/s00262-003-0485-5
http://dx.doi.org/10.1186/s13058-015-0541-z
http://dx.doi.org/10.1186/s13058-015-0541-z
http://dx.doi.org/10.1159/000123848
http://dx.doi.org/10.1158/0008-5472.CAN-04-0465

764

Cancer Immunol Immunother (2017) 66:753-764

Cancer Immunol Immunother 59(10):1593-1600. doi:10.1007/
s00262-010-0855-8

43. Zea AH, Rodriguez PC, Atkins MB, Hernandez C, Signoretti S,
Zabaleta J, McDermott D, Quiceno D, Youmans A, O’Neill A,

@ Springer

Mier J, Ochoa AC (2005) Arginase-producing myeloid suppres-
sor cells in renal cell carcinoma patients: a mechanism of tumor
evasion. Cancer Res 65(8):3044-3048. doi:10.1158/0008-5472.
CAN-04-4505


http://dx.doi.org/10.1007/s00262-010-0855-8
http://dx.doi.org/10.1007/s00262-010-0855-8
http://dx.doi.org/10.1158/0008-5472.CAN-04-4505
http://dx.doi.org/10.1158/0008-5472.CAN-04-4505

	Myeloid cells in circulation and tumor microenvironment of breast cancer patients
	Abstract 
	Introduction
	Materials and methods
	Ethical approval and study subjects
	Enzyme disaggregation of tumor and normal tissues for cell isolation
	Surface and intracellular staining of whole blood for flow cytometric analyses
	Staining of tissue-infiltrating immune cells for flow cytometric analyses
	Statistical analyses

	Results
	Myeloid cells are not expanded in peripheral blood of PBC patients, compared to healthy donors
	ARG1 expression in MDSC subsets
	Breast cancer patients with high-stage tumors andor poorly differentiated tumor cells have similar levels of circulating myeloid cells as those with low-stage tumors andor well-differentiated tumors
	Myeloid cells are expanded in breast tumor tissue compared to paired, adjacent non-tumor breast tissue
	Expanded myeloid cells in the TME of breast cancer patients are mainly NG-MDSC and IM-MDSC

	Discussion
	Acknowledgements 
	References


