
Expansion of myeloid derived suppressor cells
correlates with number of T regulatory cells and
disease progression in myelodysplastic syndrome

Astrid Olsnes Kittang1,2,y,*, Shahram Kordasti1,y, Kristoffer Evebø Sand2, Benedetta Costantini1, Anne Marijn Kramer1,
Pilar Perezabellan1, Thomas Seidl1, Kristin Paulsen Rye2, Karen Marie Hagen2, Austin Kulasekararaj1,

Øystein Bruserud2, and Ghulam J. Mufti1

1Department of Haematological Medicine; King’s College London and King’s College Hospital; London, UK; 2Department of Clinical Science; Faculty of Medicine and Dentistry;

University of Bergen; Bergen, Norway

yAOK and Sk contributed equally to the study, and ØB and GJM are joint senior authors.

Keywords: CD4C T cells, CX3CR1, CXCR4, cytokines, flow cytometry, immune-surveillance, AML, MDS, MDSCs, Tregs

Although the role of CD4C T cells and in particular Tregs and Th17 cells is established in myelodysplastic syndrome
(MDS), the contribution of other components of immune system is yet to be elucidated fully. In this study we
investigated the number and function of myeloid derived suppressor cells (MDSCs) in fresh peripheral blood and
matched bone marrow samples from 42 MDS patients and the potential correlation with risk of disease progression to
acute myeloid leukemia (AML). In peripheral blood, very low-/low risk patients had significantly lower median MDSC
number (0.16£109/L(0.03–0.40)) compared to intermediate-/high-/very high risk patients, in whom median MDSC
counts was 0.52£109/L(0.10–1.78), p < 0.005. When co-cultured with CD4C effector T-cells (T-effectors), MDSCs
suppress Teffector proliferation in both allogeneic and autologous settings. There was a positive correlation between
the number of Tregs and MDSCs (Spearman R D 0.825, p < 0.005) in high risk and not low risk patients. We also
investigated MDSCs’ expression of bone marrow-homing chemokine receptors, and our data shows that MDSCs from
MDS patients express both CXCR4 and CX3CR1 which might facilitate migration of MDSCs to bone marrow. Monocytic
MDSCs(M-MDSCs) which are more frequent in the peripheral blood express higher levels of CX3CR1 and CXCR4 than
the granulocytic subtype (G-MDSCs), and circulating M-MDSCs had significantly higher CX3CR1 expression compared to
bone-marrow M-MDSCs in intermediate-/high-/very high risk MDS. Our results suggest that MDSCs contribute
significantly to the dysregulation of immune surveillance in MDS, which is different between low and high risk disease.
It further points at mechanisms of MDSCs recruitment and contribution to the bone marrow microenvironment.

Introduction

MDS is a group of diseases with clonal proliferation of dys-
plastic bone marrow haematopoietic cells. Recent studies have
established that T cell mediated immune dysregulation is an
important feature of MDS. The “immune signature” is substan-
tially different in low and high risk MDS. While the low risk dis-
ease is characterized by the expansion of pro-inflammatory T
cells (in particular Th17), the expansion of T regulatory cells
(Tregs) is the main feature of high risk disease. However, the
mechanism of this immune-signature switch is not fully under-
stood.1 Myeloid derived suppressors cells (MDSCs) are a group
of immature myeloid cells with a potent immunosuppressive

effect which are expanded in an inflammatory environment.2

The role of MDSCs in suppressing immune mediated tumor sur-
veillance and T cell polarization has been demonstrated in solid
tumors.3 It has also been shown that MDSCs not only could
induce myelodysplasia4 but also that targeting them by NK cells
may be therapeutically beneficial in MDS.5 However, it is
unclear whether MDSCs play a similar role in MDS as in solid
tumors in transforming the inflammatory environment in low
risk disease to a more inhibitory environment in high risk MDS.

Two major subsets of MDSCs have been described; Granulo-
cytic (G)-MDSC and monocytic (M)-MDSC, and the frequency
of the subsets vary between different tissues.6 In humans,
MDSCs have a phenotype that is lineage negative and the cells
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are usually CD11bC, CD33C & HLA-DR neg/low.7 MDSCs
have a key role in immune response regulation and the plasticity
of CD4C T cells. MDSCs produce Interleukin (IL)-10, Trans-
forming Growth Factor (TGF)-b, arginase 1 (ARG1) and induc-
ible nitric oxide synthase (iNOS2), suppress T cells by depriving
them of arginine and cysteine and are capable of inducing
Tregs.8,9 G-MDSC can in addition produce reactive oxygen spe-
cies (ROS). MDSC depletion in tumor-bearing mice inhibits
tumor progression and metastasis, suggesting that these cells have
a key role in tumor specific immune response.10-12 Although the
increased number of MDSCs in MDS has been shown,4 it is not
clear whether this expansion is MDS subtype specific and which
subsets of MDSCs are expanded. The effect of MDSCs on T cells
function, in particular CD4C T effectors and Tregs, in MDS has
not been studied previously.

Migration of MDSCs to cancer environment is mediated by
the CXCR4/CXCL12-axis.13 The CXCR4-CXCL12 interaction
is important for keeping the haematopoietic stem cells in their
niches,14,15 and bone marrow-plasma from MDS patients shows
elevated CXCL12 levels.16 CX3CR1 binds to chemokine and
adhesion molecule CX3CL1, a transmembrane cleavable protein
whose release is induced by IFNg and TNF-a,17 cytokines pres-
ent in low risk MDS bone marrow.18,19 The aims of this study
were to investigate the MDSCs number, distribution and func-
tion, correlation with the number of Tregs, their bone marrow
homing chemokine receptor expression and the correlation with
the risk of progression to AML.

Results

Higher numbers of MDSCs in high risk MDS patients
Bone marrow milieu in MDS patients evolves from a pro-

inflammatory environment in low risk patients into an immuno-
suppressive one in high risk MDS. To assess the potential role of
MDSCs in this shift, we compared MDSC frequency and abso-
lute number in MDS patients within different IPSS-R categories;
Very Low Risk (VLR)/Low Risk (LR) compared to Intermediate
Risk (INT)/High Risk (HR)/Very High Risk (VHR) MDS.
Total MDSCs were defined as lineageneg/CD11bC/CD33C cells.

In peripheral blood from VLR/LR categories median MDSC
numbers (defined as lineageneg/CD11bC/CD33C, see Fig. 4)
were significantly lower (0.16 £ 109/L (0.03–0.40)) compared
to INTCHRCVHR patients, in whom median MDSC counts
were 0.52 £ 109/L (0.10–3.92), p < 0.005 (Fig. 1A). Peripheral
blood MDSCs were higher in VLR C LR MDS compared to
healthy age matched donors (median 2.53 % (0.3 – 10.1)
vs. 1.03 % (0.40–2.39), p< 0.0003, and higher in INT CHR C
VHR patients (median 5.87% (2.13 – 40.90)) compared to VLR
C LR patients (p D 0.0006) and healthy donors (p D 0.040)
(Fig. 1B). The same difference was found when comparing
MDS patients based on WHO classification. Patients with bone
marrow blasts 5 % or more (RAEB) had higher absolute counts
0.38£109/L (0.10 – 3.92 £ 109) vs. patients with less than 5%
bone marrow blasts (RC/RARS/RCMD/MDS-U) (0.16 £ 109/
L (0.03–0.40 £ 109)), p < 0.01, (Fig. 1C). MDSC percentages

were higher in RAEB, median 3.55 (2.13 – 40.90) compared to
(RC, RARS, RCMD, MDS-U, median 1.43 (0.30- 10.10)) p D
0.0151, as well as healthy donors (median 1.03 (0.40–2.39))
p < 0.0001. Patients with less than 5 % bone marrow blasts also
had higher MDSC percentages compared to healthy donors, p D
0.0015. (Fig. 1D).

In RAEB patients there was a positive correlation between the
absolute numbers of MDSC and Tregs in peripheral blood
(Spearman R D 0.825, p < 0.005) which was not the case in
patients with less than 5 % bone marrow blasts (Fig. S1A).

G-MDSC subset is expanded in high risk MDS
G-MDSCs are a subtype of MDSCs which are phenotypically

and functionally different from M-MDSCs.20 G-MDSCs were
defined as lineageneg/CD11bC/CD33C/CD15C. G-MDSCs
were increased (frequency and absolute numbers) in
INTCHRCVHR disease (median 0.88 % (0.3–10.8) (median
0.31 £ 109/L) compared to VLRCLR disease (median 0.22 %
(0.02–8.43) (median 0.011 £ 109/L); p < 0.01 (p D 0.0001)
and to healthy donors (median 0.2 % (0.02–1.6)); p D 0.02
(Fig. 1E and Fig. 1F). This difference was also significant when
comparing RAEB versus RC/RARS/RCMD/MDS-U patients
(median 0.13 vs. 0.01, p < 0.01) (Fig. S1B).

In high- and low risk MDS patients, M-MDSCs were higher
in peripheral blood (median 0.52% (0.06–6.3)) compared to
bone marrow (median 0.27% (0.002–1.29), p < 0.02),
(Fig. S1C) and the same pattern was seen in age-matched healthy
donors (median bone marrow-M-MDSC 0.1 % (0.1–0.4), data
not shown.

G- and M-MDSC subsets were positive for intracellular IL-10
and TGF-b. Both IL-10 and TGF-b levels were higher in G-
MDSCs compared to M-MDSCs (relative median fluorescence
intensity (R-MFI) 7.9 (2.2–48.4) vs. 3.8 (0.8–10.5), p D 0.003
for IL-10 and R-MFI 15.0 (1.4–30.4) vs. 4.8 (0.4–12.4), p D
0.02 for TGF-b) (Fig. 2A and Fig. S1D and E).

Chemokine receptor expression on MDS-MDSCs
We hypothesized that immunosuppression mediated by

MDSCs protects the bone marrow MDS clone. The next step
therefore was to investigate bone marrow homing receptor
expression on circulating MDSCs. In MDS the G-MDSCs and
M-MDSCs show different chemokine receptor expression pat-
terns. CXCR4 is responsible for homing to bone marrow and
stem-cell niches,21 while CX3CR1 is involved in bone marrow
metastasis.22

M-MDSCs CX3CR1 expression was significantly higher in
peripheral blood from intermediate and high risk MDS patients
compared to bone marrow (MFI 2862 vs. 684, p < 0.05)
(Fig. 2B).

Both M-MDSCs and G-MDSCs express CXCR4 but this was
significantly higher on M-MDSCs compared to G-MDSCs in
RAEB patients (p D 0.003). There was also higher CXCR4
expression on M-MDSCs derived from patients with >5% bone
marrow blasts when compared to patients with <5% bone
marrow blasts (p D 0.01) (Fig. 2C). There was no statistically
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significant difference between healthy
donor M-MDSCs and G-MDSCs in
terms of CXCR4 expression.

Expression of CX3CR1 was sig-
nificantly higher in M-MDSCs from
patients with more than 5% bone
marrow blasts (RAEB) compared to
healthy donors, (median R-MFI D
10.98 vs. 5.29, p D 0.02). CX3CR1
expression was not significantly dif-
ferent between patients with less than
5% bone marrow blasts and healthy
donors. The expression of CX3CR1
was significantly higher in M-
MDSCs compared to G-MDSCs
when we compared the CX3CR1
R-MFI for all three groups; M-MDSCs vs.
G-MDSCs from RAEB patients (10.98 vs. 1.12, p < 0.02),
patients with less than 5% bone marrow blasts (8.04 vs. 1.19, p

D 0.0005), and healthy donors, (5.29 vs. 1.19, p D 0 .003). The
CX3CR1 expression by G-MDSCs was not significantly different
between MDS and healthy donors (Fig. 2D).

Figure 1. MDS patients’ peripheral
blood frequencies of MDSCs differ in
low- and high risk disease. (A) Box-and-
whisker plots showing comparison of
MDSC absolute counts in IPSS-R catego-
ries showed significant difference
between VLR C LR and INTCHRCVHR,
p < 0.005. (B) Healthy donors have
lower peripheral blood MDSC percen-
tages compared to MDS patients with
VLRCLR disease, p D 0 .0006, and
VLRCLR have lower percentages than
INTCHRCVHR, p < 0.05. There was also
a significant difference between healthy
donors and INTCHRCVHR patients, p D
0.0003. The percentages were calculated
from the leukocyte gate before lineage-
gating, as described before.33 (C) Abso-
lute MDSC counts are higher in patients
with bone marrow blasts 5% or more
(RAEB, median 0.38 (0.10–3.92 £ 109/L)
compared to patients with less than 5 %
bone marrow blasts (RC, RARS, RCMD,
MDS-U, median 0.16 (0.03–0.40 £ 109))
p < 0.01. (D) MDSC percentages are
higher in patients with bone marrow
blasts 5% or more (RAEB, median 3.55
(2.13–40.90) compared to patients with
less than 5% bone marrow blasts (RC,
RARS, RCMD, MDS-U, median 1.43 (0.30–
10.10)) p D 0.0151, and compared to
healthy donors (median 1.03 (0.40–
2.39)) p < 0.0001. Patients with less than
5% bone marrow blasts also had higher
MDSC percentages compared to healthy
donors, p D 0.0015. (E) Absolute G-
MDSC counts were higher in MDS
patients with INTCHRCVHR than
VLRCLR disease, p D 0.0001. (F) G-MDSC
percentages were significantly higher in
INTCHRCVHR compared to VLRCLR
(p< 0.01) and healthy donors (p D 0.02).
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MDSCs from MDS patients inhibit Teffector cell
proliferation in vitro

To evaluate suppressive effect of MDSCs, T-effectors from
three healthy donors were cultured in the presence and absence
of MDSCs in 1:1 ratio. M-MDSCs from patients were able to
significantly suppress T effectors proliferation following 5 d cul-
ture (p D 0.03, Figs. 3A, B). To evaluate the function of MDSCs
in autologous setting, T-effectors from MDS patients
(2 INTR and 2 LR) were co-cultured with autologous M-
MDSCs which have shown the same level of T effector suppres-
sion (p < 0.05 Fig. 3C). Presence of MDSCs, also induced Tregs
proliferation (Fig. 3C). MDS-MDSCs in a 1:1 ratio culture with
healthy donor T-effectors were also able to suppress pro-

inflammatory cytokines secretion by
T-effectors (Fig. S2). The sorted
MDSCs were intracellular arginase
positive (data not shown).

Discussion

Although the immune-dysregu-
lation is an important feature of
MDS, there are important differen-
ces between low and high risk dis-
ease in terms of immunological
findings. Low risk MDS is charac-
terized by a persistent inflammatory
environment in the bone marrow
and expansion of autoimmunity-
associated T helper 17 (Th17) cells
whereas expansion of Tregs and
reduced number of Th17 are the
characteristics of high risk MDS.23

However, the role of different com-
ponents of the immune system and
the influence of specific microenvi-
ronment on CD4C T cell plasticity
in MDS is still emerging. To inves-
tigate the potential role of MDSCs
in shaping the immune response in
MDS, we assessed the presence and
function of circulating MDSCs in
low- and high risk MDS patients.
MDSCs are known to accumulate
in cancer patients and tumor bear-
ing mice, where they can inhibit
adaptive anti-neoplastic immune
response.24 The induction of
MDSCs is believed to be secondary
to tumor-dependent inhibition of
myeloid maturation and interferes
with normal immune competent
antigen presenting cells.2 In mouse
models of human cancers MDSCs

mediate the development and expansion of tumor induced Tregs
and Teff cell anergy.25,26 We found high numbers of MDSCs in
peripheral blood of MDS patients, which is in agreement with
previous reports.4 Nevertheless, the number of MDSCs was even
higher in high risk MDS compared to both low risk disease and
healthy donors. A more significant expansion of MDSCs in high
risk disease suggests a role for these cells in immune-surveillance
suppression and facilitating the disease progression. In our cohort
of patients the number of circulating G-MDSCs was higher in
high risk disease and the G-MDSC subset also showed higher
intracellular level of IL-10 and TGF-b compared to M-MDSCs.
Our data suggest that MDSCs are not only expanded in MDS
but is also correlated with risk of disease progression. In those

Figure 2. MDSCs in MDS patients produce inhibitory cytokines and express bone marrow homing recep-
tors. (A) G-MDSCs show higher relative MFI of IL-10 and TGF-b compared to M-MDSCs p D 0.003 and 0.02,
respectively. (B) M-MDSCs CX3CR1 expression was significantly higher in peripheral blood from RAEB
patients versus in bone marrow (2862 vs. 684, p < 0.05) (C) Left panel: In patients with more than 5% bone
marrow blasts chemokine receptor CXCR4 was higher in M-MDSCs compared to G-MDSCs p D 0.003.
CXCR4 expression was higher on M-MDSCs derived from patients with more than 5% bone marrow blasts
compared to patients with less than 5% bone marrow blasts pD 0.01. (D) Expression of CX3CR1 was higher
in M-MDSCs from patients with more than 5% bone marrow blasts (RAEB) compared to healthy donors, p
D 0.02. CX3CR1 expression was not significantly different between patients with less than 5% bone mar-
row blasts and healthy donors. The expression of CX3CR1 was significantly higher in M-MDSCs compared
to G-MDSCs for all three groups, RAEB vs. RAEB p< 0.02, between patients with less than 5% bone marrow
blasts p D 0.0005, and healthy donors vs. healthy donors, p D 0.003.
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patients from which we had enough
cells to enumerate both MDSCs and
Tregs, there was a positive correla-
tion between the number of MDSCs
and Tregs in MDS. It may suggest a
role for MDSCs in the in-vivo
expansion of Tregs in MDS and
subsequent disease progression.
However, this correlation needs to
be confirmed in a larger cohort of
patients. While the accumulation
and activation of MDSCs inside the
myelodysplastic bone marrow is
influenced by local factors, like
S100A9,4 little is known of how
these cells are recruited from the
periphery. We therefore evaluated
G-MDSC and M-MDSC bone
marrow homing chemokine receptor
expression. The CXCR4-CXCL12
axis has been shown to be involved
in recruitment of MDSC to tumor
microenvironment.13 Recent reports
describe Fractalkine receptor
CX3CR1 is also involved in bone
marrow metastasis.22,27,28 Immature
myeloid cells committed to the
monocytic lineage express CX3CR1. 29 Our data shows that
MDSCs from MDS patients express both CXCR4 and
CX3CR1, which facilitate migration of MDSCs to the bone mar-
row. Although the M-MDSCs are more frequent in the periph-
eral blood, they express higher levels of CX3CR1 and CXCR4

and are prone to migration toward bone marrow. Additionally,
in INT C HR C VHR disease CX3CR1 was higher expressed on
M-MDSCs derived from peripheral blood compared to M-
MDSCs derived from bone marrow, whereas there was no signifi-
cant difference in VLR C LR disease.

Figure 3. Suppression assay. (A) Healthy
donor Teffector (Teff) proliferation sup-
presses in 1:1 co-culture with M-MDSCs
from MDS patient. CFSE stained CD4C

Teff were stimulated for 5 d with anti-
CD3 and anti CD28 antibodies either
alone or in 1:1 co-culture with M-MDSCs.
The figure is representative of one of the
three suppression assays MDSCs (HLA-
DR-, CD14C) were isolated from fresh
patient PBMCs. (B) M-MDSCs were able
to significantly reduce the proliferation
of allogeneic healthy donor T-effectors
when co-cultured in 1:1 ratio with M-
MDSCs from MDS patients. This has
been repeated three times and there
was a statistically difference between
two conditions (p D 0 .03). (C) M-MDSCs
from patients were able to significantly
reduce autologous T effectors prolifera-
tion (CFSE stained) p<0.05. Tregs (VPD
stained) seemed to proliferate more in
co-culture with MDSCs. (There was also
a significant difference between unsti-
mulated and stimulated T effectors, p <

0.05).

www.tandfonline.com e1062208-5OncoImmunology



In summary, our data show that the expansion of MDSCs in
MDS correlates with increased risk of disease progression toward
AML and also positively correlates with Treg numbers in high
risk MDS. The MDSCs from MDS were functional and have
been able to suppress T effectors function and may also induce
Tregs proliferation.

The expression of homing receptors also directs these cells
toward the bone marrow where they inhibit immune-surveillance
against dysplastic clone(s). Inhibition of MDSCs effects (i.e. by
MDSC depletion or induction of differentiation) might reverse
the immunosuppressive environment and re-establish immune-
surveillance in MDS.

Materials and Methods

Patients and samples
MDSCs and Treg numbers were assessed in peripheral blood

and bone marrow from consecutive MDS patients seen at the
out-patient clinic in the period August 2012 to September 2013
(Table 1). In total, peripheral blood from 42 pre-treatment
MDS patients (median age 69.5 y) was analyzed. Twenty-three
patients also had bone marrow samples available for analysis, in
those cases peripheral blood and bone marrow samples were
taken the same day. Twenty-seven patients had MDS without
excess of bone marrow blasts; RC (N D 1 ), RARS (N D 5 ) or
RCMD (N D 17 ), MDS-U (N D 4 ) and 15 had MDS with
excess of blasts (RAEB-1 and RAEB-2). Thirty patients were cat-
egorized as low or very low risk disease on IPSS-R scoring system
and 12 patients had intermediate or high risk disease. Peripheral
blood samples from 12 healthy age matched donors, 6 females,
and 6 males, median age 63.5 y (range 41–83 y) were used as

controls. For three of the healthy
donors, we were able to obtain
bone marrow samples as well as
peripheral blood. The study was
approved by the local ethical com-
mittee and all samples taken after
written consent.

Flow cytometry
Cell surface and intracellular

staining was performed following
red cell-lysis (Pharm-Lyse Lysing
buffer, Becton Dickinson and
Company BD Biosciences Phar-
Mingen, San Jose, CA, USA) using
the following markers: For surface
staining: Live/dead eFluor780,
CD33 eFluor450, Lineage markers
(all APC-eFluor780; CD3, CD16,
CD19, CD20, CD34, CD56,
HLA-DR), all from eBioscience
(San Diego, CA, USA). CD15
Pacific Orange, (Invitrogen, Carls-
bad, CA, USA), CD11b PerCP/

Cy5.5 BioLegend (San Diego, CA, USA) CD66b FITC Biole-
gend, CD14 APC BD Biosciences, for chemokine receptor stain-
ing: CXCR3 FITC, CX3CR1 PE, CXCR4 APC, all from
eBioscience. Intracellular staining was performed for IL-10 APC,
TGF-b PE, Arginase 1 CFS, all from RnDSystems (Minneapolis,
MN, USA), lymphocytes served as internal negative controls for
each sample. The relative MFI was calculated based on the auto-
fluorescence levels of each patient’s unstained cells. After permea-
bilization and fixation (Flow Cytometry Permeabilization/Wash
Buffer I, RnDSystems) as described in 30,31 flow cytometry was
performed by FACSCantoII (Beckton Dickinson) and data were
analyzed using FlowJo software, TreeStar, Inc.., Ashland, OR,
USA). MDSCs were defined as Lin¡/CD33C/CD11bC, subdi-
vided into CD15C granulocytic MDSCs (G-MDSCs) or
CD14C monocytic MDSCs, (M-MDSCs). We have used FSC-
SSC characteristics to exclude any eosinophil contamination as
described before (Fig. 4A).32 As cryopreservation changes the G-
MDSC numbers and function,33 all MDSC analyses were carried
out on fresh peripheral blood and bone marrow samples. Tregs,
T helpers and T cell subset staining were performed as per previ-
ously published protocols.34 Gating strategy for MDSCs is
shown in Figure 4B as described before.33

Suppression assay
T effector cells, Tregs and HLA-DR-/CD14C MDSC were

isolated from Ficoll-separated PBMC by stepwise magnetic sepa-
ration (MACS columns, Miltenyi Biotec Inc., Auburn, CA,
USA). Teffector cells were isolated by CD4C negative depletion
(Miltenyi Biotec Inc..) and were together with Tregs separated
by CD4CCD25C Regulatory T Cell Isolation Kit, also from
Miltenyi Biotec Inc.. For MDSCs, PMBCs were first incubated
with Anti-HLA-DR Micro Beads and the HLA-DR negative

Figure 4. Gating strategy. (A) The gating strategy to exclude doublets, debris and eosinophils based on SSC
and FSC. (B) Representative flow cytometry plots with gating strategy based on selecting lineage negative
population in peripheral blood and bone marrow, followed by gating out CD11b/CD33-double positive
cells.
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population was further incubated with Anti-CD14 Micro Beads,
both from Miltenyi Biotec Inc.. To evaluate the suppressive func-
tion of MDSCs, CFSE stained CD3CCD4CCD25¡ (T-effec-
tors) from MDS patients were stimulated by anti-human CD3
(OKT1, eBioscience) and anti-human CD28 (Functional grade
purified, eBioscience) and cultured for 5 d under the following
conditions: T-effectors alone, T-effectors, and Tregs (CD3C/
CD4C/CD25high) in 2:1 ratio; T-effectors and Tregs and

MDSCs in 2:1:1ratio. To evaluate Tregs proliferation, the
CD252C cells were stained with Violet proliferation dye (VPD).
Cells were cultured in flat bottom wells in final concentration of
1 £ 106 cells/mL in Stem Span culture medium supplemented
with GM-CSF (75 ng/mL). GM-CSF was added to support
MDSCs in culture (personal communication with Professor
Dmitri Gabrilovich, Section of Dendritic Cell Biology, H. Lee
Moffitt Cancer Center).

Table 1. Patients included in the study, with patient and disease characteristics and treatment received

PT. Gender Age1 Diagnosis2 WHO class3 Cytopenia(s)4 Cytogenetics5 Therapy6

VERY LOW AND LOW RISK
1 M 81 2012 RCMD A, T 46 XY BS, E
2 M 78 2008 RCMD A, T 46 XY BS
3 M 82 2011 RARS A 46 XY BS, E
4 F 87 1990 RCMD A, T NA BS
5 M 89 2007 RCMD A, T 45 XY-11 BS
6 F 75 2006 RARS A NA BS, E
7 M 56 2012 RCMD N, T 47 XY C1 BS
8 M 76 2000 RARS A, T 46 XY BS
9 M 69 2007 RARS A 46 XY BS, E, G
10 F 86 2012 RCMD A 46 XX BS, E
11 M 89 2012 RCMD/CMML-1 A, T 46 XY BS
12 M 74 2012 RC N 46 XY BS
13 M 60 2011 RCMD A 46 XY BS, E
14 F 70 2011 RARS A 46 XX BS
15 M 91 2012 RCMD A, N, T 46 XY BS
16 F 78 2012 RCMD A, N, T 46 XX BS
17 M 94 2012 RCMD A NA BS, E
18 M 82 2012 RAEB-1 A 46 XY BS
19 M 83 2010 RAEB-1 A 46 XY BS
20 F 49 2013 RCMD T 47 XX, C6 BS
21 F 66 2013 MDS-U A, T 46 XX del(13)(q12q22) BS
22 F 60 2013 RCMD T 47 XX, C21 BS
23 M 68 2013 RCMD T 46 XY BS
24 M 25 2013 MDS-U T 46 XY BS
25 F 65 2014 RAEB A, N NA BS
26 F 49 2014 RCMD A 46, XX C, P
27 M 49 2014 MDS-U N, T 46, XY BS
28 M 43 2014 MDS-U N 46, XX BS
29 F 47 2014 RCMD A 46,XX BS
30 F 64 2014 RCMD A, N, T 46, XX BS

INTERMEDIATE, HIGH AND VERY HIGH RISK
31 F 93 2012 RAEB-1 A, N, T 46 XX del(5q) BS
32 M 79 2012 RAEB-2 A 47 XY, C 11, C8, ¡9 BS
33 M 74 2008 RAEB-1 A, T 46 XY BS, E
34 F 75 2012 RAEB-1 T 46 XX BS
35 M 75 2012 RAEB-2 A, T 46 XY BS
36 M 83 2013 RAEB-1 A, N, T 46 XY BS
37 M 54 2012 RAEB-2 A, N, T 46, XY BS
38 M 68 2013 RAEB-1 A 46, XY, t(3;3)(q21;q26) BS
39 M 40 2013 RAEB-T A 46, XY BS
40 M 71 2014 RAEB-2 A, N, T 44,XY,-3,-5 A
41 F 68 2014 RAEB-2 A, N 49,XX,C1,del BS
42 M 54 2014 CMML-2 T (5q), C9, C11 46, XY H

1Age at sampling.
2Year diagnosed with MDS.
3RARS D Refractory anemia with ringed sideroblasts, RCMD D refractory cytopenia with multilineage dysplasia, RAEB D Refractory anemia with excess
blasts, MDS-U DMDS unclassified, CMMLD Chronic myelomonocytic leukemia.
4A D anemia, ND neutropenia, T D thrombocytopenia.
5NAD Not acquired.
6BS D best supportive care (including transfusions), E D Epo, G D G-CSF, H D Hydroxycarbamide, A D Azacitidine.C D Ciclosporin, P D Prednisolone.
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Statistics
Statistical analysis was performed with GraphPad Prism. Dif-

ferences between individual patients groups were analyzed by
Mann–Whitney for unpaired samples and Wilcoxon for paired
samples. For comparison between conditions in suppression
assays Student’s t-test was used. P < 0.05 was considered as
statistically significant.
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