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Abstract

Background: Myeloid-derived suppressor cells (MDSCs) may lead to immune evasion and disease
progression in some cancers, but their roles remain to be investigated in cervical cancer. This study
aimed to characterize the specific subsets of MDSCs that might be potential indicators for disease
progression in cervical cancer patients.

Methods: Different subsets of MDSCs were characterized using flow cytometry in blood samples
from healthy subjects and cervical cancer patients. T-cell proliferation assay was performed in vitro.
Tumor infiltrating CD8+ and FOXP3+ cells were also evaluated by immunostaining on the tumor
tissues from patients with early and locally advanced cervical cancer. We further analyzed the
relevance of circulating MDSCs to clinicopathological characteristics, patient survival as well as
tumor infiltrating lymphocytes.

Results: The frequency of circulating GrMDSCs increased correlated with FIGO stage while the
percentage of MoMDSCs only elevated in patients with advanced cervical cancers. For patients with
early and locally advanced cervical cancer, the frequency of circulating GrMDSCs but not MoMDSCs
correlated with clinicopathologic parameters including metastatic lymph nodes, deep stromal
invasion and tumor recurrence. The levels of circulating GrMDSCs also negatively correlated with
the densities of CD8+ cells in tumor tissues. In vitro assay showed that Gr-MDSCs suppressed the
proliferation of autologous T cells.

Conclusion: Our study demonstrates that the increased frequency of circulating GrMDSCs is
associated with tumor burden and recurrence in early and locally advanced cervical cancer patients,
that the GrMDSCs may be potential biomarkers for disease progression cervical cancers.
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Background

Cancer development is largely determined by
the intrinsic cellular changes and immunologic factors
in the tumor macro- and microenvironment.
Suppression of tumor immune surveillance is one of
the main mechanisms that facilitate tumor cells to
escape from destruction by the immune system.
Ample evidence supports a key role for

Myeloid-derived suppressor cells (MDSCs) in
immune suppression in tumor development growth
and progression [1]. MDSCs represent a heterogenic
population of mixed immature bone marrow-derived
myeloid cells. These cells are characterized by some
phenotypic markers, depending on the differentiation
context by factors secreted from cancer cells. In
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mouse, granulocytic MDSCs (GrMDSCs) have a
CD11b+Ly6G+Ly6Clow phenotype whereas
monocytic MDSCs (MoMDSCs) are CD11b+Ly6G-
Ly6Chigh [2]. Human MDSCs lack the Grl like
antigens and remain to be characterized biologically
and phenotypically. MDSCs from cancer patients
express the common myeloid marker CD33 and
CD11b, but lack mature myeloid or lymphoid
markers, such as HLA-DR. As in murine, human
MDSCs have been allocated into three predominant
populations [3,4]. MoMDSCs which morphologically
resemble monocytes express CD14 but usually not
CD15. GrMDSCs share morphological characteristics
with granulocytes and express CD15 but lack CD14.
Immature MDSCs represent the least differentiation
population and lack expression of CD14 or CD15.

A few studies have investigated the population
of MDSCs in cervical cancers. In vitro, a population of
MDSCs defined as: Lin-CD33+HLADRlow was
induced from healthy donor peripheral bloods by
co-culture with HeLa cells [5]. Recently, one research
had described significantly elevated levels of CD11b+
CD33+ HLA-DR- MDSCs cells, in the peripheral
bloods of 14 advanced and recurrent cervical cancer
patients [6]. However, due to the limited number of
patients, the MDSC subpopulations and their clinical
relevance remain unclear to date. In this study, we
have  undertaken a  comprehensive  flow
cytometry-based study to investigate the phenotypes
of circulating MDSCs in patients with cervical cancer.
We hope to identify potential subtypes which could
be served as a potential biomarker for cancer
progression.

Methods
Study population

The Institutional Review Board approved the
study. Forty cervical cancer patients (FIGO stage
Ia-Ila) with complete clinical data were recruited in
Women’'s Hospital, School of Medicine, Zhejiang
University, China from January 2015 to June 2015.The
patients had a histological confirmed squamous
cervical carcinoma and did not receive any treatment.
Blood samples from 11 advanced cervical cancer
patients (FIGO stage 1Ib-1lIb) were also obtained at
their first visits. Fifteen age-matched healthy donors
were used as controls. Written consents were obtained
from all patients before blood sampling. Table 1
shows the clinical features of the patients in this
study. For 24 patients with FIGO stage Ib2 and Ila2,
1/3 received platinum-based new adjuvant
chemotherapy (NACT), followed by radical
hysterectomy, while other early and local advanced
cervical cancer patients underwent primary surgery

(n = 32). Clinical response to chemotherapy was
assessed according to WHO criteria. Whole bloods
and cervical biopsies before surgery or NACT were
used as baseline in cervical cancer patients.

Table 1. The clinical characteristics of patients with cervical
cancers

Early stage Locally advanced Advanced stage
(n=16) stage (n=24) (n=11)

FIGO stage stagela-Ibl (stage Ib2-IIa) (stage ITb-IIT)

Age (<40 : >40) 412 5:19 3:8

LVSI (yes : no) 511 10:14 -

Histological grade 15:1 21:3

(I-ILIII)

Stromal invasion 11:5 159

(<2/3:>2/3)

LN metastasis (yes : no) 3:13 519

Whole Blood Staining and MDSC
immunophenotyping

Peripheral bloods (2-3ml) were collected from
patients and were processed within 6 hours. Two
hundred microliters (pL) of whole blood taken for
MDSC analysis were divided into 100pL for
nonstained tube and 100pL for stained tube with
different MDSC markers. To determine the frequency
and phenotype of MDSCs in freshly whole blood, a
combination of six surface markers including
lineage-specific mixture (CD3/CD19/CD56/CD14/
CD20/CD16)-APC, HLADR-APC-Cy7, CD33-PE-
CY7, CD11b-PerCP, CD15-FITC, CD14-PE was used.
Samples were vortexed well and incubated for 25
minutes at 4°C then with lysis buffer (BD FACS lysing
solution) for 15 minutes at room temperature to lyse
the red blood cells. Flow cytometric analysis was
performed on BD FACS Canto II flow cytometer. Data
were analyzed using FlowJo software (TreeStar, Inc,
Ashland, OR).

Cell sorting

Peripheral blood mononuclear cells (PBMCs)
were isolated from 15mL of freshly obtained blood
from two cervical cancer patients and one health
donor by Ficoll density gradient centrifugation as
previously described. Cell viability analysis was
performed on the single-cell suspension of blood
PBMCs using trypan blue staining method. Effector
cells (CD33+CD14- MDSC cells) were isolated from
the PBMCs of patients using MACS microbeads and
columns (Miltenyi Biotec, Germany). Briefly, CD14-
cells were separated by CD14 MicroBeads.
CD14-CD33+ cells were further sorted by CD33
MicroBeads from purified CD14- cells. The CD3+ T
cells were prepared from PBMCs in the same patients
using Human Pan T cells Isolation Kit (Miltenyi
Biotec). The purity of the cells after sorting was > 90%.
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T-cell proliferation assay

Carboxyfluorescein succinimidy ester (CFSE)-
based proliferation assays were performed according
to manufacturer’s instructions (Invitrogen, Carlsbad,
CA). T cells (100,000/well) were incubated with CFSE
and stimulated with anti-human CD3 and CD28 (both
1 ug/mL). No MDSCs or 50,000 (1:2) autologous
CD33+CD14- MDSC cells were added to the
stimulated T cells. After stimulation for 3 days, at
37°C, 5 % CO2, proliferation assay was analyzed by
flow cytometry using mAbs: FITC- conjugated CD8
(BD Bioscience). T cells without anti-CD3 and
anti-CD28 antibody stimulation were as negative
control.

Immunohistochemistry

Cervical biopsy specimens were fixed in 10%
neutral buffered formalin, embedded in paraffin and
sectioned. For immunohistochemical analysis, 4 pm
sections were deparaffinized and immunostained
using antibodies specific for CD8 (Abcam) or FOXP3
(Abcam). Tumor infiltrating lymphocyte (TIL) density
was evaluated microscopically. The number of
lymphoid infiltrates was counted manually including
5 tumor beds and 5 peripheries in the biopsy
materials. The average counts of lymphoid infiltrates
within tumor bed and within lymphoid infiltrates
surrounding tumor were recorded separately.

Follow-up and Statistical analysis

Cases were followed up by letters or telephone.
Follow-up time ranged from 19 to 26 months (median
24 months).Disease-free survival (DFS) was defined as
the time from treatment to first appearance of
recurrence or death. Assumed that the number of
MDSCs or TILs did not follow a normal distribution,
comparisons between different groups were made
using the Mann-Whiney U test. Correlation analyses
were performed using Spearman’s rank correlation
test. The frequencies in NAC groups were analyzed
using unpaired t test. Statistical analysis was
performed on SPSS version 13.0 for Windows (SPSS
Inc., Chicago, IL, USA). For all tests, two-sided p<0.05
was considered to be statistically significant.

Results

The frequency of MDSCs increased in blood of
patients

We aimed to explore all three subsets of
circulating MDSCs using six-color flow cytometric
analysis: HLA-DR- Lin- CD11b+ CD33+ CD14-
CD15-immature MDSCs (a), HLA-DR- Lin- CD11b+
CD33+ CD15+ CD14-GrMDSCs (b) and CD14+
HLADR-/low MoMDSCs (c) in whole blood from

cervical cancer patients and age-matched healthy
controls. Cervical cancers were divided into early
stage (stagela-Ibl, stage Ib2-lla with a maximum
diameter of <4 cm), locally advanced stage (stage
Ib2-Ila with a maximum diameter of >4 cm) and
advanced stage (stage IIb-IIlI), respectively. The
frequency of circulating MDSCs was calculated as a
percentage of total cells. Representative flow
cytometric data of a healthy donor and one patient
with stage Ib2 are shown in Fig. 1.

A significantly higher level of circulating
GrMDSCs in cervical cancer patients were observed
compared with controls (mean 3.987% vs. 0.8669%,
p=0.0001). When patients were further divided by
clinical cancer stage, a direct correlation between
clinical cancer stage and percentage of circulating
GrMDSCs was noted (Spearman’s r=0.794,
p<0.001).There was a statistical difference in
GrMDSCs levels between advanced and locally
advanced (p=0.0002), early and locally advanced
cancer patients (p=0.0002), but was not significant
between early stage patients and controls (p=0.7073)
(Fig. 2A).

The frequency of circulating MoMDSCs was
significantly higher in cancer patients than that in
controls (mean 1.324% vs., 0.3635%, p=0.0021). The
level of MoMDSCs only increased in patients with
advanced cervical cancers (p<0.0001), but not between
local advanced and early patients (p=0.5528), early
patients and controls (p=0.1605) (Fig. 2B).

For immature MDSCs, analysis showed that
these HLA-DR- Lin- CDI11b+ CD33+ cells in
peripheral blood samples were almost CD15+.
Therefore in peripheral blood of cervical cancer
patients, the phenotype of immature MDSCs was
virtually non-existent.

Frequency of GrMDSCs but not MoMDSCs
correlated with clinicopathologic parameters
and survival for early and locally advanced
cervical cancers

The association between the frequency of
MDSCs and clinical parameters was shown in Table 2.
GrMDSCs levels significantly increased in patients
with metastatic lymph nodes (mean 2.503% vs.
5.006%, p=0.0056) and deep stromal invasion (mean
2.234% vs. 4.435%, p=0.0012). No significant
correlation was found between the levels of
MoMDSCs and clinicopathological parameters in
cervical cancer patients. Eight of 24 patients with
locally advanced cervical cancers received NAC and 2
achieved pathological optimal response (pOR) after
NAC. The frequency of GrMDSCs before NAC tended
to be lower in patients with pOR than those without
POR (mean 2.152% vs. 4.030%, p=0.213), but the
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difference did not reach statistical significance due to
the small sample size.

Forty patients with early and locally advanced
cervical cancers had a median follow-up of 2 years.
Five women (12.5%) recurred. The frequency of

HD

GrMDSCs was significantly higher in recurrent versus
non-recurrent patients (mean 4.5774% vs.2.6703%,
p=0.043), but that of MoMDSCs was not (mean
0.8382% vs.1.1958 %, p=0.402).
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Fig 1. Identification and characterization of different subtype of MDSCs in bloods from GC patients. (A)The frequency of GrMDSCs is 0.541%, and the frequency of MoMDSCs
is 0.878% in a healthy donor. Gating strategy for MDSCs: For immature MDSCs and GrMDSCs, acquired cells were first gated on the non-expression of Lin and HLADR. Within
this population, the fraction of cells expressing both CD33 and CD11b was determined. The expression of CD15 was further explored in this fraction. For MoMDSCs, we first
gated on SSC versus CD14 to isolate the monocytes cell populations, then HLADR versus CD14 was plotted for MoMDSCs. (B) The frequency of GrMDSCs is 5.936%, and the

frequency of MoMDSCs is 0.670% in a stage Il a2 patient.
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Table 2. The correlation between MDSCs level and
clinicopathologic parameters.
GrMDSCs MoMDSCs
mean P mean P
FIGO stage la-Ib1 1.472% 0.0002 0.8131% 0.5528
b2-la  3.867% 0.9295%
LN metastasis yes 2.503% 0.0056 0.692% 0.0863
no 5.006% 1.237%
Histological 111 3.017% 0.9461 0.907 % 0.6684
grade I-11 3.889% 0.660%
Stromal invasion >2/3 4.435% 0.0012 1.068% 0.2048
<2/3 2.234% 0.836%
Age (year) >40 2.943% 0.4964 0.787% 0.1363

<40

3.214%

1.213%

Table 3. The correlations between circulating MDSCs and tumor
infiltrating CD8+ and FOXP3+ cells.

Intraltumoral Peritumoral Intraltumoral Peritumoral

CD8+ CD8+ FOXP3+ FOXP3+

r p r P r P r P
GrMDSCs -0.401  0.010 -0.355 0.025 0.189 0.244 0.132 0.416
MoMDSCs -0.195 0228 -0.256 0.111 0.111 0.497 -0.056  0.730

Circulating GrMDSCs correlated with the
densities of CD8+ cells infiltration in tumor
microenvironment

Both CD8+ cells and Foxp3+ cells displayed a
disseminated ~ manner in  cervical  cancer
(Supplementary Fig. S1). Table 3 showed the densities
of CD8+ and FOXP3+ cells in the biopsies from 40
early and locally advanced cervical cancer patients.
TILs were divided into high levels and low levels
according to the median numbers. The circulating
GrMDSCs showed weak negative linear relationship
to both intratumoral CD8+ cells (r=-0.401, p=0.010)
and peritumoral CD8+ cells (r=-0.355, p=0.025)
densities. However, the levels of circulating
MoMDSCs were not associated with the densities of
TILs. The densities of Foxp3+ cells had no correlation
with both circulating GrMDSCs and MoMDSCs.
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GrMDSCs inhibit T cell proliferation in vitro

As only GrMDSCs levels were correlated with
clinical-pathologic parameters and tumor infiltrating
lymphocytes, we  further investigated the
immunosuppressive function of GrMDSCs in vitro.
GrMDSCs were sorted from one healthy donor and
two patients with stage Ila2 cancer (Fig 3). The sorted
CD33+CD14- GrMDSCs from the two patients
substantially suppressed the proliferation of
autologous T cells with the proliferation index
reducing to 39.9% and 58.9%, respectively. However,
CD33+CD14-GrMDSCs cells from healthy control did
not have the inhibitory effects with a T cell
proliferation index of 91.6%.

Discussion

Cervical cancer is the fourth leading cause of
cancer-related deaths among women worldwide and
occurs as the result of an uncontrolled persistent
high-risk HPV infection due to the failure of effective
T cell response [7,8]. Immunosuppressive cells are
critical in the loss of immune effects. Among these
cells, MDSCs can interfere with T cell-mediated
responses and play an important role immune
evasion in cancers.

In this study, we investigated the percentage,
phenotype and immunosuppressive function of
circulating MDSCs in a cohort of patients with
cervical cancers. We found that the level of MDSCs
was significantly increased in the blood of patients
with advanced cervical cancer. Kawano et al. [6]
reported a statistically significant higher frequency of
circulating MDSCs in the blood of advanced and
recurrent patients with cervical cancer compared to
healthy controls. However, they only defined MDSCs
as  Lin-HLA-DR-CD33+  with no  further
characterization of granulocytic or monocytic subsets.
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Fig 2. The level of MDSCs in cervical cancer patients. (A) The frequency of GrMDSCs increased with the increase of clinical cancer stage. (B)The frequency of MoMDSCs

increased only in advanced cancer stage.
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Fig 3. Suppression of T cell proliferation in vitro. When sorted MDSCs were cocultured with CFSE-labeled autologous T cells,the proliferation index of T cells reducing to 39.9%
and 58.9% respectively in two cancer patients, while the T cell proliferation index was 91.6% in healthy donor.

Our study demonstrated that both subsets were
significantly increased. Similar with our research, the
frequency of both MoMDSCs and GrMDSCs were
significantly elevated in the blood of patients from
advanced glioma [9]. In gastric cancers [10] or
pancreatic cancers [11], only the level of GrMDSCs
subtype was elevated while in prostate cancers,
significant elevated MDSCs frequency was seen only
in CD14+HLA-DR-/low MoMDSCs [12]. These
findings as well as the MDSC plasticity in mice [13]
indicated that release of tumor-derived factors in
different tumors may cause the expansion of
particular type of MDSCs.

We showed that significant increasing GrMDSCs
levels were seen in patients with increasing tumor
grade as well as known adverse prognostic factors
such as metastatic lymph nodes, deep stromal
invasion. Moreover, the higher frequency of
GrMDSCs was seen in recurrent patients than in
non-recurrent patients. These observations indicated
that circulating GrMDSCs expansion might facilitate
tumor growth and progression in cervical cancers.
Previous studies on other cancers showed consistent
findings. Stanojevic etc. [14] found that the GrMDSCs
frequency correlated well with the clinical stage of

cutaneous melanoma and the highest frequency
emerged in stage IV melanoma patients. In prostate
cancers [15] and colorectal cancers [16], patients with
lymph node metastases or poor prognosis also had
significantly more circulating MDSCs. We failed to
reveal the associations between the clinical
parameters or prognosis and MoMDSCs. This may be
due to these samples are confined to early and locally
advanced cervical cancer patients and MoMDSCs
have not fully expanded yet and therefore, cannot
reflect the tumor burden in this period.

An interesting finding in our experiment was
that, the frequency of GrMDSCs elevated in cervical
cancer of stage Ib2, indicating that accumulation of
these cells was a relatively early event in tumor
development. We speculate that the sustained
HPV-E6/E7 expression during tumor progression
may play an important role in the immunological
pathogenesis including MDSC stimulation. Some
studies also showed the elevated frequency of
GrMDSCs in early stage, such as breast cancers [17]
and cutaneous melanomas [14]. We noted that lysed
peripheral blood sample was used in these studies,
which may prevent possible loss of the GrMDSCs.
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MDSCs have the capacity to suppress the
adaptive immune response mediated by T cells, but
these findings were not well established in cervical
cancer patients. To our knowledge, this is the first
study to confirm that the relation between circulating
MDSCs cells and CD8+ T cells in local
immuno-environment in cancer patients. The weak
negative linear relationship between circulating
GrMDSCs and infiltrating CD8+ cells implicated that
the accumulation of cytotoxic lymphocytes in the
tumor environment could be suppressed in the
context of high circulating GrMDSCs, thus resulting
in the decreased local anti-tumor immunological
effect. MDSCs was found to modulate the
development and induction of Treg cells recently [15],
however our study failed to show the relationship
between MDSCs and T cells, implicating the complex
mechanisms underlying the proliferation of Treg cells,
in which other than MDSCs might be involved.

Although various markers have been proposed
to define MDSCs, the most definitive identification of
MDSC = still remains their immunosuppressive
function. We found that the GrMDSCs were able to
inhibit T cell proliferation in vitro. In addition, the
inhibition capacity was more powerful in cancer
patients than those isolated from healthy donor. This
result proved that GrMDSCs from cervical cancer
patients have T cell immunosuppressive effects.

There are several factors can influence the
quantification of circulating MDSCs. First, the choice
either PBMCs or WB as the source for circulating
MDSCs can influence results and may lead to
potential bias in the evaluation of granulocytic cell
subset [18]. Loss of high-density polymorphonuclear
neutrophil (HD-PMN) in PBMCs during the process
of the Ficoll density gradient separation can result in a
partial loss of GrMDSCs [19]. In our study, we used
whole blood to analyze the percentage circulating
MDSCs, which could precisely reflect the original
distribution of immune cell populations in the tested
sample. Second, cell components were more complex
in whole blood than in PBMCs. The large number of
neutrophil cells in whole blood requires additional
immuno-labels to exclude nonspecific staining. A
lineage of cocktails (CD3/ CD19/ CD56/ CD14/
CD20/ CD16) was applied in our experiment. The
negative selection of CD16 antibody could filter the
mature neturophils out. Mature lymphocytes were
negatively selected by CD3/CD19/CD56 antibodies
and mononuclear cells by CD14. Third, there is no
well-established combination of markers defining the
subset of MDSCs although they are broadly separated
into CD15+GrMDSCs and  CD14+MoMDSCs
subtypes. Combinations such as HLA-DR- CD33+
CD11b+ CD14- CD15+, CD11b+ CD14— HLA-DR-

CD33+ CD15+, CD33+ HLA-DR- CD15+, CD11b+
CD14- CD15+, CD11b+ CD14- CD33+, Lin— CD33+
CD11b+ CD15+ etc. were applied to define GrMDSCs
[20], but its precision was not well documented. In
this study, we applied a stringent definition with the
applications of more markers for sorting
subpopulations. We believe that these technical points
are one of the major advantages in our study. Another
limitation is the heterogeneity in adjuvant
post-operative therapies, which might affect survival
outcome in NACT patients with risk factors.
However, several studies reported equivalent
therapeutic results between adjuvant chemotherapy,
chemoradiotherapy, and radiotherapy after radical
surgery [21,22].

In conclusion, our study demonstrates that the
increased frequencies of circulating GrMDSCs are
associated with tumor burden and recurrence in early
and locally advanced cervical cancer patients. These
findings, together with the decreased CD8+ cells
numbers in local immuno-environment, as well as the
inhibited CD8+ T cell proliferation index in vitro
support the immunosuppressive functions of
GrMDSCs in cervical cancer patients. Our study
suggests the GrMDSCs can serve as a potential
biomarker for evaluating the disease progression in
cervical cancers.
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