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Abstract Myeloid-derived suppressor cells (MDSCs) are key
player in mediating systemic immunosuppression, and their
accumulation and expansion in the periphery and tumor have
been iteratively observed in patients with various types of
cancer. It has been reported that CD14+HLA-DR−/low

MDSCs are increased in hepatocellular carcinoma (HCC) pa-
tients; however, the clinical significance of MDSC alteration
in HCC patients after treatment is poorly studied. In this study,
we examined the frequency ofMDSCs in 92HCC patients, 14
chronic liver disease patients without HCC, and 22 healthy
controls by flow cytometric analysis. The associations be-
tween the clinical features and the frequency of MDSCs were
analyzed. In particular, we further examined the prognostic
impact of MDSCs on the overall survival of HCC patients
receiving radiation therapy. The frequency of MDSCs in
HCC patients was significantly increased and correlated with
tumor stage, size, burden, and Child-Pugh classification but
not with biochemical parameters of liver function. In HCC
patients who received radiation therapy, the frequency of
MDSCs after treatment significantly decreased and was in-
versely correlated with overall survival time. In multivariate
analysis, only post-treatment MDSC ratio and Child-Pugh
classification were correlated with the prognosis of HCC pa-
tients. Patients with a high frequency of MDSCs after

radiotherapy should be closely followed, and the inhibition
of MDSCs may improve the prognosis of patients.
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Introduction

Liver cancer is one of the most common cancers and the third
most frequent cause of cancer-related death worldwide [1].
Hepatocellular carcinoma (HCC) as a major type accounts
for 70 to 85 % of primary liver cancers [2]. Current treatment
options include surgical resection, chemotherapy, radiofre-
quency ablation (RFA), and transcatheter arterial
chemoembolization (TACE) [3–5]. Recently, radiotherapy is
growingly important in the management of HCC due to the
innovation of three-dimensional conformal radiation therapy
(3D-CRT) and intensity-modulated radiation therapy (IMRT)
[6]. Despite these treatments, tumor recurrence rate of HCC
patients is still high and the prognosis is dismal [7, 8].
Therefore, novel anti-tumor treatments for HCC are urgently
needed. In this regard, immunotherapies have represented a
great potential to overcome the aforementioned limitations
and prolong the survival time of HCC patients [9, 10]; how-
ever, systemic immune suppression is often observed in pa-
tients with HCC and must be overcome before immunother-
apies get success in clinic.

Recent research has been focused on myeloid-derived sup-
pressor cells (MDSCs) that play a key role in mediating im-
mune suppression in the host [11, 12]. MDSCs are immature
myeloid cells with immunosuppressive activity and observed
to accumulate in tumor-bearing mice and humans with differ-
ent types of cancer, including HCC [13–15], where they po-
tently inhibit T cell effector function via multiple mechanisms
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and consequently promote tumor development [12, 16].
Importantly, intervening strategies targeting the various as-
pects of MDSCs, including their development, expansion/ac-
tivation, function, and turnover, have demonstrated the anti-
tumor effects in pre-clinical animal models [17], indicating its
potentially therapeutic value in clinic. Regarding human
MDSCs, they are commonly defined as suppressor cells with
CD11b+CD33+HLA-DR−/low phenotype and can be divided
in to granu locy t i c CD14−CD15+ and monocy t i c
CD14+CD15− subtypes [11, 16]. In previous studies, it has
been documented that CD14+HLA-DR–/low MDSCs are in-
creased in HCC patients that can suppress the function of T
cells through the induction of regulatory T cells (Tregs) [13]
and concomitant ablation of these MDSCs and Tregs in pe-
ripheral blood mononuclear cells (PBMCs) of HCC patients
significantly rescues the effector functions of CD4+ and CD8+

T cells in vitro [15]. Furthermore, MDSC ratio has been re-
ported to be prognostic for HCC recurrence in patients receiv-
ing curative RFA therapy with MDSC frequency after treat-
ment inversely correlating with recurrence-free survival [14].
Therefore, CD14+HLA-DR–/low MDSCs are of clinical signif-
icance in HCC, and deeper elucidation of inhibitory mecha-
nism of MDSCs and controlling their function is very impor-
tant to develop more effective immunotherapy for HCC.

In this study, we investigated the clinical parameters asso-
ciated with the frequency ofMDSCs in patients with HCC and
the prognostic role of MDSCs in advanced HCC patients re-
ceiving radiotherapy to validate the significance of targeting
MDSCs.

Material and methods

Subjects and blood samples

Ninety-two histologically confirmed HCC patients without
other systemic diseases and 14 hepatitis patients undergoing
percutaneous liver biopsy to evaluate the disease severity re-
cruited at Department of Oncology of Beijing Chao-Yang
Hospital as well as 22 healthy blood donors were included
in this study. All patients received complete staging according
to the criteria of the seventh edition of the American Joint
Committee on Cancer (AJCC). We obtained the whole blood
from HCC patients prior to surgery, immunotherapy, radio-
therapy, chemotherapy, or any other treatment. Samples were
analyzed within 3 h of collection.

Of the 61 advanced HCC patients, 43 patients who re-
ceived 3D-CRT or IMRT alone were followed up for at most
2 years. They received less than a total dose of 60 Gy by
conventional fractionation of 2 Gy/fraction and five fractions
a week in 4–6 weeks. Post-treatment blood samples were ob-
tained in 3–4 weeks.

Antibodies and flow cytometry

For the surface marker, fresh heparinized peripheral blood was
added to the following monoclonal antibodies (all from
Beckman Coulter, Inc): PE-Cy7-conjugated CD14 (clone
RMO52), fluorescein isothiocyanate (FITC)-conjugated
HLA-DR (clone Immu357), and PE-Cy5-conjugated CD3
(clone UCHT1) with IgG2a-PE-Cy7, IgG2b-FITC, and
IgG1-PE-Cy5 mouse isotype control used as controls. After
incubation for 30 min at 4 °C in the dark, the cells were lysed
with RBC Lysis/Fixation Solution (Beckman Coulter, Inc).
Before intracellular staining, the cells were permeabilized
with Cytofix/Cytoperm Kit (BD Biosciences) and stained
with antibody Alexa Fluor 488-conjugated CD3ξ (clone
6B10.2; sc-1239 AF488 from Santa Cruz) or isotype-
matched control antibody (normal mouse IgG1 Alexa Fluor®

488; sc-3890 from Santa Cruz). Cells were analyzed using a
FC500 MPL flow cytometer (Beckman Coulter) and FlowJo
analysis software (Treestar).

MDSC isolation and proliferation

PBMCs were isolated from 20 ml of whole blood taken from
three patients with stage IV HCC by Histopaque-1077
(Sigma) density gradient centrifugation and then costained
with anti-HLA-DR/CD14/CD3 antibodies. CD14+HLA-
DR−/low cells and CD3+ T cells were purified by MoFloTM
XDP cell sorting system (BeckmamCoulter). The purity of all
isolated cell populations was >95 % (data not shown). For
functional analysis, purified T cells were labeled with 2 mM
carboxyfluorescein succinimidyl ester (CFSE) (Invitrogen
Molecular Probe) according to the manufacturer’s instruc-
tions, and consequent CFSE-labeled T cells (50,000/well)
were cocultured at various ratios with CD14+HLA-DR−/low

MDSCs in the absence or presence of CD3/CD28 beads
(Miltenyi Biotec) in 96-well round-bottomed plates
(Corning, Costar). After 72 h, proliferation was measured by
CFSE dilution as described previously [18, 19].

Statistical analysis

Data are expressed as the mean± standard deviation (SD) and
analyzed using the Statistical Package for the Social Sciences
version 18.0 (SPSS). Parametric (paired or unpaired t test and
Fisher’s exact test) or nonparametric (Mann–WhitneyU) were
used for univariate analysis of the two groups classified ac-
cording to the frequency of MDSCs. The cumulative survival
rates were calculated by the Kaplan–Meier method, and the
differences in survival rates were analyzed by the log-rank
test. The multivariate analysis of independent prognostic fac-
tors for survival was performed by the Cox proportional haz-
ard model. Statistical significance was set at p<0.05.
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Results

Circulating CD14+HLA-DR−/low cells are significantly
increased in HCC patients correlating with disease stage

We used whole blood to analyze the percentage of
CD14+HLA-DR−/low MDSCs. As shown in Fig. 1a, the
CD14+ monocytes were divided into CD14+HLA-DR+ cells
and CD14+HLA-DR−/low MDSCs based on HLA-DR expres-
sion. Consistent with previous study, the frequency of
CD14+HLA-DR−/low MDSCs was apparently higher in pa-
tients with HCC than healthy donors (mean 16.79 vs
9.33 %, p=0.0002; Fig. 1b). The absolute number of circulat-
ing CD14+HLA-DR−/lowMDSCs in peripheral blood was also
significantly increased in these patients (mean 41.3 vs
10.2 cells/μl, p<0.0001; Fig. 1c). The frequency of MDSCs
was correlated with the stage of HCC where patients with
advanced disease had a significantly higher level of circulat-
ing MDSCs compared to that with early disease (18.91 vs

12.61 % for stages III and IV (n=61) and stages I and II
(n=31), p=0.0005; Fig. 1d). The representative dotplots were
shown in Fig. 1a. Intriguingly, no significant difference in
MDSC frequency was seen between hepatitis patients without
HCC and healthy controls, although the frequency of MDSCs
in former was mildly higher.

To confirm the suppressive activities of CD14+HLA-
DR−/low MDSCs, we cocultured CD14+HLA-DR−/low

MDSCs sorted from PBMCs of HCC patients with autolo-
gous CD3+ T cells in the absence or presence of stimula-
tion conferred by beads coated with anti-CD2/-CD3/-
CD28 monoclonal ant ibodies . We observed that
CD14+HLA-DR−/low MDSCs suppressed proliferation of
autologous CD3+ T cells in a dose-dependent manner
(Fig. 2b). The representative histograms were shown in
Fig. 2a. In addition, we found that the CD3ξ expression
of CD3+ T cells was decreased significantly in the periph-
eral blood of HCC patients (n= 20) compared with healthy
donors (n= 20; Fig. 2c).

Fig. 1 Frequency and number of CD14+HLA-DR−/low cells are significantly
increased in the peripheral blood of HCC patients. a The representative
dotplots showing CD14+HLA-DR−/low MDSCs in the peripheral blood of
healthy donors (HDs) and two HCC patients. b The frequency of

CD14+HLA-DR−/low MDSCs in the peripheral blood of HD and HCC
patients. cAbsolute number of CD14+HLA-DR−/lowMDSCs in the peripheral
blood of HD and HCC patients. d The frequency of CD14+HLA-DR−/low

MDSCs in HD, patients with hepatitis, and HCC patients of different stages
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Characteristics of clinical parameters related
to the MDSC frequency in HCC patients

The HCC patients were divided into two groups by the thresh-
old of an MDSC frequency of 14.6 % that is the average+2
SD of the MDSC frequency in non-HCC patients.
Characteristics of clinical parameters of HCC patients are pre-
sented in Table 1, including age, gender, tumor-node-
metastasis (TNM), Child-Pugh tumor size, alpha-fetoprotein
(AFP), aspartate aminotransferase (AST), alanine transami-
nase (ALT), and tumor multiplicity. There was no significant
difference between the two groups with regard to age, gender,
AFP, AST, ALT, and GGT. Compared to that with lower
MDSC frequency, patients with higher MDSC frequency
had more advanced disease (TNM I/II vs II/IV, 24/22 vs
7/39, p = 0.0003), bigger tumor size (5.09 vs 7.39 cm,
p<0.0001), worse Child-Pugh classification (A/B/C 30/14/2
vs 15/24/7, p=0.0055), and more tumor nodules (solitary/
multiple, 25/21 vs 9/37, p<0.0001).

Frequency of CD14+HLA-DR−/low cells is associated
with overall survival in HCC patients

The frequency of MDSCs was examined before and after
curative 3D-CRT or IMRT therapy in 43 followed-up

patients. The average frequency of CD14+HLA-DR−/low

MDSCs before treatment (17.37 %) was reduced to

Fig. 2 Circulating CD14+HLA-DR−/low cells from HCC patients
effectively suppress the proliferation of autologous CD3+ T cells. a
Proliferation of CD3+ T cells was measured by dilution of CFSE
staining intensity using flow cytometry. Representative histograms for
each ratio of CD3+ T cell and MDSCs are shown. b The frequencies of

CFSE−/low cells are shown (n= 3; bars SD). c The percentage of CD3ξ
expression and the mean fluorescence intensity (MFI) of histograms of
CD3ξ expression on CD3+ T cells was decreased significantly in the
peripheral blood of HCC patients (n= 5) compared with healthy donors
(n = 5)

Table 1 Clinical parameters and MDSCs

Clinical parameters MDSC frequency
<14.6 % (n = 46)

MDSC frequency
≥14.6 % (n= 46)

p value

Age (year) 54.00 ± 10.12 54.00 ± 10.61 0.9489

Gender 34/12 38/8 0.449

TNM (I + II/III + IV) 24/22 7/39 0.0003

Child-Pugh (A/B/C) 30/14/2 15/24/7 0.0055

Tumor size (cm) 5.09 7.39 <0.0001

AFP (ng/ml) 539.34 1426.56 0.166

HBV/HCV 38/8 40/6 0.773

ALT (IU/l) 69.35 85.5 0.406

AST (IU/l) 68.6957 97.28 0.151

GGT (IU/l) 118.20 138.76 0.553

Tumor multiplicity
(solitary/multiple)

25/21 9/37 0.001

Fisher’s exact test and Mann–Whitney U test were used for univariate
analysis of two groups that were classified according to the frequency of
MDSCs

AFP alpha-fetoprotein, HBV hepatitis B virus, HCV hepatitis C virus,
ALT alanine aminotransferase, AST aspirate aminotransferase, GGT
glutamyltranspetidase
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13.21 % after therapy (p= 0.0102; Fig. 3a). In addition,
overall survival was significantly shortened in the group
with high frequency of post-MDSC frequency (p= 0.025;
Fig. 3b). We then analyzed the risk factors for prognosis in
these patients (Table 2). In univariate analysis, Child-Pugh
B, tumor size ≥6 cm, AFP ≥500 ng/ml, ALT ≥40 UI/l, AST
≥40 UI/l, pre-treatment MDSC ratio ≥14.6 %, and post-
treatment MDSC ratio ≥14.6 % were significantly associ-
ated with worse prognosis in these HCC patients. In mul-
tivariable analysis, only post-treatment MDSC ratio
≥14.6 % (hazard ratio (HR) 2.838, 95 % confidence inter-
val (CI) 1.379–5.837, p= 0.005) and Child-Pugh B (HR
3.290, 95 % CI 1.483–7.300, p= 0.003) were found to be
risk factors.

Discussion

As an important immune regulator, MDSCs can block T cell
function and facilitate tumor formation [20, 21]. Recent re-
search into the onset, progression, metastasis, recurrence,
and prognosis of HCC is especially interested in MDSCs
due to its significant role in immune suppression and resis-
tance to traditional therapies, as reported in several published
studies [13–15, 22]. The involvement of MDSCs in progres-
sion of malignant disease is further supported by experiment
observations that targeting MDSCs can indeed affect angio-
genesis, an essential pre-requisite for tumor growth [23, 24].
These data suggest that CD14+HLA-DR−/low MDSCs may be
of clinical significance for HCC.

Fig. 3 a In 43 advanced HCC
patients who received curative
radiotherapy (3D-CRT or IMRT),
the frequency of MDSCs was
significantly decreased after
treatment (p= 0.0102). bKaplan–
Meier curve for overall survival
after curative radiotherapy. The
overall survival time of HCC
patients with higher level of
MDSCs was shortened

Table 2 Cox multivariate
analysis for overall survival in
3D-CRT-treated HCC patients

Variable Univariate Multivariate

p value HR (95 % CI) p value HR (95 % CI)

Age (≥50 vs <50) 0.691 0.861 (0.412–1.799) 0.892

Gender (male vs female) 0.233 1.796 (0.687–4.696) 0.629

TNM (stage IV vs stage III) 0.327 1.430 (0.700–2.921) 0.997

Child-Pugh (B vs A) 0.009 2.853 (1.295–6.284) 0.003 3.290 (1.483–7.300)

Tumor size (≥6 vs <6 cm) 0.046 2.659 (1.016–6.962) 0.281

AFP (≥500 vs <500 ng/ml) 0.026 2.424 (1.110–5.297) 0.345

ALT (≥40 vs <40 UI/l) 0.035 2.220 (1.058–4.660) 0.69

AST (≥40 vs <40 UI/l) 0.406 0.736 (0.357–1.518) 0.643

Tumor multiplicity

(Multiple vs solitary) 0.054 2.305 (0.987–5.382) 0.102

Pre-MDSC frequency

(≥14.6 vs <14.6 %) 0.041 2.257 (1.035–4.924) 0.149

Post-MDSC frequency

(≥14.6 vs <14.6 %) 0.015 2.414 (1.185–4.920) 0.005 2.838 (1.379–5.837)

HR hazard ratio, CI confidence interval, AFP alpha-fetoprotein, ALT alanine aminotransferase, AST aspirate
aminotransferase
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In the present study involving 92 HCC patients, 14 hepati-
tis patients, and 22 healthy controls, we investigated the im-
pact of frequency of CD14+HLA-DR−/low MDSCs on clinical
parameters and radiotherapy effects. Consistent with previous
studies [13–15], we found that HCC patients had a significant-
ly higher level of CD14+HLA-DR−/low MDSCs compared to
the healthy controls. Such an increase in MDSC frequency,
however, was not revealed in hepatitis patients. The findings
have biological plausibility, since CD14+HLA-DR−/low cells
serve as immunity suppressors and higher level of
CD14+HLA-DR−/low MDSCs indicates the severer systemic
immunosuppression and therefore increases the pre-
disposition of carcinogenesis.

In addition to increased percentage and number of MDSCs
in HCC patients, we observed that the MDSC frequency was
correlated with the progression of HCC (tumor stage, size, and
burden and Child-Pugh scores) but not biochemical parame-
ters of liver function. The frequency of CD14+HLA-DR−/low

MDSCs has been also reported to be correlated with tumor
progression in other cancers, such as melanoma, prostate can-
cer, and bladder cancer [25–27]. As MDSC frequency did not
increased in patients with hepatitis, it is very likely that expan-
sion of CD14+HLA-DR−/low MDSCs was mostly derived
from the tumor environment itself but not from inflammation
or fibrosis of liver tissue around the tumor [14]. This specula-
tion is supported by the finding that frequency of circulating
CD14+HLA-DR−/low MDSCs decreased in most patients with
curative treatment in this study. We also found reduced CD3ξ
expression on CD3+ T cells in the peripheral blood of HCC
patients, indicating that CD14+HLA-DR−/low MDSCs may
inhibit the activation of T cells by decreasing the expression
of CD3ξ signaling chain. MDSCs highly express arginase 1
that catabolizes L-arginine consequently reducing the rawma-
terials for CD3ξ synthesis, thus leading to blocked transmis-
sion of T cell antigen recognition signals and suppressed pro-
liferation of T cells [28].

We also examined the change of MDSC frequency before
and after curative therapy in 43 followed-up patients receiving
radiotherapy (3D-CRT or IMRT) and found that frequency of
CD14+HLA-DR−/low MDSCs significantly decreased after
treatment. Although radiotherapy has been widely used clini-
cally to treat primary and metastatic malignancies in a large
part of cancer patients, its effect remains to be elucidated on
the tumor immune microenvironment. Regarding the impacts
of radiotherapy on MDSCs, previous studies showed that ra-
diotherapy could decrease the numbers of immunosuppressive
MDSCs in cancer patients with primary or metastatic diseases
and as an independent immune parameter deceased MDSCs
after treatment predicted the good response in those patients
[29, 30]. Consistent with these reports, we also observed that
the frequency of CD14+HLA-DR−/lowMDSCs after radiother-
apy was negatively correlated with the prognosis of HCC
patients since patients with higher level of post-treatment

MDSCs had an evidently shortened overall survival. Thus,
the findings support that the alterations in MDSC frequency
can be viewed as a prognostic factors for cancer patients
[14, 31].

Radiotherapy with accurate delivery of the irradiation dose
has been widely applied in recent years; however, many pa-
tients suffer from local tumor recurrences following radiother-
apy [32, 33]. Therefore, attempts to improve the efficacy of
radiotherapy via combination treatment with other treatment
regimens are urgently pursued. The findings that radiotherapy
attenuated the accumulation of circulating MDSCs in HCC
patients supports the exploration of combined treatment of
radiotherapy and immunotherapy for advanced HCC since
decreased immunosuppression by radiotherapy provides a
permissive setting for an optimal effect of immunotherapy
administered sequentially. This notion has been elegantly val-
idated by recent studies demonstrating the impressively syn-
ergistic anti-tumor efficacy of radiotherapy and immune
checkpoint inhibitors (anti-PD1, anti-CTLA4, and anti-PD-
L1 antibodies) in pre-clinical animal models [34, 35]. In this
aspect, patients with decreased MDSC after radiotherapy may
be best suited for this combined treatment, which should be
evaluated in future clinical trials.

In sum, we conclude that MDSCs levels may be an impor-
tant predictor for radiotherapy effects of HCC and have direct
association with tumor progression or resolution. MDSCs
could be used a biomarker for prognosis of HCC, highlighting
the clinical significance of MDSCs. Considering the sample
inadequacy, the exact role of MDSCs in human HCC requires
further larger studies to confirm.

Acknowledgments We thank Yang Yang for his excellent technical
assistance in flow cytometry. This work was supported by the Beijing
Natural Science Foundation (No. 7133253). The funders had no role in
the study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Compliance with ethical standards The study protocol was approved
by the Ethics Committee of Beijing Chao-Yang Hospital. All participants
provided written informed consent.

Conflicts of interest None

References

1. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiolo-
gy and molecular carcinogenesis. Gastroenterology. 2007;132:
2557–76.

2. French SW, Lee J, Zhong J, Morgan TR, Buslon V, Lungo W, et al.
Alcoholic liver disease—hepatocellular carcinoma transformation.
J Gastrointest Oncol. 2012;3:174–81.

10432 Tumor Biol. (2016) 37:10427–10433



3. Curley SA, Izzo F, Ellis LM, Nicolas Vauthey J, Vallone P.
Radiofrequency ablation of hepatocellular cancer in 110 patients
with cirrhosis. Ann Surg. 2000;232:381–91.

4. Lencioni R, Chen XP, Dagher L, Venook AP. Treatment of
intermediate/advanced hepatocellular carcinoma in the clinic: how
can outcomes be improved? Oncologist. 2010;15 Suppl 4:42–52.

5. Yamashita T, Arai K, Sunagozaka H, Ueda T, Terashima T,
Mizukoshi E, et al. Randomized, phase ii study comparing interfer-
on combined with hepatic arterial infusion of fluorouracil plus cis-
platin and fluorouracil alone in patients with advanced hepatocel-
lular carcinoma. Oncology. 2011;81:281–90.

6. Feng M, Ben-Josef E. Radiation therapy for hepatocellular carcino-
ma. Semin Radiat Oncol. 2011;21:271–7.

7. Izumi N, Asahina Y, Noguchi O, Uchihara M, Kanazawa N, Itakura
J, et al. Risk factors for distant recurrence of hepatocellular carci-
noma in the liver after complete coagulation by microwave or ra-
diofrequency ablation. Cancer. 2001;91:949–56.

8. Komorizono Y, Oketani M, Sako K, Yamasaki N, Shibatou T,
Maeda M, et al. Risk factors for local recurrence of small hepato-
cellular carcinoma tumors after a single session, single application
of percutaneous radiofrequency ablation. Cancer. 2003;97:1253–
62.

9. Butterfield LH. Immunotherapeutic strategies for hepatocellular
carcinoma. Gastroenterology. 2004;127:S232–41.

10. Walter S, Weinschenk T, Stenzl A, Zdrojowy R, Pluzanska A,
Szczylik C, et al. Multipeptide immune response to cancer vaccine
ima901 after single-dose cyclophosphamide associates with longer
patient survival. Nat Med. 2012;18:1254–61.

11. Ostrand-Rosenberg S. Myeloid-derived suppressor cells: more
mechanisms for inhibiting antitumor immunity. Cancer immunol
Immunother. 2010;59:1593–600.

12. Greten TF, Manns MP, Korangy F. Myeloid derived suppressor
cells in human diseases. Int Immunopharmacol. 2011;11:802–7.

13. Hoechst B, Ormandy LA, BallmaierM, Lehner F, Kruger C,Manns
MP, et al. A new population of myeloid-derived suppressor cells in
hepatocellular carcinoma patients induces cd4(+)cd25(+)foxp3(+)
T cells. Gastroenterology. 2008;135:234–43.

14. Arihara F, Mizukoshi E, Kitahara M, Takata Y, Arai K, Yamashita
T, et al. Increase in cd14+hla-dr−/low myeloid-derived suppressor
cells in hepatocellular carcinoma patients and its impact on progno-
sis. Cancer Immunol Immunother. 2013;62:1421–30.

15. Kalathil S, Lugade AA, Miller A, Iyer R, Thanavala Y. Higher
frequencies of garp(+)ctla-4(+)foxp3(+) T regulatory cells and
myeloid-derived suppressor cells in hepatocellular carcinoma pa-
tients are associated with impaired T-cell functionality. Cancer Res.
2013;73:2435–44.

16. Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated reg-
ulation of myeloid cells by tumours. Nat Rev Immunol. 2012;12:
253–68.

17. Draghiciu O, Lubbers J, Nijman HW, Daemen T. Myeloid derived
suppressor cells-an overview of combat strategies to increase im-
munotherapy efficacy. Oncoimmunol. 2015;4:e954829.

18. Zhang B,Wang Z, Wu L, ZhangM, Li W, Ding J, et al. Circulating
and tumor-infiltrating myeloid-derived suppressor cells in patients
with colorectal carcinoma. PLoS One. 2013;8:e57114.

19. Solito S, Falisi E, Diaz-Montero CM, Doni A, Pinton L, Rosato A,
et al. A human promyelocytic-like population is responsible for the

immune suppressionmediated bymyeloid-derived suppressor cells.
Blood. 2011;118:2254–65.

20. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as
regulators of the immune system. Nat Rev Immunol. 2009;9:162–
74.

21. Ostrand-Rosenberg S, Sinha P. Myeloid-derived suppressor cells:
linking inflammation and cancer. J Immunol. 2009;182:4499–506.

22. Kapanadze T, Gamrekelashvili J, Ma C, Chan C, Zhao F, Hewitt S,
et al. Regulation of accumulation and function of myeloid derived
suppressor cells in different murine models of hepatocellular carci-
noma. J Hepatol. 2013;59:1007–13.

23. Yang L, DeBusk LM, Fukuda K, Fingleton B, Green-Jarvis B, Shyr
Y, et al. Expansion of myeloid immune suppressor gr+cd11b+ cells
in tumor-bearing host directly promotes tumor angiogenesis.
Cancer Cell. 2004;6:409–21.

24. Waldron TJ, Quatromoni JG, Karakasheva TA, Singhal S, Rustgi
AK. Myeloid derived suppressor cells: targets for therapy.
Oncoimmunology. 2013;2:e24117.

25. Vuk-Pavlovic S, Bulur PA, Lin Y, Qin R, Szumlanski CL, Zhao X,
et al. Immunosuppressive cd14+hla-drlow/− monocytes in prostate
cancer. Prostate. 2010;70:443–55.

26. Yuan XK, Zhao XK, Xia YC, Zhu X, Xiao P. Increased circulating
immunosuppressive cd14(+)hla-dr(−/low) cells correlate with clin-
ical cancer stage and pathological grade in patients with bladder
carcinoma. J Int Med Res. 2011;39:1381–91.

27. Poschke I, Mougiakakos D, Hansson J, Masucci GV, Kiessling R.
Immature immunosuppressive cd14+hla-dr−/low cells in melanoma
patients are stat3hi and overexpress cd80, cd83, and dc-sign.
Cancer Res. 2010;70:4335–45.

28. Bronte V, Serafini P, Mazzoni A, Segal DM, Zanovello P. L-
arginine metabolism in myeloid cells controls t-lymphocyte func-
tions. Trends Immunol. 2003;24:302–6.

29. Napolitano M, D’Alterio C, Cardone E, Trotta AM, Pecori B, Rega
D, et al. Peripheral myeloid-derived suppressor and T regulatory
pd-1 positive cells predict response to neoadjuvant short-course
radiotherapy in rectal cancer patients. Oncotarget. 2015;6:8261–70.

30. Chen HM,Ma G, Gildener-Leapman N, Eisenstein S, Coakley BA,
Ozao J, et al. Myeloid-derived suppressor cells as an immune pa-
rameter in patients with concurrent sunitinib and stereotactic body
radiotherapy. Clin Cancer Res. 2015;21:4073–85.

31. Gabitass RF, Annels NE, Stocken DD, Pandha HA,Middleton GW.
Elevated myeloid-derived suppressor cells in pancreatic, esophage-
al and gastric cancer are an independent prognostic factor and are
associated with significant elevation of the th2 cytokine interleukin-
13. Cancer Immunol Immunother. 2011;60:1419–30.

32. Begg AC, Stewart FA, Vens C. Strategies to improve radiotherapy
with targeted drugs. Nat Rev Cancer. 2011;11:239–53.

33. Liauw SL, Connell PP, Weichselbaum RR. New paradigms and
future challenges in radiation oncology: an update of biological
targets and technology. Sci Transl Med. 2013;5:173sr172.

34. Twyman-Saint Victor C, Rech AJ,Maity A, Rengan R, Pauken KE,
Stelekati E, et al. Radiation and dual checkpoint blockade activate
non-redundant immune mechanisms in cancer. Nature. 2015;520:
373–7.

35. Deng L, Liang H, Burnette B, Beckett M, Darga T, Weichselbaum
RR, et al. Irradiation and anti-pd-l1 treatment synergistically pro-
mote antitumor immunity in mice. J Clin Invest. 2014;124:687–95.

Tumor Biol. (2016) 37:10427–10433 10433


	The...
	Abstract
	Introduction
	Material and methods
	Subjects and blood samples
	Antibodies and flow cytometry
	MDSC isolation and proliferation
	Statistical analysis

	Results
	Circulating CD14+HLA-DR−/low cells are significantly increased in HCC patients correlating with disease stage
	Characteristics of clinical parameters related to the MDSC frequency in HCC patients
	Frequency of CD14+HLA-DR−/low cells is associated with overall survival in HCC patients

	Discussion
	References


