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Abstract
AIM: To perform a comprehensive investigation into 
the potential correlation between circulating myeloid-
derived suppressor cells (MDSCs) and Th17 cells in 
esophageal cancer (ECA). 

METHODS: A total of 31 patients newly diagnosed 
with ECA and 26 healthy subjects were included in the 
current study. The frequencies of MDSCs and Th17 cells 
in peripheral blood were determined by flow cytometry. 
The mRNA expression of cytokines, arginase 1 (Arg1) 
and inducible NO synthase (iNOS) in peripheral blood 
mononuclear cells (PBMCs) and plasma Arg1 were as-
sessed by real-time polymerase chain reaction and 

enzyme-linked immunosorbent assay, respectively.

RESULTS: There was an increased prevalence of MD-
SCs in the peripheral blood from ECA patients (15.21% 
± 2.25%) when compared with healthy control (HC) 
(1.10% ± 0.12%, P  < 0.0001). The plasma levels of 
Arg1 in ECA patients were significantly higher than 
those in HC (28.28 ± 4.10 ng/mL vs  9.57 ± 1.51 ng/
mL, P  = 0.0003). iNOS mRNA levels in the peripheral 
blood of ECA patients also showed a threefold increase 
compared with HC (P  = 0.0162). The frequencies of 
Th17 cells (CD4+IL-17A+) were significantly elevated in 
ECA patients versus HC (3.50% ± 0.33% vs  1.82% ± 
0.19%, P  = 0.0001). Increased mRNA expression of 
IL-17 and ROR-γt was also observed in ECA patients 
compared with HC (P  = 0.0041 and P  = 0.0004, re-
spectively), while the mRNA expression of IL-6 and 
tumor necrosis factor-α (TNF-α) showed significant 
decreases (P  = 0.0049 and P  < 0.0001, respectively). 
No obvious correlations were found between the fre-
quencies of MDSCs and Th17 cells in the peripheral 
blood from ECA patients(r  = -0.1725, P  = 0.3534). 
Arg1 mRNA levels were positively correlated with levels 
of IL-6 (r  = 0.6404, P  = 0.0031) and TNF-α (r  = 0.7646, 
P  = 0.0001). Similarly, iNOS mRNA levels were also 
positively correlated with levels of IL-6 (r  = 0.6782, P  = 
0.0007) and TNF-α (r  = 0.7633, P  < 0.0001). 

CONCLUSION: This study reveals the relationship 
between circulating MDSCs and Th17 cells, which may 
lead to new immunotherapy approaches for ECA based 
on the associated metabolites and cytokines.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Myeloid-derived suppressor cells (MDSCs) represent a 
heterogeneous population of  cells comprised of  myeloid 
progenitor cells and immature myeloid cells, which exert 
suppressive functions, regulating T cell responses through 
the production of  arginase 1 (Arg1), nitric oxide and re-
active oxygen species. These cells are suspected to play 
a crucial role in local and systemic tumor development, 
providing a beneficial microenvironment in which tumor 
cells can proliferate, expand, acquire new mutations and 
escape host immunosurveillance[1]. Elevated numbers 
of  MDSCs in peripheral blood have been demonstrated 
in a substantial number of  studies in different types of  
cancer, including malignant gliomas[2], head and neck can-
cer[3,4], invasive breast carcinomas[4], colon carcinoma[5], 
pancreatic cancer[6] and mesothelioma[7]. 

In esophageal cancer (ECA), it has recently been sho-
wn that there is a significant increase in the levels of  cir-
culating MDSCs, which is correlated with elevated num-
bers of  regulatory T cells (Tregs) and associated with an 
increased expression of  Arg1[6]. A recent report has also 
identified that MDSCs not only modulate the de novo 
induction of  Tregs and Th17 cells from CD4+ T cells but 
also catalyze the transdifferentiation of  Foxp3+ regula-
tory T cells from monocyte-induced Th17 cells[8]. These 
findings suggested that the interaction between MDSCs 
and T cell subsets may play an important role in the bal-
ance of  anti- and pro-tumor immune responses. As a new 
member of  the CD4+T-cell family, Th17 cells have been 
characterized as preferential producers of  interleukin (IL)-
17A, IL-17F, IL-21, IL-22, and tumor necrosis factor-α 
(TNF-α) and have been found in increased numbers in tu-
mor-bearing hosts, including ECA[9-11]. However, it is still 
controversial whether these Th17 cells promote or inhibit 
tumor progression[12-14]. Furthermore, whether there is a 
correlation between circulating MDSCs and Th17 cells in 
ECA remains unclear. The present study was designed to 
evaluate the relationship between circulating MDSCs and 
Th17 cells by examining the cell frequencies and related 
cytokines and other associated products in the peripheral 
blood from patients with ECA. 

MATERIALS AND METHODS
Patients and healthy controls 
Thirty-one patients (25 male, 6 female) newly diagnosed 
with ECA were included in the current study. These 
patients ranged from 50 to 78 years of  age (average age, 
61.97 ± 1.24 years). Twenty-six healthy subjects, matched 

for age and sex with the ECA patients, were studied as 
the controls. No subject was treated preoperatively or had 
a history of  autoimmune disease, and no healthy control 
had a prior history of  cancer. This study was approved by 
the research ethics committee of  the Affiliated Hospital 
of  Jiangsu University, and written informed consent was 
obtained from all individuals.

Flow cytometric quantification of myeloid-derived 
suppressor cells 
The MDSC population was defined as HLA-DR-/CD14-/
CD33+/CD11b+. Heparinized venous blood was freshly 
obtained from either the ECA patients or the healthy do-
nors. One hundred microliters of  blood was mixed with 
5μl of  each antibody (BD Bioscience, San Jose, CA or 
eBioscience, San Diego, CA, United States), then incu-
bated in a dark room for 15 min. Each sample was then 
mixed with 1 mL of  1 × lysing buffer (BD Biosciences). 
After incubation, the samples were washed with phos-
phate buffered saline (PBS), and the pellets were resus-
pended in 250 μL of  PBS. Labeled cells were washed and 
analyzed with a FACSCalibur flow cytometer (Becton-
Dickinson) using CellQuest software (Becton-Dickinson). 
In each case, staining was compared with that of  the ap-
propriately labeled isotype control antibody.

Flow cytometric quantification of Th17 cells 
Following centrifugation, the plasma was removed and 
stored at -70 ℃, while peripheral blood mononuclear 
cells (PBMC) were isolated by Ficoll density gradient 
centrifugation. PBMCs were used in two parts. Some 
PBMCs were frozen at -70 ℃ after mixing with TRIzol 
(Invitrogen, Carlsbad, CA, United States) for extracting 
total RNA, while the remaining cells was used for analy-
sis of  Th17 cells. Briefly, PBMCs were stimulated for 5 h 
using 50 ng/mL of  phorbol myristate acetate (PMA, Sig-
ma-Aldrich, MO, United States) and 1 g/mL ionomycin 
(Sigma-Aldrich, MO, United States) in the presence of  5 
g/mL brefeldin A (Sigma-Aldrich, MO, United States) at 
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Table 1  Primer pairs used in real-time polymerase chain 
reaction analysis

Target cDNA Upper/lower Sequence (5’ to 3’)

IL-17 U CAGATTACTACAACCGATCC
L ATGTGGTAGTCCACGTTCC

ROR-γt U GTGCTGGTTAGGATGTGCCG
L GTGGGAGAAGTCAAAGATGGA

IL-6 U AAAGAGGCACTGGCAGAAAA
L TTTCACCAGGCAAGTCTCCT

TNF-α U TAGCCCATGTTGTAGCAAACC
L ATGAGGTACAGGCCCTCTGAT

Arg1 U CAAGAAGAACGGAAGAATCAGC
L TTGTGGTTGTCAGTGGAGTGTT

iNOS U CTTTCCAAGACACACTTCACCA
L TATCTCCTTTGTTACCGCTTCC

β-actin U TGGCACCCAGCACAATGAA
L CTAAGTCATAGTCCGCCTAGAAGCA

TNF-α: Tumor necrosis factor-α; IL: Interleukin; iNOS: Inducible NO 
synthase; Arg: Arginase; U: Upper; L: Lower. 



37 ℃ and 5% CO2. The cells were then washed in PBS 
and surface-labeled with CD4-FITC (eBioscience, San 
Diego, CA, United States). Following surface staining, 
the cells were fixed and permeabilized using IntraPrep 
Permeabilization Reagent (Beckman Coulter Inc., Fuller-
ton, CA, United States) and then stained with IL-17A-PE 
(eBioscience, San Diego, CA, United States)[11]. Labeled 
cells were washed and analyzed with a FACSCalibur flow 
cytometer (Becton-Dickinson) using the CellQuest soft-
ware (Becton-Dickinson).

RNA extraction, cDNA synthesis and polymerase chain 
reaction
Total RNA was extracted from individual PBMC prepara-
tions using the TRIzol reagent (Invitrogen, Carlsbad, CA, 
United States). cDNA was prepared by reverse transcrip-

tion with oligo (dT) from total RNA extraction. Real-
time polymerase chain reaction (PCR) for IL-17, IL-6, 
TNF-α, Arg1, iNOS and a reference gene (β-actin) was 
performed in a LightCycler instrument (Roche Molecular 
Diagnostics, Mannheim, Germany) using the SYBRgreen 
mastermix kit (TaKaRa, Ohtsu, Japan). The expression 
data for each target gene were then normalized relative to 
β-actin. All primer sequences are shown in Table 1.

Enzyme-linked immunosorbent assay 
Plasma levels of  Arg1 were measured using an enzyme-
linked immunosorbent assay (ELISA) following the man-
ufacturer’s protocols (eBioscience, San Diego, CA, United 
States). Hemolyzed samples were excluded. All samples 
were assayed in triplicate, and the mean absorbance was 
calculated from the standard curve. 
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Figure 1  Elevated levels of myeloid-derived suppressor cells and their products, arginase 1 and inducible NO synthase, in esophageal cancer compared 
with healthy controls. A: Flow cytometric analysis of MDSCs in the peripheral blood from ECA patients and healthy control (HC); B: Plasma arginase 1 (Arg1) level 
was determined by ELISA; C: The mRNA level of iNOS in the peripheral blood from ECA patients and HC were assessed by real-time PCR; D: Representative flow 
diagrams of a healthy volunteer with marked elevation of circulating MDSCs; E: Representative flow diagrams of an ECA patient with marked elevation of circulating 
MDSCs are shown. Data were analyzed by the Student’s t-test. aP < 0.05, bP < 0.01 vs HC group. ECA: Esophageal cancer; MDSCs: Myeloid-derived suppressor 
cells; ELISA: Enzyme linked immunosorbent assay; iNOS: Inducible NO synthase; PCR: Polymerase chain reaction; FITC: Fluorescein isothiocyanate; FSC: Forward 
scatter; HLA-DR-PE: HLA-DR-phycoerythrin; APC: Allophycocyanin. 
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between two continuous variables was analyzed by the 
Spearman test. A P-value < 0.05 was considered signifi-
cant. Calculations were performed using GraphPad Prism, 

Statistical analysis
Statistical comparisons between groups used the appro-
priate Student’s t-test. Statistically significant correlation 
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Figure 2  Levels of Th17 cells and Th17-related cytokines and transcriptional factor in the peripheral blood of esophageal cancer compared with healthy 
controls. A: Flow cytometric analysis of Th17 cells in the peripheral blood from ECA patients and healthy control (HC); B: The mRNA levels of IL-17 was determined 
by real-time PCR; C: The mRNA levels of ROR-γt was determined by real-time PCR; D: The mRNA levels of IL-6 was determined by real-time PCR; E: The mRNA 
levels of TNF-α was determined by real-time PCR; F: Representative flow diagrams of a healthy volunteer with marked elevation of circulating Th17 cells; G: Repre-
sentative flow diagrams of an ECA patient with marked elevation of circulating Th17 cells are shown. Data were analyzed by the Student’s t-test. aP < 0.05, bP < 0.01 
vs HC group. ECA: Esophageal cancer; TNF-α: Tumor necrosis factor-α; IL: Interleukin; PCR: Polymerase chain reaction; FITC: Fluorescein isothiocyanate; FSC: 
Forward scatter; SSC: Side scatter. 
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Version 5.0, software (San Diego, CA, United States).

RESULTS
Increased frequencies of myeloid-derived suppressor 
cells in the peripheral blood of esophageal cancer 
patients
In the present study, MDSCs was defined as HLA-
DR-/CD14-/CD11b+/CD33+ cells. The frequencies of  
MDSCs were determined by multicolor flow cytometry 
and calculated as the percent (%) of  total nucleated cells 
in whole blood samples. As shown in Figure 1A, D and 
E, there was an increased prevalence of  MDSCs in the 
peripheral blood from ECA patients (15.21% ± 2.25%) 
when compared with healthy control (HC) (1.10% ± 
0.12%, P < 0.0001).

Increased plasma arginase 1 and inducible NO synthase 
mRNA expression in the peripheral blood from 
esophageal cancer patients
To investigate whether the products of  MDSCs were also 
elevated in ECA patients, we determined the plasma lev-
els of  Arg1 by ELISA and the mRNA levels of  iNOS by 
real-time PCR. As shown in Figure 1B, the plasma levels 
of  Arg1 in ECA patients were significantly higher than 
those in HC (28.28 ± 4.10 ng/mL vs 9.57 ± 1.51 ng/mL, 
P = 0.0003). iNOS mRNA levels in the peripheral blood 
of  ECA patients also showed a threefold increase com-
pared with HC (P = 0.0162, Figure 1C). 

Increased frequency of Th17 cells in the peripheral 
blood mononuclear cells of esophageal cancer patients
The frequencies of  Th17 cells in PBMCs of  ECA pa-
tients and HC were also determined by flow cytometry. 
As shown in Figure 2A, C and D, the frequencies of  
Th17 cells (CD4+IL-17A+) were significantly elevated in 
ECA patients when compared with HC (3.50% ± 0.33% 
vs 1.82% ± 0.19%, P = 0.0001). 

mRNA expression analyses in peripheral blood 
mononuclear cells from esophageal cancer patients 
showed increased interleukin-17 and ROR-γt and 
decreased interleukin-6 and tumor necrosis factor-α 
We also determined the mRNA levels of  the Th17-
related molecules IL-17, ROR-γt, IL-6 and TNF-α by 
real-time PCR. As shown in Figure 2B, increased mRNA 
expression of  IL-17 and ROR-γt was observed in ECA 
patients compared with HC (P = 0.0041 and P = 0.0004, 
respectively), while the mRNA expression of  IL-6 and 
TNF-α showed significant decreases (P = 0.0049 and P 
< 0.0001, respectively).

Correlation between myeloid-derived suppressor cells 
and Th17 cells in the peripheral blood from esophageal 
cancer patients and HC 
We next analyzed the possible correlation between the 
frequencies of  MDSCs and Th17 cells in the peripheral 
blood from ECA patients and HC. As shown in Figure 3, 
no obvious difference was found between the two groups 
(r = -0.1725, P = 0.3534).

Correlation of arginase 1, inducible NO synthase and 
Th17 cell-related molecules in the peripheral blood from 
HC and esophageal cancer patients
We examined the possible correlations between the 
mRNA levels of  Arg1, iNOS and Th17-related molecules 
(IL-17, ROR-γt, IL-6 and TNF-α) in ECA patients. As 
shown in Figure 4D and E, Arg1 mRNA levels were 
positively correlated with levels of  IL-6 (r = 0.6404, P = 
0.0031) and TNF-α (r = 0.7646, P = 0.0001). Similarly, as 
shown in Figure 4I and J, iNOS mRNA levels were also 
positively correlated with levels of  IL-6 (r = 0.6782, P = 
0.0007) and TNF-α (r = 0.7633, P < 0.0001). However, 
no obvious correlations were observed with Arg1 or 
iNOS with IL-17 or ROR-γt (Figure 4A-C and 4F-G).

DISCUSSION
MDSCs are a heterogeneous cell population that was 
recently identified as a pivotal factor in the immunosup-
pressive network described in cancer, autoimmune dis-
ease, sepsis, infectious disease and trauma[1,15,16]. In cancer, 
MDSCs are responsible for T cell defects as well as an-
giogenesis and tumor cell motility. In this study, we evalu-
ated the frequencies of  MDSCs in the peripheral blood 
in ECA patients. Our study confirms previous findings 
about the significant increase of  circulating MDSCs in a 
variety of  cancers. An early study reported the accumula-
tion of  immature cells, including early stage myeloid cells 
and immature monocytes and DCs, in the blood of  pa-
tients with head and neck, breast, and lung cancer[4]. My-
eloid cells with immunosuppressive properties can also 
be found among monocytes and neutrophils circulating 
in the peripheral blood of  patients with colon cancer and 
melanoma[5]. Patients with glioblastoma have increased 
MDSC counts (CD33+HLADR−) in their blood that are 
composed of  neutrophilic (CD15+, > 60%), lineage-
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negative (CD15−CD14−, 31%), and monocytic (CD14+, 
6%) subsets[2]. It has also been reported that there was 
an accumulation and persistence of  long-lived immature 
granulocytic MDSC with T cell-suppressive function and 
impaired migratory properties in the peripheral blood of  
squamous cell carcinoma of  the head and neck (HNSCC), 
lung cancer and cancers of  bladder and ureter[3]. Overall, 
these studies demonstrated the increase of  circulating 
MDSCs in cancers, although the levels of  MDSCs in 
peripheral blood varied across studies. These varying lev-
els may partly be the result of  differences in the type of  
cancers. Another explanation for these discrepancies may 
be methodological differences in which different markers 
and cell preparations were used to identify MDSCs. 

In human, MDSCs are most prevalently consid-
ered as cells expressing CD11b but lacking the expres-
sion of  CD14 or more narrowly defined as HLA-DR-

CD33+ cells[4,17]. In this study, we used CD14-HLA-DR-

CD33+CD11b+ as specific markers for human MDSCs in 
lysed whole blood. A recent study also reported elevated 
MDSCs in pancreatic, esophageal and gastric cancer and 
demonstrated that these cells were an independent prog-
nostic factor and associated with the significant elevation 
of  the Th2 cytokine interleukin-13[6]. The authors of  such 
study focused on circulating MDSCs defined as HLADR-

Lin1low/- CD33+ CD11b+ and used a cell preparation of  
PBMCs rather than lysed whole blood, as was used in our 
study. However, both studies demonstrated elevations of  
plasma Arg1, which is the functional product of  MDSCs, 
in ECA patients, compared with the controls. In addition 
to Arg1, we also found that iNOS mRNA levels in the 
peripheral blood of  ECA patients showed a threefold in-
crease compared with HC (P = 0.0162).

It is generally believed that Th17 cells and their asso-
ciated cytokines IL-6, TNF, IL-1β, IL-23 and TGF-β may 
play important roles in promoting the growth and sur-
vival of  cancer. Consistent with other previous reports, 
our study demonstrated that ECA patients exhibited a 
remarkable increase in the frequency of  circulated Th17 
cells. Furthermore, the mRNA levels of  Th17-related 
cytokines, IL-17 and ROR-γt, have also been shown to 
be significantly increased[18]. Deans et al[19]reported that 
proinflammatory cytokines IL-6 and TNF-α were signifi-
cantly overexpressed both at the mRNA and protein lev-
els in cancer specimens compared with the mucosa from 
controls. However, in contrast to Deans’s study, we found 
that the mRNA levels of  IL-6 and TNF-α were obvious-
ly decreased in ECA patients. One possible explanation 
for this discrepancy may result partly from the limited 
scale of  ECA subjects and determination methods. An-
other explanation is that, as is the case for most cancers, 
changes in peripheral blood could reflect partly or rather 
poorly the changes in tumor microenvironment. Further 
investigation should be performed to confirm the above 
inferences. 

Recent data demonstrated that in vivo transfer of  
G-MDSCs inhibited Th17 immune responses and ame-
liorated experimental autoimmune encephalomyelitis 
(EAE)[20]. In vitro, CD14+HLA-DR+ monocytes promote 

the generation of  IL-17-secreting RORc+ Th17 cells 
when cocultured with naive CD4+ T cells[8]. These results 
suggest that the interaction of  MDSC with Th17 cells 
would help to explain the pathogenesis of  autoimmune 
diseases and cancers. In fact, the initial question that mo-
tivated our study was to determine whether there would 
be a positive correlation between circulating MDSCs 
and Th17 cells in individual ECA patient. As expected, 
there were high correlations between the mRNA levels 
of  Arg1 or iNOS and IL-6 or TNF-α, which represent 
the products of  MDSCs and Th17 cells, respectively. Al-
though both the frequencies of  MDSCs and Th17 cells 
in ECA were much higher than those in healthy controls, 
there was surprisingly no obvious correlation between the 
frequency of  circulation MDSCs and Th17 cells. Con-
sistently, there were no significant correlations between 
Arg1 or iNOS and Th17 cells, IL-17 or ROR-γt. There is 
no clear explanation for such unexpected results. Further 
studies are necessary to explore whether the peripheral 
increase of  these cells could be found in local cancer tis-
sue and whether a correlation between MDSCs and Th17 
cells exist.

In conclusion, we have demonstrated a significant 
increase in circulating MDSCs and Th17 cells in ECA 
patients. The frequency of  MDSCs is not correlated with 
Th17 cells. Arg1 and iNOS, the products of  MDSCs, 
are consistently not associated with Th17 cells, IL-17 or 
ROR-γt but are positively correlated with Th17-related 
cytokines, including IL-6 and TNF-α. These results may 
bring new lines of  investigation on the role of  MDSCs 
and Th17 cells in ECA, possibly leading to new immuno-
therapy approaches based on the regulation of  metabo-
lites and cytokines. 

COMMENTS
Background
Esophageal cancer (ECA) occurs when the tissue that lines the esophagus be-
comes malignant. Cancer of the esophagus is the sixth leading cause of cancer 
mortality worldwide, constituting approximately 2% of all malignant tumors. The 
precise mechanisms of initiation and progression of this disease are unclear. 
Recently, a suppressor cell population of myeloid lineage was identified, named 
myeloid-derived suppressor cells (MDSCs), which is capable of reducing anti-
tumor as well as inflammatory immune responses. However, the characteriza-
tion of MDSCs and their correlation with the newly identified pro-inflammatory 
Th17 cells in esophageal cancer remains unclear. 
Research frontiers
MDSCs have gained much attention in recent years, mainly in the tumor immu-
nology community. Because MDSCs are still a very poorly defined cell popula-
tion, it will be difficult to specifically target these cells in cancer patients with the 
aim of engaging tumor-specific immune responses. The current research prior-
ity is how to identify better markers and the interaction of MDSCs with other cell 
types in different clinical settings, including in esophageal cancer.
Innovations and breakthroughs
Although the distribution of MDSCs and Th17 cells in esophageal cancer has 
been previously reported, a comprehensive correlation between circulating 
MDSCs and Th17 cells in ECA remains unclear. The present study was de-
signed to evaluate the relationship between circulating MDSCs and Th17 cells 
by examining the cell frequencies and related cytokines and other products in 
the peripheral blood from patients with ECA. The authors confirmed previous 
findings about significant increases in circulating MDSCs and Th17 cells in ECA 
patients. However, the frequency of MDSCs is not correlated with Th17 cells. 
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Arginase Ⅰ (Arg1) and inducible NO synthase (iNOS), the products of MDSCs, 
are consistently not associated with Th17 cells, IL-17 or ROR-γt but are posi-
tively correlated with Th17-related cytokines, including interleukin (IL)-6 and 
tumor necrosis factor-α (TNF-α). The results reveal the association between 
circulating MDSCs and Th17 cells, which may lead to new immunotherapy ap-
proaches for ECA based on the regulation of metabolites and cytokines.
Applications
Although it is difficult to specifically target these cells for immunotherapy, the 
results suggest that the regulation of metabolites and cytokines would be a po-
tential therapeutic approach for esophageal cancer. 
Terminology
MDSCs: Myeloid-derived suppressor cells (MDSCs), a heterogeneous popula-
tion of cells that consists of immature myeloid cells, immature granulocytes, 
monocytes-macrophages, dendritic cells and myeloid progenitor cells, is ca-
pable of reducing anti-tumor as well as inflammatory immune responses; Th17 
cells: a new member of the CD4+T cell family that have been characterized 
as preferential producers of interleukin-17A (IL-17A), IL-17F, IL-21, IL-22, and 
TNF-α and have been found in increased numbers in tumor-bearing hosts.
Peer review
This paper reported on the relationship between MDSCs and Th17 cells in ECA 
patients. The presented data are preliminary but novel.
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