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ABSTRACT

Monocytic myeloid-derived suppressor cells (mo-MDSCs) and dendritic cells (DCs) 
are both derived from monocytes. Moreover, over-expressed vascular endothelial cell 
growth factor (VEGF) is correlated with decreased DCs numbers in oral squamous cell 
carcinoma (OSCC). However, the role of VEGF in the differentiation and migration of 
monocytes in OSCC is unclear. The numbers of monocytes and CD14+HLA-DRlow/–mo-
MDSCs were assessed in peripheral blood samples from 330 pre- and post-operative 
OSCC patients and 60 healthy controls. We found that frequencies of mo-MDSCs 
were higher in OSCC patients but decreased in postoperative patients. Moreover, 
the expression of VEGF, CD14, STAT3, and p-STAT3 and correlations of VEGF and 
STAT3 were determined by immunohistochemical analysis. VEGF expression in stroma 
positively correlated with STAT3 activation. Furthermore, the role of VEGF in the 
switch of monocytes into mo-MDSCs or DCs was also determined. VEGF secreted 
by OSCC cells in vitro decreased the DC markers but increased the frequency of 
mo-MDSCs, which was constrained by bevacizumab, an anti-VEGF antibody, and the 
STAT3 inhibitor. The expression of VEGF and activation of STAT3 in OSCC promoted 
the migration of monocytes. Therefore, VEGF could affect the differentiation and 
migration of monocytes via STAT3 activation in OSCC.
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INTRODUCTION

Myeloid cells can differentiate into granulocytes, 
monocytes, and dendritic cells (DCs) under normal 
physiological conditions. However, in tumor 
microenvironments, the differentiation of myeloid lineage 
cells is aberrant because of the factors produced by 
tumor cells. Numerous clinical studies have shown that 
functionality of mature DCs decreased in patients with 
breast [1], non-small cell lung [2], pancreatic [3], cervical 
[4], hepatocellular [5], and prostate cancers as well as 
glioma [6] and oral squamous cell carcinoma (OSCC). 

Myeloid-derived suppressor cells (MDSCs) are 
categorized into two main subpopulations with either a 
monocytic morphology (mo-MDSCs) or a polymorphonuclear 
morphology (PMN-MDSCs) [7, 8]. CD14+HLA-DRlow/- cells 
have been considered as mo-MDSCs in several kinds of 
tumors [9–11]. The number of MDSCs increases in the blood 
of patients with renal cell carcinoma [12], prostate cancer [11], 
none-small cell lung cancer [13] and other kinds of cancer 
[14, 15]. DCs and MDSCs are derived from common 
progenitor myeloid cells [16], and monocytes are the major 
precursor of DCs in humans [17]. It has been reported that 
CD14+ cells from cancer patients with an increased population 
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of CD14+HLA-DRlow/- cells and have a deficiency to generate 
mature DCs [18].

Neoplastic and tumor-associated stromal cells 
release multiple soluble factors that perturb the myeloid 
compartment. Among these factors, vascular endothelial 
cell growth factor (VEGF) is one of the most important 
for angiogenesis. Our previous study demonstrated high 
expression of VEGF either in the serum or primary 
tumor site of OSCC patients, and its concentration was 
inversely correlated with the number of mature DCs 
[19], indicating an effect on the differentiation of DCs. 
Furthermore, some studies have shown an association 
between VEGF expression and signal transducer and 
activator of transcription 3 (STAT3) signaling, and 
inhibition of active STAT3 in tumor cells suppresses the 
expression of VEGF [20–22]. STAT3 is also constitutively 
activated in immune cells in the tumor microenvironment, 
which mediates cancer cell-initiated immune evasion 
signals in various immune cells [23, 24]. Inactivation of 
STAT3 signaling in hematopoietic cell-specific conditional 
knockout mice enhances antitumor immune responses 
through activation of various immune cells such as DCs 
[25]. However, it is unclear whether VEGF contributes to 
the recruitment and retention of monocytes in the primary 
tumor site or promotes differentiation of monocytes into 
immunosuppressive mo-MDSCs in OSCC. It is also 
unclear whether STAT3 participates in the dysfunction and 
dysdifferentiation of monocytes in OSCC.

In this study, frequencies of mo-MDSCs were 
higher in OSCC patients but decreased in postoperative 
patients. VEGF expression in the tumor nest (TN) was 
positively correlated with activation of STAT3 in the 
TN and tumor stroma (TS). Our data also indicated that 
VEGF affected the differentiation of monocytes and 
promoted the accumulation of mo-MDSC in OSCC via 
STAT3 activation. These findings suggest that inhibition 
of both VEGF expression and STAT3 activation may be 
an effective strategy for OSCC treatment.

RESULTS

Frequencies of mo-MDSCs were higher in OSCC 
patients but decreased in postoperative patients

To investigate the changes of monocytes in the 
peripheral blood of OSCC patients, we examined whole 
blood. The number of monocytes was increased slightly 
in OSCC patients (n = 330) compared with healthy 
controls (n = 60) but without a significant difference 
(P > 0.05; Figure 1A). However, upon removal of the 
OSCC tumor by resection, the numbers of monocytes 
were increased significantly in postoperative peripheral 
blood when compared with preoperative samples and 
controls (P < 0.001; Figure 1A). Moreover, we also 
investigated the number of leukocytes, the number of 
lymphocytes and neutrophils. There was a decrease 

in the number of leukocytes in OSCC patients, which 
increased significantly in postoperative peripheral blood 
compared healthy and preoperative peripheral blood 
samples (P < 0.01; Supplementary Figure 1A). The 
number of lymphocytes was more significantly decreased 
in OSCC patients when tumor was removed (P < 0.01; 
Supplementary Figure 1B). The number of neutrophils 
was increased significantly in both preoperative and 
postoperative peripheral blood of OSCC patients 
(P < 0.01; Supplementary Figure 1C). Furthermore, 
compared with preoperative peripheral blood, the number 
of neutrophils was elevated significantly in postoperative 
peripheral blood (P < 0.01; Supplementary Figure 1C). 
These results demonstrated that numbers of leukocytes, 
including monocytes, lymphocytes and neutrophils, were 
abnormal in OSCC patients.

MDSCs and DCs are commonly derived from 
myeloid cells, but these cell types have opposing 
functions. Therefore, we hypothesized that the frequency 
of mo-MDSCs was abnormal in OSCC patients and may 
change upon tumor removal because of decreases in the 
factors secreted by tumor cells. Therefore, the frequency 
and number of CD14+HLA-DRlow/-cells were assessed and 
the gating strategy are as follows: Firstly, monocytes were 
gated as G1 according to the FSC and SSC parameters, 
then cells in G1 were analyzed according to CD14 and 
HLA-DR expressions. Cells in upper left quadrant were 
analyzed for CD14+HLA-DRlow/− cells (Figure 1B). FCM 
analysis revealed that the frequency of CD14+HLA-DRlow/-

mo-MDSCs was increased significantly in 51 OSCC 
patients compared with 16 healthy controls (Figure 1B 
and 1C, P < 0.001), which was decreased significantly 
in postoperative peripheral blood (n = 18) (Figure 1D, 
P < 0.05). We also calculated the absolute numbers of 
mo-MDSCs and found that it was increased in OSCC 
patients when compared with healthy controls (Figure 1E, 
P < 0.05). However, there was no significant difference 
in preoperative and postoperative patient samples (Figure 
1F, P > 0.05). Importantly, the suppressive function of 
CD14+HLA-DRlow was determined by the co-culture with 
CD4+ T cells to analyze its proliferation. The data showed 
that CD14+HLA-DRlow/- cells could significantly inhibit 
the CD3/28-stimulated proliferation of T cells, indicating 
that CD14+HLA-DRlow/- cells are immunosuppressive 
cells (Supplementary Figure 2). These results suggested 
that certain factors secreted by OSCC tumor cells may 
contribute to the abnormal of myeloid cells.

Elevated VEGF expression and infiltrating 
CD14+ cells in tumor compartments including TS 
and TN 

Our previous study demonstrated high concentration 
of VEGF in the serum of OSCC patients. However, we 
did not investigate the expression of VEGF in tumor 
compartments, including the tumor cells in TN and 
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Figure 1: Frequencies of monocytes and CD14+HLA-DRlow/- mo-MDSCs are decreased in the postoperative peripheral 
blood of OSCC patients. (A) No significant difference was found in the frequency of monocytes between OSCC patients (n = 330) 
and healthy controls (n = 60), but it was significantly lower in postoperative peripheral blood than in preoperative and control samples 
(P < 0.001). (B) FCM was used to analyze mo-MDSCs (CD14+HLA-DRlow/-) in the peripheral blood of OSCC patients and healthy 
controls. (C) The frequency of CD14+HLA-DRlow/- mo-MDSCs was significantly higher in OSCC patients (n = 51) than in controls (n = 16) 
(P < 0.01). (D) The frequency of CD14+HLA-DRlow/- mo-MDSCs was significantly lower in postoperative OSCC patients than in 
preoperative OSCC patients (n = 18, P < 0.05). (E) The absolute number of mo-MDSCs was increased in OSCC patients (P < 0.05). (F) 
No significant difference was found in the absolute number of mo-MDSCs between preoperative and postoperative OSCC patients (P > 
0.05). Data are shown as means ± SEM. Statistical significance was assessed by the Mann–Whitney U-test. *P < 0.05;**P < 0.01;***P < 
0.001; ns: no significant difference.
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infiltrating leukocytes in TS including fibroblastic cells, and 
other cell types, as well as non-tumor (NT) compartments. 
Therefore, immunohistological analysis was carried out to 
detect VEGF expression in NT, TN and TS compartments. 
Three different areas in the same tumor sample were 
observed. Immunohistochemical staining patterns of VEGF 
in OSCC tumor tissues (n = 79) are shown in Figure 2A. The 
VEGF expression was lower in the NT compartment than 
that in the tumor compartments, and significantly higher in 
TN than that in TS compartments (P < 0.001, Figure 2B).
These results suggested that OSCC cells secreted high 
amounts of VEGF. Correlations between VEGF expression 
in TN and TS and the tumor classification, lymph node 
metastasis, and tumor–node-metastasis (TNM) stage are 
shown in Supplementary Table 1. The VEGF-positive rate 
(32.2%) in TNM stages I and II was significantly lower than 
that in TNM stages III and IV (67.8%, P < 0.05).

Because the number of mo-MDSCs was increased 
in the peripheral blood of OSCC patients, we also 
examined the infiltration of monocyte s in tumor and 
NT compartments. The vast majority of CD14+ cells 
had infiltrated into tumor compartments, especially TS 
compartments (Figure 2C), and the CD14+ cell number 
in tumor compartments was higher than that in NT 
compartments (Figure 2D, P < 0.0001). The infiltrating 
CD14+ cell number in TS was higher in patients with 
moderately to poorly differentiated tumors than that in 
those with well-differentiated tumors (Table 1, P < 0.05).

VEGF expression in tumor compartments is 
correlated with activation of STAT3 in TS and 
TN compartments

Next, we investigated the correlation between 
VEGF secreted by OSCC tumor cells and STAT3 
activation in tumor compartments (n = 79). Expression 
and activation of STAT3 were evaluated in OSCC tumor 
cells and infiltrating leukocytes. STAT3 expression and 
activation were significantly higher in tumor than NT 
compartments (Figure 2E and 2G),which was, however, no 
difference between TN and TS compartments (Figure 2F 
and 2H). Moreover, there were no significant correlation 
between its expression and in terms of gender, age, tumor 
differentiation, clinical stage, smoking, inflammation, 
and lymphnode metastasis (P > 0.05, Supplementary 
Table 2). A higher level of p-STAT3 in TN was correlated 
with tumor differentiation (P = 0.05), and that in TS 
was correlated with leukocyte infiltration (P = 0.025, 
Supplementary Table 3).

To examine the associations between VEGF,STAT3, 
and p-STAT3 in TN or TS compartments(n = 79), unvariable 
analysis were performed on the IHC results. There was no 
significant difference between VEGF and STAT3 expression 
in TN and TS (P > 0.05) (Supplementary Table 3). 
However, there were significant correlation between VEGF 
expression in TN and p-STAT3 expression in TN and TS 

(P = 0.03 and P = 0.02, respectively), suggesting that VEGF 
was positively associated with STAT3 activation in stroma 
(Table 2).

VEGF inhibits the differentiation of monocytes 
into DCs and increases the proportion of mo-
MDSCs in OSCC by activating STAT3

Because of the high number of infiltrating 
CD14+mo-MDSCsand high expression of VEGF in 
blood and tumor compartments, we hypothesized that 
VEGF may participate in the differentiation of monocytes 
in OSCC. Therefore, we examined the influence and 
mechanism of VEGF in OSCC on the dysdifferentiation 
of monocytes into DCs or mo-MDSCs. 

To clarify the effects of VEGF in OSCC on the 
differentiation of monocytes, surface markers of DCs 
and mo-MDSCs were detected at day 5. We found that 
the proportions of CD11a+,CD40+, CD80+, CD86+ and 
HLA-DR+ cells were decreased significantly among cells 
treated with TSN but the proportion of CD14+HLA-DR low/-

mo-MDSCs was increased significantly, suggesting that 
TSN promoted monocyte differentiation into mo-MDSCs 
but not DCs (Figure 3A). However, inhibition of VEGF 
by Avastin significantly increased the proportions of 
CD11a+,CD40+, CD80+, CD86+ and HLA-DR+ cells, while 
that of CD14+HLA-DRlow/-mo-MDSCs was decreased 
significantly, suggesting that VEGF inhibition could 
rescue the dysdifferentiation of monocytes (Figure 3A). 
To further clarify the mechanism of VEGF in TSN on 
the differentiation of monocytes, AG490 was added 
in the TSN to block activation of the JAK pathway. 
Addition of AG490 to TSN resulted in significantly 
increased expression of DC surface markers, such as 
CD1a, CD40, CD80, CD86 and HLA-DR, but the 
proportions of CD14+HLA-DRlow/-mo-MDSCs were 
decreased significantly (Figure3A. Western blotting 
also demonstrated that TSN promoted the activation of 
JAK and STAT3,whereasAvastin and AG490 effectively 
inhibited activation of JAK and STAT3 (Figure 3B).

VEGF secreted by OSCC promotes the 
migration of monocytes in OSCC 

Next, we determined whether VEGF promoted 
the migration of monocytes and differentiation of mo-
MDSC in the OSCC microenvironment by performing 
chemotaxis assays. The level of VEGF in TSN was 
confirmed to be higher than that in normal epithelial 
cell  HaCaT (Supplementary Figure 3).To confirm that 
VEGF was a major factor contributing to DC migration, 
cells were treated with TSN and Avastin. After 3 h, the 
number of cells treated with TSN in the lower chambers 
was significantly higher compared with the control 
(Figure 3C). However, inhibition of VEGF by Avastin 
significantly decreased the number of cells in the lower 
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chambers, suggesting that VEGF promotes the migration 
of DCs in OSCC (Figure 3C). Of note, blocking STAT3 
activation by AG490 significantly decreased the number 
of cells, indicating that VEGF promotes DC migration in 
OSCC by STAT3 activation. 

DISCUSSION

Monocytes are the major precursor of DCs in 
humans, which are dysfunctional in cancer patients. 
VEGF is over-expressed in tumor cells, but the effects 
of VEGF on the dysdifferentiation of monocytes have 
been poorly known in OSCC patients. In this study, we 

found that the numbers of monocytes were decreased 
significantly in postoperative peripheral blood compared 
with preoperative blood. Notably, the frequency of 
CD14+HLA-DRlow/- MDSCs was increased significantly in 
OSCC patients, which was decreased postoperatively. In 
tumor sites, VEGF expression in TN was associated with 
activation of STAT3 in TN and TS compartments. In vitro, 
wealso showed that VEGF inhibited the differentiation 
of monocytes into functional DCs but promoted the 
differentiation to immunosuppressive mo-MDSCs by 
activation of STAT3. We also found that VEGF promoted 
the migration of monocytes by activating STAT3. 

Figure 2: Expression of VEGF, STAT3, and p-STAT3 and the number of CD14+ mo-MDSCs are elevated in tumor 
compartments including TS and TN (n = 79). (A and B) VEGF expression was lower in the NT than tumor compartments and 
significantly higher in TN than TS compartments (P < 0.001). (C and D) The number of CD14+ cells was higher in tumor than non-tumor 
compartments (P < 0.001), indicating that the majority of CD14+ cells had infiltrated into tumor compartments, especially in the TS 
compartment. (E–H) Immunohistochemical staining patterns of STAT3 and p-STAT3 in NT and tumor compartments including TN and 
TS. STAT3 expression and activation were significantly higher in tumor than NT compartments, but there was no difference between 
TN and TS compartments. Data are shown as the means ± SEM. Statistical significance was assessed by the Mann–Whitney U-test. 
*P < 0.05;**P < 0.01;***P < 0.001; ns: no significant difference.
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Under physiological conditions, monocytes could 
differentiate into immatureDCs [26]. Furthermore, tumor 
cells can affect distant sites, such as the bone marrow and 
spleen, by releasing soluble factors that drive accumulation 
of myeloid cells. Therefore, we inferred that monocytes 
must be ‘educated’ in tumors and its differentiation also 
must be ‘educated’. The number and distribution of 
monocytes in peripheral blood and tumor sites have not 
been characterized in OSCC patients. In this study, we 
found that the numbers of monocytes in OSCC patients 
was elevated slightly, but was decreased significantly 
in postoperative peripheral blood when compared with 
preoperative samples and controls. Recently, it has been 
shown that monocyte prevalence in peripheral blood 
inversely correlates with survival [27]. 

MDSCs are immature myeloid cells and contribute 
to negative regulation of immune responses in cancer 
[28, 29]. Tumor cells secrete numerous factors, such as 
VEGF, transforming growth factor-beta, and prostaglandin 
E2 (PGE2), which perturb the myeloid compartment and 
function. Our previous study showed that a decrease in 
the proportion of CD83+ mature DCs in OSCC [19]. In 
this study, we found that the frequency of CD14+HLA-
DRlow/-mo-MDSCs was increased significantly in OSCC 
patients and was decreased significantly in postoperative 

peripheral blood, suggesting that certain factors secreted 
by OSCC cells may contribute to the dysdifferentiation of 
myeloid cells. Lechner et al. showed that GM-CSF, IL-6, 
PGE2, tumor necrosis factor-α,and VEGF induce human 
CD33+ monocytes with a potent suppressive capacity 
in vitro and suppressive CD33+ cells from PBMCs, which 
are consistent with human MDSCs [30]. Hoechst et al.
demonstrated that mo-MDSCs induce CD4+CD25+Foxp3+ 
regulatory T cells (Tregs) in vitro. Thus, it is possible that 
the increased number of MDSCs in part contribute to the 
increased number of Tregs in OSCC patients. 

Tumor-infiltrating DCs have an immature 
phenotype, while DCs in surrounding stromal tissue 
adopt a more mature phenotype [31], indicating that 
certain factors secreted by tumor cells influence the 
maturation of DCs. Therefore, it is important to identify 
the micro-localization of certain factors in OSCC tumors, 
including in TN and TS compartments. We found that 
VEGF expression was much stronger in TN than in TS, 
suggesting that VEGF may participate in the abnormal 
differentiation of myeloid cells in OSCC. There is an 
inverse correlation between VEGF expression and DCs in 
peripheral blood [19], and VEGF inhibits the maturation 
of DCs in vitro [32]. In this study, we found that VEGF 
expression in TN, but not in TS, was correlated with 

Table 1: Correlations between tumor-infi ltrating CD14+ MDSCs in TN and TS and the clinicopathologic features in 
OSCC patients

Patients and tumor characteristics N
CD14+ in TN

P
CD14+ in TS

P
(mean ± s) (mean ± s)

Sex
Male 38 28.63 ± 2.06 0.93 39.94 ± 1.865 0.66
Female 41 28.89 ± 2.006 41.13 ± 1.7793

Age
<60 46 31.47 ± 1.894 0.02 39.53 ± 1.608 0.28
≥60 33 24.4 ± 2.018 42.47 ± 2.192

Smoking
No 54 28.86 ± 2.724 0.97 38.95 ± 2.264 0.44
Yes 25 28.76 ± 1.721 41.26 ± 1.574

Stage
Ⅰ–Ⅱ 45 29.56 ± 1.893 0.51 39.71 ± 1.668 0.37
Ⅲ–Ⅳ 34 27.58 ± 1.721 42.1 ± 2.083

Tumor differentiation
Well 32 30.82 ± 2.158 0.18 37.29 ± 2.062 0.04
Medium to poor 47 26.9 ± 1.922 43.95 ± 1.569

Lymph node metastasis
No 52 29.93 ± 1.693 0.16 40.57 ± 1.489 0.92
Yes 27 25.16 ± 2.668 40.89 ± 2.743

Abbreviations: TN, tumor nest; TS, tumor stroma.
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Table 2: Pearson’s correlation coeffi cients among VEGF, STAT3 and p-STAT3 expression in TN, TS and NT
P/R2 STAT3 TN STAT3 TS STAT3 NT p-STAT3 TN p-STAT3 TS p-STAT3 NT
VEGF
  TN 0.38/0.228 0.83/0.103 0.45/0.234 0.02/0.398 0.03/0.421 0.91/0.089

VEGF
  TS 0.37/0.277 0.54/0.165 0.76/0.194 0.35/0.253 0.35/0.307 0.61/0.106

VEGF 
  NT 0.270.221 0.38/0.289 0.25/0.357 0.93/0.046 0.16/0.321 0.2/0.205

For abberavate: TN: Tumorr nest, TS: Tumor stroma, NT: normal epthelial tissues.

Figure 3: EGF in TSN inhibits the differentiation of monocytes into DCs and increases the proportion of mo-MDSCs 
in OSCC. (A) Expression of CD1a, CD40, CD80, CD86, and HLA-DR was decreased significantly and the proportion of CD14+HLA-
DRlow/– mo-MDSCs was increased. (B) Western blotting indicated that TSN promoted the activation of JAK and STAT3, whereas Avastin 
and AG490 effectively inhibited activation of JAK and STAT3. Quantification of the western blot was performed. (C) The migratory ability 
of cells treated with TSN was significantly higher than that of the control. However, blocking VEGF with Avastin or STAT3 activation 
with AG490 significantly decreased the migratory ability of these cells. Data are shown as the means ± SEM. Statistical significance was 
assessed by the Mann–Whitney U-test. *P < 0.05; **P < 0.01; ns: no significant difference.
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the TNM stage, suggesting that VEGF promoted the 
proliferation of OSCC cells and CD14+monocytes in TS, 
but not in TN, which was correlated with the TNM stage of 
OSCC. These results suggested that VEGF expression and 
the numbers of CD14+monocytes and CD14+HLA-DR-/low 

mo-MDSCs in OSCC were abnormal and VEGF may 
influence the migration and differentiation of monocytes. 

In our previous study, we demonstrated that VEGF 
inhibits the maturation of DCs in OSCC in vitro [32]. 
However, the influence and mechanism of VEGF in 
the differentiation of DCs were unknown. Recently, the 
monoclonal antibody bevacizumab has been associated 
with favorable outcomes of patients with head and neck 
squamous cell carcinoma [33–35]. Blockade of STAT3 
signaling in DCs inhibits functional maturation and 
decreases the number of immature CD11c+ MHC class IIlow 
CD86low DCs [36]. These findings were confirmed in a 
study that blocking STAT3 signaling in DCs neutralized 
the inhibitory effects of the tumor cells on DC maturation 
[37]. Stat3 activation in tumor cells has been associated 
with cytokine-induced proliferation, anti-apoptosis, and 
transformation and constitutively activated Stat3 has 
been found in many human tumors including HNSCC 
[38]. It exhibits its pro-transcription effects in response 
to signals from upstream receptors including the IL-6 
cytokine receptor family, growth factor receptors. Aberrant 
regulation of STAT3 in HNSCC underlies malignant 
behaviors, contributing to growth, survival [39]. Aberrant 
STAT3 signaling in tumor is also immunosuppressive, 
protecting HNSCC cells from recognition and lysis by 
cytotoxic T lymphocytes [23]. In OSCC patients we 
found the expression of STAT3 was also increased in 
TN and TS as compared to NT indicating some factors 
derived from tumor cells and other cell types in the tumor 
microenvironment activate the transduction and activation 
of STAT3. 

Another study showed that tumor-derived factors 
induce STAT3 signaling in immature myeloid cells, 
thereby preventing them from differentiating into 
mature DCs. We found that VEGF and TSN decreased 
the proportions of DCs but significantly increased the 
proportion of mo-MDSCs, suggesting that VEGF inhibited 
monocyte differentiation into mo-MDSC but not DCs. 
However, blocking VEGF by Avastin or STAT3 activation 
by AG490 significantly increased the proportion of DCs 
and decreased the proportion of mo-MDSCs. These 
data suggested that inhibition of both VEGF expression 
and STAT3 activation rescued the dysdifferentiation of 
monocytes. Functional DCs must migrate into the tumor 
site to exert their function. We uncovered that the high 
numbers of monocytes and mo-MDSCs found in these 
tumors were due to increased recruitment of progenitors 
by certain factors secreted by tumors.In addition, the 
migratory ability of monocytes was inhibited by Avastin 
or AG490, suggesting that VEGF promotes the migration 
of DCs in OSCC by activating STAT3. The accumulation 

of myeloid cells, an important immunosuppressive 
population in the tumor microenvironment, is partly due 
to STAT3 activation.

In conclusion, our study revealed a high prevalence 
of mo-MDSC in the peripheral blood and tumor sites 
of OSCC patients and VEGF in OSCC inhibited the 
differentiation of monocytes to promote the accumulation 
of MDSCs by activation of STAT3.

MATERIALS AND METHODS

Patients

Tumor samples from patients were obtained from 
Nanjing Stomatological Hospital, Nanjing University. A 
total of 330 OSCC patients and 60 controls sex-matched 
were included to analyze preoperative blood cell counts 
including lymphocytes, neutrophilic granulocytes, and 
monocytes. All of the patients diagnosed with primary 
OSCC were confirmed by hematoxylin and eosin staining 
by experienced pathologists from the Department of 
Pathology at Nanjing Stomatology Hospital. The ethical 
approval for this study was obtained from the Research 
Ethics Committee of Nanjing Stomatology Hospital.51 
OSCC patients and 16 healthy controls were included to 
assess the frequency of CD14+HLA-DRlow/- mo-MDSCs. 
Furthermore, we analyzed the frequency of mo-MDSCs 
in preoperative and postoperative peripheral blood of 
18 OSCC patients. Another 79 OSCC samples were 
collected for analysis of VEGF, CD14, STAT3 and 
p-STAT3 expressions by immunohistochemistry. All tumor 
patients had histologically confirmed OSCC and had not 
undergone chemotherapy, radiotherapy, or biotherapy. The 
patients did not have unrelated diseases such as diabetes, 
hematological disease, autoimmune diseases, or other 
malignant tumors at the time of diagnosis.

Flow cytometry (FCM) 

To analyze the frequency of CD14+HLA-DRlow/- mo-
MDSCs in the peripheral blood of OSCC patients, we used 
anti-human CD14-APC and HLA-DR-FITC monoclonal 
antibodies and FCM. For analysis of the effect of VEGF 
on monocytes, we used monoclonal antibodies against 
the following antigens: CD40-PE, CD80-FITC, CD86-
FITC, HLA-DR-PE, and CD1a-PE. All antibodies were 
purchased from EBioscience.The Fc-R block (Human 
BD Fc Block™) was used. A total of 10,000 events 
were collected using a FACSCalibur (BD Biosciences, 
USA).Data were analyzed with Cell Quest software (BD 
Biosciences).

Cell culture

The human tumor cell line  HSC-3 was cultured 
in Dulbecco’s modified Eagle’s medium with 10% fetal 
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bovine serum (FBS) at 37° C in a humidified atmosphere 
with 5% CO2. The tumor cell culture supernatant (TSN) 
was harvested and stored at −20° C. 

Immunohistochemical analysis

Formalin-fixed, paraffin-embedded sections of 
OSCC samples were deparaffinized in xylene and then 
rehydrated in graded ethanol concentrations. Endogenous 
peroxidase was blocked with 0.3% hydrogen peroxide/
methanol for 10 min at room. Antigen retrieval was 
performed by immersing the sections in citrate-buffered 
solution (pH 6.0) and heating in a microwave for 20 min. 
The sections (n = 79)were allowed to cool for 40 min 
and then incubated with diluted anti-VEGF (1:200, 
Zhongshanjinqiao) -CD14 (1:200, Nowa), -STAT3 
(1:200, Cell Signaling Technology) or -p-STAT3 (1:200; 
Cell Signaling Technology) antibodies overnight in a 
humidified box at 4° C. Nuclei were counterstained with 
hematoxylin. Two independent observers quantitatively 
evaluated VEGF, CD14, STAT3 and p-STAT3 expression 
by analyzing the cells of each specimen in high-power 
fields (40× objective). The observers examined each 
sample in duplicate in different areas of the same 
tumor in a blinded fashion. The scores of VEGF and 
STAT3 expression were calculated by the product of 
the percentage of positive cells (0, 0% positive cells; 1, 
<25% positive cells; 2, 26–50% positive cells; 3, 51–75% 
positive cells; 4, >75%) and the staining intensity (0, 
negative; 1, weak; 2, moderate; 3, high). To quantitatively 
evaluate CD14- and p-STAT3-positive cell infiltration, the 
number of positive cells was counted by NIS-Elements 
software (Nikon). 

Isolation of human monocytes 

Peripheral blood mononuclear cells (PBMCs) were 
isolated from human blood using Ficoll/Hypaque (density 
1.077 g/ml, Shanghai Shisheng Cytobiotechnological 
Corp, China) according to the manufacturer’s instructions. 
After the last wash, PBMCs were resuspended in RPMI 
1640 medium with 10% FBS and then seeded in a 24-
well culture plate. After 3 h of culture, the monocytes 
identified by adherent cells were isolated by removing the 
non-adherent cells in the culture supernatant. To obtain 
immature DCs, monocytes were treated with 100 ng/ml 
recombinant human granulocyte-macrophage colony-
stimulating factor (GM-CSF) and 40 ng/ml recombinant 
human interleukin (IL)-4 (Peprotech UK) for 5 days. 

Cell co-culture

Cells were treated with TSN, TSN plus 5 μg/ml 
bevacizumab (recombinant human anti-VEGF antibody, 
Avastin), or TSN plus 2.7 μg/ml beyotime (STAT3 
inhibitor, AG490) at 37° C in a humidified atmosphere 

with 5% CO2. Untreated monocytes considered as the 
control. Half of the culture medium was changed every 
2 days. After 5 days of culture, non-adherent and loosely 
adherent cells were harvested for western blotting, FCM 
analysis, and chemotaxis assays.

Western blotting

Treated cells were collected, adjusted to a 
concentration of 1 × 106/ml, and then lysed in ice-cold 
lysis buffer. For immunoblotting, samples of 40–80 μg 
proteins were subjected to 12% SDS-polyacrylamide gel 
electrophoresis and then transferred to a polyvinylidene 
difluoride membrane (Roche, Germany) by electroblotting. 
The membrane was blocked for 1 h with 5% bovine serum 
albumin in 0.1% Tween 20/ TBS-T and then probed with 
primary antibodies at a dilution of 1:2000 overnight at 
4° C. After three washes with TBS-T, the membrane 
was incubated with a horseradish peroxidase-conjugated 
secondary antibody (1:3000) for 2 h at room temperature. 
After washing, immunoreactive protein bands were detected 
by enhanced chemiluminescence. Images were acquired 
by the FluorChem FC2 System (Alpha InnotechStatistical 
Analysis, USA).

Chemotaxis assay

Chemotaxis assays were performed in 24-well 
Transwell plates with 8-μm pore polycarbonate filters. 
A total of 1 × 106 cells were transferred to the upper 
chambers, while the lower chambers contained PBS with 
1% FBS. After 3 h of incubation at 37° C, the cells that 
migrated through the filters into the lower chamber were 
collected, fixed, and counted by FCM. 

Statistical analysis 

Statistical package for social sciences version 16.0 
(SPSS Inc., Chicago, IL, USA) and the Prism statistical 
software package (version 5.0, Graphpad Software 
Inc.) were used for statistical analyses. Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to assess the 
data distribution. The Mann–Whitney U-test was used 
to compare two groups. Differences between more than 
two groupswere analyzed by the Kruskal–Wallis test. 
Statistical analysis was performed using Fisher’s exact 
test for 2 × 2 tables. Correlations of STAT3 and p-STAT3 
expression in different compartments were assessed 
by univariable analysis. Differences were considered 
statistically significant at P < 0.05. 
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