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Abstract
Background: The role of T cells in the pathogenesis of oral squamous cell carcinoma (OSCC) was clarified by examining the levels
of differentiated CD4+CD25+FOXP3+ T-regulatory cells (Treg cells) and CD4+IL17+ T helper 17 (Th17) cells in OSCC patients.

Methods: Flow cytometry was conducted to measure the proportions of Treg/Th17 cells in different sample groups to identify a
proper maker indicative of the progression and prognosis of OSCC.

Results:The results showed that a higher Treg/Th17 ratio led to poorer prognosis. Also, the proportions of both Treg cells and Th17
cells were significantly elevated in OSCC patients compared with those in the control groups, suggesting a correlation between Treg/
Th17 imbalance and the prognosis of OSCC. Furthermore, the ratios of Treg/Th17 cells in OSCC patients differed at different time
points of cancer progression. For example, stage III-IV patients showed the most evident increase in the Treg/Th17 ratio, while the
Treg/Th17 ratio in control subjects was the lowest.

Conclusions: Therefore, a higher ratio of Treg/Th17 indicated the progression of OSCC and a larger tumor size. Therefore, Treg
and Th17 imbalance was implicated in OSCC progression.

Abbreviations: APCs = antigen-presenting cells, DCs = dendritic cells, OSCC = oral squamous cell carcinoma, PBMCs =
peripheral blood mononuclear cells, Th17 = T helper 17, Tregs = T-regulatory cells.
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1. Introduction

Based on the statistics from the World Health Organization, oral
squamous cell carcinoma (OSCC) is the 8th most frequent
malignant tumor globally, with an incidence of 1/10,0000 to 10/
10,0000 that is still gradually increasing.[1] It is worthmentioning
that the mortality of OSCC in third-world countries is much
higher than that in developed countries.[2,3] Moreover, 128,000
deaths were reported in the report of GLOBOCAN 2008,
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highlighting the urgency of developing an accurate method to
evaluate the prognosis of OSCC patient.[4]

Immune system plays a critical function in the tumor micro-
environment. For example, 18 dendritic cell (DC) are critical
antigen-presenting cells (APCs) involved in T cell recruitment,
thus initiating the immune responses.[5] Grulich et al demon-
strated that immune-compromised individuals were more likely
to have malignant tumors because of impaired immune
responses.[6] Also, adequate responses generated from the
immune system in mucosa is important to prevent the invasion
of malignantly transformed cells.[7] In a previous study, the
authors compared the immune-surveillance status according to
the expression of mature and immature plasmacytoid dendritic
cell, T cell, and dendritic Langerhans cell in oral epithelial
dysplasia and OSCC. Their results displayed a significant
difference in the distribution of mature CD8 lymphocyte,
plasmacytoid dendritic cell and dendritic Langerhans cell
between the 2 groups. Furthermore, a disrupted balance in
immune responses can trigger oral cancer. For example, 13DC
are APCs located in the epithelium that can recognize tumor
antigens, thus inducing immune responses.[8]

Oral tumor cells can escape immune responses by interacting
with immune-suppressive factors Fas ligand, interleukin 10,
transforming growth factor-beta (TGF-b), and prostaglandin E2
to reduce the total count of immuno-competent cells. This
damaging capacity of immune tolerance can also be induced
by T-regulatory cells (Tregs) that are positive for CD4, CD25,
and FOXP3.[9] Several previous articles have observed an
elevated amount of circulating Tregs in hepatocellular carcinoma
and lung, breast, pancreas and prostate cancer. Besides, the
elevated incidence of above cancers may lead to poorer prognosis
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and reduced effectiveness of immunotherapy treatments.[10–14]

Furthermore, the depletion of suppressor T cells increased the
anti-tumor capability in mice.[15] Therefore, the authors
postulated that Tregs could suppress antitumor immunity by
decreasing the amount of CD8+/CD4+T cells, thus facilitating
tumor metastasis and growth.
While T-cells play important roles, the changes in other

biomarkers including Tregs can also affect cancer progression.
For example, the equilibrium between T helper 17 (Th17) and
Treg cells controls the balance of immune-regulation.[16–18]

While there has been considerable controversy regarding the
actual number of Tregs in multiple myeloma patients, such
discrepancy may be explained by differences in patient selection
and assay methodology.[19,20]

The effect of Treg/Th17 on the prognosis of OSCC in recruited
OSCC patients and control subjects was investigated in this
research.
2. Materials and methods

2.1. Human sample collection

A total of 196 OSCC patients and 138 health controls were
recruited. Based on the ratio of their Treg/Th17, the 196 OSCC
patients were divided into a high Treg/Th17 group (N= 98) and a
low Treg/Th17 group (N=98). Whole blood specimens were
collected from all participants using heparin-treated blood
collection tubes, while serum specimens were collected to analyze
the expression of various cytokines. In addition, the survival rate
of all subjects was calculated according to conventional
procedures. This study was carried out in strict compliance with
the last vision of the Declaration of Helsinki and the study
protocols were approved by the Ethics Review Board of Lanzhou
University SecondHospital. All participants have signed the form
of informed consent.
Table 1

Demographic data of the participants of this study.

Variables OSCC (N=196) Control (N=138) P-values

Age .838
<60 113 (57.6) 78 (56.5)
≥60 83 (42.4) 60 (43.5)

Gender .691
Females 108 (55.1) 73 (52.3)
Males 88 (44.9) 65 (47.7)

Smoking .944
Ever 110 (56.1) 78 (56.5)
Never 86 (43.9) 60 (43.5)

Drinking <.01
Ever 61 (31.1) 22 (15.9)
Never 135 (68.9) 116 (84.1)

OSCC= oral squamous cell carcinoma.
2.2. Assay for Treg/Th17 cells

Peripheral blood mononuclear cells (PBMCs) were harvested
from each whole blood sample and stained with an eZFluor anti-
human APC-CD25 and fluorescein isothiocyanate (FITC)-CD4
reagent (Affymetrix, eBiosciences, San Diego, CA). Subsequently,
the PBMCs were placed in a permeabilization buffer containing
rat serum, and fixed using a fixation solution. Intracellular
staining of PBMCs was carried out using PE labeled rat IgG2a
control and anti-Foxp3 antibodies (Affymetrix, eBiosciences)
following manufacturer’s instructions. In terms of the measure-
ment of Th17 cells, PBMCs were activated using Roswell Park
Memorial InstituteMedium supplemented with 10% fetal bovine
serum, 200mM L-Glutamine, and a Cell Stimulation Cocktail
(Affymetrix, eBiosciences). The activation of PBMCs was carried
out at 5%CO2 and 37°C for 4hours. Then, the activated PBMCs
were incubated with mouse IgG1K isotype control-FITC or anti-
human CD4-FITC reagents (Affymetrix, eBiosciences) before
they were permeabilized and fixed. The intracellular staining of
Th17 cells was carried out using PE labeled mouse IgG1K control
and anti-IL-17A antibodies (Affymetrix, San Diego, CA)
following kit instruction. Flow cytometry analyses were carried
out for all samples within 3hours. All flow cytometry measure-
ments were performed using a FACS Calibur flow cytometer (BD,
Franklin Lakes, NJ).
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2.3. Real-time polymerase chain reaction

Total RNA was isolated from tissues using Trizol (Invitrogen,
Carlsbad, CA). Then, reverse transcription was carried out using
a PrimeScript RT Kit (Fermentas, Maryland, NY) following
product manual. In the next step, fluorescent quantitative
polymerase chain reaction was carried out on a 7500 system
(ABI, Oyster Bay, NY) using a SYBRMasterMix (Invitrogen) per
product instruction to evaluate the expression of CD4, CD25,
FOXP3, CD4, and IL-17 in each sample.
2.4. Enzyme-linked immunosorbent assay

The expression of CD4, CD25, FOXP3, CD4, and IL-17 in
sample cells was detected by commercial enzyme-linked
immunosorbent assay kits (Thermo Fisher Scientific, Waltham,
MA) per kit instructions.
2.5. Statistical analysis

Statistical analysis was done using Prism 7.0 (GraphPad, La Jolla,
CA). All data was expressed in mean± standard deviation.
Student t tests were utilized for statistical comparison. Spearman
correlation was used to describe the Th17-Treg relationship. The
survival analysis was carried out using NCSS Statistical Analysis
Software in conjunction with a Kaplan–Meier Method (NCSS,
Kaysville, UT). The level of significance was set to 0.05.
3. Results

3.1. Patients with high Treg/Th17 ratios suffered from
poor survival

The Treg/Th17 ratio of each patient was calculated for the 196
OSCC patients recruited to the study. The demographic data of
the study subjects (OSCC subjects=196, control subjects=138)
recruited was presented in Table 1, indicating no significant
differences between OSCC subjects and control subjects.
Accordingly, the median of Treg/Th17 ratio was used as an
indicator to group the patients into a High Treg/Th17 Group
(N=98) and a Low Treg/Th17 Group (N=98). Survival rates in
these 2 groups were then calculated using the Kaplan–Meier
method. As shown in Figure 1, the low Treg/Th17 group showed
better survival compared to that shown in the high Treg/Th17
group.



Figure 1. Survival rates in the low Treg/Th17 ratio group and the high Treg/
Th17 ratio group. Th17 = T helper 17, Tregs = T-regulatory cells.

Figure 2. Proportions of CD4+CD25+FOXP3+Treg cells and CD4+IL17+Th17 ce
cells in OSCC and control groups; (B) Proportions of CD4+IL17+Th17 cells in OSC
17, Tregs = T-regulatory cells.
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3.2. Treg/Th17 imbalance was correlated with the
pathogenesis of OSCC

Whole blood samples were collected from OSCC patients (N=
196) and control subjects (N=138). Flow cytometry analysis was
then conducted to measure the levels of Treg and Th17 in the
OSCC and control groups. As shown in Figure 2A, the
proportion of CD4+CD25+FOXP3+Treg cells was significantly
higher in the OSCC group as compared with that in the control
group. Similarly, the proportion of CD4+IL17+Th17 cells was
also evidently increased in the OSCC group compared with that
in the control group (Fig. 2B). Meanwhile, we also calculated the
Treg/Th17 ratios in both OSCC and control groups. The
percentage of CD4+CD25+FOXP3+Treg cells in all CD4 + T cells
(Fig. 3A), as well as the percentage of CD4+IL17+Th17 cells in all
CD4 + T cells (Fig. 3B), was significantly higher in the OSCC
group compared with that in the control group. Similarly, the
Treg/Th17 ratio in the OSCC group was also higher than that in
lls in OSCC and control groups. (A) Proportions of CD4+CD25+FOXP3+Treg
C and control groups. OSCC = oral squamous cell carcinoma, Th17 = T helper

http://www.md-journal.com


Figure 3. Treg/Th17 ratio in OSCC and control groups (
∗
P-value< .0001 compared with Control group). (A) Ratios of CD4+CD25+FOXP3+Treg cells in all CD4 + T

cells in OSCC and control groups; (B) Ratios of CD4+IL17+Th17 cells in all CD4 + T cells in OSCC and control groups; (C) Treg/Th17 ratios in OSCC and control
groups. OSCC = oral squamous cell carcinoma. Th17 = T helper 17, Tregs = T-regulatory cells.
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the control group (Fig. 3C). The above results collectively
indicated the presence of Treg/Th17 imbalance inOSCC patients,
Figure 4. Proportions of Treg/Th17 cells and Treg/Th17 ratio among patients
at different tumor stages (

∗
P-value< .0001 compared with Control group). (A)

Proportions of CD4+CD25+FOXP3+Treg cells in stage I-II, stage III-IV and
control groups; (B) Proportions of CD4+IL17+Th17 cells in stage I-II, stage III-IV
and control groups; (C) Treg/Th17 ratios in stage I-II, stage III-IV and control
groups. OSCC = oral squamous cell carcinoma. Th17 = T helper 17, Tregs =
T-regulatory cells.
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and such imbalance might be correlated with the pathogenesis of
OSCC.

3.3. Ratios of Treg/Th17 cells among patients at different
stages of cancer

To further explore the role of Treg/Th17 ratio in the pathogenesis
of OSCC, we measured the ratios of Treg/Th17 cells among
patients at different tumor stages.We divided the 196 patients into
a stage I-II group (N=126) and a stage III-IV group (N=70),while
the control group still contained 138 subjects. As shown in
Figure 4A, the proportion of CD4+CD25+FOXP3+Treg cells in
the stage III-IV groupwas the highest,while the proportion ofCD4
+CD25+FOXP3+Treg cells in the control group was the lowest.
Similarly, the proportion of CD4+IL17+Th17 cells in the stage III-
IV group was the highest, while the proportion of CD4+IL17
+Th17 cells in the control group was the lowest (Fig. 4B). Overall,
the Treg/Th17 ratio increased from the control group to the stage
III-IV group. Similarly (Fig. 4C), the Treg/Th17 ratio was higher in
advanced tumors compared with that in early stage tumors.

3.4. Treg/Th17 ratio changed among patients with varying
tumor sizes

Meanwhile, we also used tumor size as a criterion to divide the
196 patients into a group of tumor size <2cm (N=115) and a
group of tumor size ≥2cm (N=81), while the control group still
contained 138 subjects. As shown in Figure 5, we measured the
proportions of Treg/Th17 cells as well as the Treg/Th17 ratio in
patients with early stage tumors (stage I-II). The proportion of
CD4+CD25+FOXP3+Treg cells (Fig. 5A) obviously increased in
stage I-II tumors compared with that in the controls. Moreover,
early stage tumors with a size of ≥2cm exhibited an even higher
proportion of CD4+CD25+FOXP3+Treg cells compared with
early stage tumors with a tumor size of <2cm. In addition, a
similar trend was observed for CD4+IL17+Th17 cells (Fig. 5B).
Overall, the Treg/Th17 ratio (Fig. 5C) changed in early stage
tumors with various tumor sizes. As shown in Figure 6, we also
measured the proportions of Treg/Th17 cells as well as the Treg/
Th17 ratio in patients with advanced tumors (stage III-IV). The
proportion of CD4+CD25+FOXP3+Treg cells (Fig. 6A) was
significantly increased in stage III-IV tumors compared with that
in the controls. Furthermore, the proportion of CD4+CD25
+FOXP3+Treg cells in advanced tumors with a size of<2cmwas
slightly lower than that in advanced tumors with a size of ≥2cm.
A similar trend was also observed for CD4+IL17+Th17 cells



Figure 5. Proportions of Treg/Th17 cells and Treg/Th17 ratio in early stage
(stage I-II) patients with different tumor sizes (

∗
P-value< .0001 compared with

Control group). (A) Proportion of CD4+CD25+FOXP3+Treg cells in early stage
patients with a tumor size of≥2cm and a tumor size of<2cm; (B) Proportion of
CD4+IL17+Th17 cells in early stage patients with a tumor size of ≥2cm and a
tumor size of <2cm; (C) Treg/Th17 ratio in early stage patients with a tumor
size of ≥2cm and a tumor size of <2cm. Th17 = T helper 17, Tregs = T-
regulatory cells.

Figure 6. Proportions of Treg/Th17 cells and Treg/Th17 ratio in advanced
stage (stage III-IV) patients with different tumor sizes (

∗
P-value< .0001

compared with Control group). (A) Proportion of CD4+CD25+FOXP3+Treg
cells in advance stage patients with a tumor size of ≥2cm and a tumor size of
<2cm; (B) Proportion of CD4+IL17+Th17 cells in advance stage patients with
a tumor size of≥2cm and a tumor size of<2cm; C. Treg/Th17 ratio in advance
stage patients with a tumor size of ≥2cm and a tumor size of<2cm. Th17 = T
helper 17, Tregs = T-regulatory cells.
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(Fig. 6B) and the Treg/Th17 ratio (Fig. 6C). Subsequently, we
compared the proportion of Treg/Th17 cells in patients with a
tumor size of <2cm and patients with a tumor size of ≥2cm. As
shown in Figure 7, the proportions of CD4+CD25+FOXP3+Treg
cells (Fig. 7A) and CD4+IL17+Th17 cells (Fig. 7B) were both
increased in tumors with a larger size. In addition, a similar result
was obtained in terms of the Treg/Th17 ratio. In summary, these
results demonstrated the different ratios of Treg/Th17 cells
among patients at different clinical stages, with a higher Treg/
Th17 ratio correlating with a more advanced tumor stage and a
larger tumor size.

4. Discussion

Elevated expression of specific chemokines and/or cytokines was
detected in cancer tissues or serum from patients suffering from
5

head and neck cancers, suggesting the role of cytokines in OSCC
patients.
As a type of CD4+T cells expressing RORgT transcription

factors and IL17A cytokines, Th17 cells characterized are a
minor population among peripheral blood cells. However, they
appear in significantly higher numbers at cancer sites and in the
circulation of tumor patients. One previous study has demon-
strated the correlation between an elevated number of Th17 cells
and the angiogenesis of hepatocellular carcinoma.[21] Past

http://www.md-journal.com


Figure 7. Proportions of Treg/Th17 cells and Treg/Th17 ratio in patients with
different tumor sizes (

∗
P-value< .0001 compared with Control group). (A)

Proportion of CD4+CD25+FOXP3+Treg cells in patients with a tumor size of
≥2cm and a tumor size of <2cm; (B) Proportion of CD4+IL17+Th17 cells in
patients with a tumor size of ≥2cm and a tumor size of <2cm; (C) Treg/Th17
ratio in patients with a tumor size of ≥2cm and a tumor size of<2cm. Th17= T
helper 17, Tregs = T-regulatory cells.
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literature has shown altered pattern in the conventional
classification of Th1/Th2 cytokines to contain 2 new types of
CD4+ T cells based on the profiles of their unique cytokine. These
2 types of CD4+ T cells are called Tregs and Th17 cells, which
primarily synthesis TGF-b cytokines and IL17, respectively.[22]

These cytokines then work with other molecules to form a tightly
controlled and complex network of immune responses. The
disturbance of this network can cause chronic inflammations,
uncontrolled cell growth and immune dysfunctions, which
ultimately lead to carcinogenesis. In addition, in terms of the
equilibrium between 4 types of cytokines in oral cancer patients,
increased serum expression of TGF-b1 and IL17A was detected
in oral cancer patients. However, the concentration of TGF-b1
was still much higher than that of IL17A in both groups. In this
research, we measured the Treg/Th17 ratio and survival rate in
each recruited patient to show that the low Treg/Th17 group was
associated with a better survival.
6

Different subsets of CD4+ T cells could not remain their
homeostasis during their maintenance and differentiation.[23]

Th17 and Tregs are closely related since they are originated from
the same precursor in mice, whereas their differentiation relies on
the activation of DC by microorganisms.[24] Also, these
progenitor cells can differentiate into intermediate Treg/Th17
cells, which in turn express both Foxp3 and retinoid acid related
orphan receptor.[25] Furthermore, Th17 cells and Tregs share
common homing properties (CCL20) and receptors for chemo-
kines, that is, CCR4 and CCR6.[26] Besides, the link of
differentiation between Tregs and Th17 cells in human has been
shown to involve TGF-b a factor critical for the production of
both Tregs and Th17 cells.[24] In this research, the proportions of
both CD4+CD25+FOXP3+Treg cells and CD4+IL17+Th17 cells
were significantly higher in the OSCC group. Similarly, the
percentage of CD4+CD25+FOXP3+Treg cells in all CD4+ T
cells, as well as the percentage of CD4+IL17+Th17 cells in all
CD4+ T cells, was significantly higher in the OSCC group. In
addition, the Treg/Th17 ratio in the OSCC group was also
higher. Furthermore, the proportions of Treg/Th17 cells
increased in a stepwise fashion from the control group to the
stage III-IV group, while the Treg/Th17 ratio also increased with
increasing proportions of Treg/Th17 cells.
Additionally, CD4+ T cells play a central function in immune

responses by promoting the function and expansion of CD8+T
cells as along with the induction of B cells to synthesis
antibodies.[27–29] Based on the synthesis of different types of
effector cytokines, Th cells can be divided into Th22, Th9, Th17,
Th2, Th1, and Tregs, which are derived from naive CD4+ T cells
upon interaction with APCs. In particular, Th1 cells can secrete
effector cytokines including IFN-c, while Th2 cells can secrete IL-
13, IL-5, and IL-4. On the other hand, Th1 cytokines can activate
cellular immune responses, whereas Th2 cytokines can activate
humoral immune responses. Furthermore, IL-12 and IFN-c can
activate T-bet (Tbx21) expression through STAT4 and STAT1
signaling, respectively, and, a lineage specific transcription
subsequently drive the polarization of Th1.[30,31] Similarly, IL-
4 can induce the synthesis of Th2 specific transcription factor
GATA3 by activating STAT6 and thus inducing Th2 polariza-
tion. In this research, the proportions of Treg/Th17 cells were
compared among patients with different tumor stages and
different tumor sizes. Therefore, the proportions of Treg cells and
Th17 cells significantly increased from tumors of early stages to
tumors of advanced stages, while larger tumors (≥2cm) showed
higher proportions of Treg cells and Th17 cells compared with
smaller tumors (<2cm) at the same clinical stage. Moreover, a
similar trend in the Treg/Th17 ratio was observed.
After the discovery of Th17 cells in 2005, they have been

implicated in cancer immunity.[32] However, controversial results
have been obtained so far. For example, the pro-tumor ability of
IL-17 and Th17 was verified in both animal models and
patients.[33,34] Th17 cells can uniquely synthesis IL-17 to
accelerate cancer metastasis and growth via neo-vasculariza-
tion.[35] At the same time, Th17 cells can trigger the synthesis of
TNF-a and IL-8 to attract the recruitment of neutrophils.[36,37]

However, the functions of Th17 in cancer remain elusive. A large
amount of evidence has implicated Th17 in protective immunity
against cancer by stimulating the synthesis of Th1 chemokines,
including CXCL10 and CXCL9, and by recruiting effector cells
to cancer tissues.[38] Moreover, Th17 cells can activate tumor-
specific CD8+ T cells and promote DC accumulation, thus
exerting an anticancer effect.[39]
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5. Conclusion

In conclusion, the levels of Treg/Th17 cells, as well as the Treg/
Th17 ratio, were higher in the peripheral blood of OSCC
patients. While it is known that Th17 and Treg cells are
important for immune-regulatory functions, the results of this
study showed that Treg/Th17 cells were also implicated in the
progression and prognosis of OSCC. Therefore, we can use the
Treg/Th17 ratio as a prognostic index in OSCC patients.
Furthermore, given the close relationship between Treg/Th17
cells and the pathogenesis of OSCC, the reduction in the levels of
Treg/Th17 cells may increase the efficacy of tumor immunother-
apy and improve the outcome of OSCC patients. Nevertheless,
the mechanisms underlying the roles of Treg/Th17 cells in OSCC
need to be further clarified.
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