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It targets to explore the expression of Th17/Treg in oral submucous fibrosis (OSF) carcinogenesis and its
significance in the development of mucosal lesions. In this research, 100 patients with OSF who visited our
hospital for surgical treatment from March 2020 to April 2022 were selected. Based on pathological examina-
tion results, the patients were divided into 27 patients with oral leukoplakia (OK) group, 14 patients with oral
lichen planus (OLP) group, 9 patients with oral squamous cell carcinoma (OSCC) group, and 50 patients with
OSF group. It adopted flow cytometry (FC) to calculate the ratio of peripheral blood Th17 cells and Treg cells
in four groups, and the Th17/Treg ratio was calculated; The area of oral mucosal lesions (OML) from patients
was collected. It needs to compare the differences in Th17/Treg ratio and OML area among four groups and
determine the correlation between indicators. ROC curve was used to analyze the diagnostic threshold of the
Th17/Treg ratio for carcinogenesis. Except for the OK and OLP, it had statistical significance differences in
Th17, Treg cells, and Th17/Treg ratio (P<0.001); The area of OML in the OK, OLP, and OSCC was higher
than that in the simple OSF, with statistical significance (P<0.001); Th17 (%), Treg (%), and Th17/Treg all had
direct ratio with the area of OML; The area of OML has directed ratio with the development of mucosal lesions
(r>0, P<0.05); The areas under the ROC curve for patients with OSF combined with OK, OLP, or OSCC
with Th17 (%), Treg (%), Th17/Treg, and OML area were 0.560, 0.986, 0.936, and 0.466, respectively. The
expression of Th17/Treg is elevated in oral submucosal fibrosis and carcinogenesis. When mucosal lesions
progress or become cancerous, the Th17/Treg ratio increases accordingly, and it has more clinical value than

the increase in the OML area.
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Introduction

Oral submucous fibrosis (OSF) is a chronic disease,
which mainly affects the fibrous tissue under the oral mu-
cosa, leading to the stiffening and thickening of the oral
mucosa, with various degrees of mouth cracks, mouth
opening restrictions and other symptoms. In serious cases,
it can develop into oral cancer. A survey shows that 13.7%
of OSF patients are early-stage oral squamous cell carci-
noma (OSCC) patients (1). OSF is prone to progression
into OSCC patients. At present, the pathogenesis of OSF
is not fully understood, but some studies have explored
it. OSF is a potentially malignant oral disease with a high
malignant transformation rate, but its pathogenesis is still
unclear (2). Inflammatory reactions, oxidative stress, and
fibroblast proliferation under the oral mucosa are closely
related to the occurrence of OSF and the development of
mucosal lesions. From the distribution of diseases, OSF is
mainly distributed in Asia, especially in India, Bangladesh,
Pakistan and other regions, where there is a phenomenon
of long-term consumption of betel nut with high caffeine
content. This lifestyle habit is one of the main causes of
OSF. The long-term effects of stimulating substances such
as tobacco, alcohol, and betel nut can lead to inflamma-
tion and oxidative stress in the oral submucosa, thereby
promoting the proliferation and fibrosis of fibroblasts.
In addition, some genetic factors may also be related to

the occurrence of OSF and the development of mucosal
lesions (3,4). Inflammatory reactions and fibroblasts are
key factors in the conversion of OSF to OSCC. Chronic in-
flammation is the infiltration of various immune cells, in-
cluding T cells, B cells, macrophages, and dendritic cells,
into affected tissues. The balance between pro-inflamma-
tory Th17 cells and anti-inflammatory Treg cells during
inflammation has been proven to play a crucial role in the
pathogenesis of chronic inflammation-related diseases
such as autoimmune diseases, inflammatory bowel disease
and cancer. Fibroblasts are the main cells in which OSF
occurs. Arecoline can affect inflammatory cytokines pro-
duced by fibroblasts, while fibroblasts act on immune cells
Th17 cells and Treg cells to change them (5). At the same
time, OSF is often accompanied by Leukoplakia (OK),
OLP, and other fibrous changes, and it has developed into
OSCC many years later. Scholars have found that Th17/
Treg imbalance can have an impact on the occurrence and
deterioration of OSF (6). However, the role of Th17/Treg
cells in the progression of OSF to OSCC is not fully un-
derstood. Therefore, further observation and research are
needed on the Th17/Treg balance status in patients with
OSF accompanied by OK and OLP. At the same time, it is
still necessary to further determine the evaluation value of
Th17/Treg balance status for the development of mucosal
lesions. The purpose of this study is to investigate the ex-
pression of Th17/Treg in OSF and its significance for the
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development of mucosal lesions. The results are reported
as follows.

Materials and Methods

Baseline materials

In this study,100 patients with OSF who visited our
hospital for surgical treatment from March 2020 to April
2022 were selected. Inclusion criteria: (1) Meeting the
relevant diagnostic criteria for OSF in the Journal of
Oral Mucosal Diseases and confirmed by postoperative
pathological tissue examination; (2) No history of tumor
indicators such as chemotherapy or radiotherapy before
surgery; (3) Important organs such as liver and kidney
function well. Exclusion criteria: (1) Those with abnor-
mal immune or blood system functions; (2) Patients with
concurrent mucosal diseases or periodontitis at the lesion
tissue; (3) Missing medical record data or merging with
other tumor patients; (4) During the onset of infectious di-
seases. According to the pathological examination results,
patients are divided into a simple OSF group, OK group,
OLP group, and OSCC group. Among them, there are 50
cases in the simple OSF, with 28 males and 22 females;
The age is 34-48, with an average age of 40.18 £ 3.63. The
chewing time of betel nut for 1-13 years, of which 9 cases
were less than 5 years old; There were 27 cases in the OK,
including 15 males and 12 females; The age is 34-48, with
an average age of 40.48 £ 3.43. The chewing time of betel
nut is 1-14 years, of which 5 cases are less than 5 years
old; There were 14 cases in the OLP, containing 8 males
and 6 females; The age is 34-48, with an average age 40.36
+ 4.16. The chewing time of betel nut is 1-15 years, with
2 cases less than 5 years old; There were 9 cases in the
OSCC, including 5 males and 4 females; The age is 34-48
with an average age of 35.89 + 5.90. The chewing time of
betel nut is 3-17 years, with 1 case being less than 5 years
old; There has been no statistically significant difference
in gender, age, and betel nut chewing time among the four
groups of patients (P>0.05).

Research methods

Th17/Treg ratio

It needs to take Sml of fasting elbow venous blood on
the day the patient plans to operate and add Foxp3 fluores-
cent antibody 20 p L. PE-IL17 fluorescent antibody 10 p
L. The fluorescent antibodies are all provided by Thermo-
Fisher in the United States. They are kept away from light
and allowed to stand at 4°C for 30 minutes. 2ml of mem-
brane breaker is added and centrifuged using a fully auto-
matic centrifuge. The centrifugation radius is 7.5cm, and
the supernatant is discarded after centrifugation at 12001/
min. After adding 2ml of Congo red staining solution and
mixing, the percentage of Th17 cells and Treg cells are
evaluated using an FC. The FC is produced by ThermoFi-
sher in the United States, and the Congo red staining so-
lution is provided by Nanjing Shenghang Biotechnology
Co., Ltd. The Th17/Treg ratio is calculated.

Area and development of OML

OML area: A highly experienced professional doc-
tor measures the patient's OML area, taking an average
of three measurements. The patient is advised to relax as
much as possible during the measurement. First, it needs to

place sulfuric acid paper on the surface of the oral mucosa
and record the patient's lesion status. Finally, the recording
is conducted after the sulfuric acid paper is taken out and
lay it flat on a grid paper which is in lmm standard units.
Development of mucosal lesions: Patients with OK, OLP,
and OSCC are assigned values of 1, 2, and 3 respectively,
while those with simple OSF are assigned values of 0.

Statistical methods

SPSS 26.0 statistical software package is adopted
to statistically deal with the data, and the measurement
data conforming to the normal distribution is described
as x+s. Independent sample t-test or analysis of variance
is applied to group comparison, and GraphPad software
is used to draw a histogram; The counting data is repre-
sented as an example (%), and the comparison between
groups is conducted using the four grid table method ¥?
-test. Pearson correlation analysis is applied to identify the
correlation between data. ROC curve analysis is used to
evaluate the diagnostic efficacy of the Th17/Treg ratio in
the growth of OML and the correct level a= 0.05.

Results

Comparison of peripheral blood Th17 and Treg cells
among four groups of patients

After analysis of variance, it has a statistical signifi-
cance difference in Th17, Treg cells, and Th17/Treg pro-
portion in peripheral blood in the four groups (£<0.001)
(Table 1); From Figure 1, it has a statistical significance
difference (P<0.001) in the comparison among the groups
except for the OK group and the OLP group.

Table 1. Comparison of peripheral blood Th17 and Treg cells among
four groups of patients.

Group (n) Th17 (%) Treg (%) Thl7/Treg
Simple OSF group (50) 1.07£0.23 2.65+0.35 0.41+0.10
OK group (27) 1.92+0.36  4.19+1.18 0.50+0.22
OLP group (14) 3.03+0.69 5.51+0.83 0.56+0.15
OSCC group (9) 3.25+0.42 4.50+0.89 0.74+0.11
F 159.033 62.657 14.117
P <0.001 <0.001 <0.001
ET )
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Figure 1. Comparison of peripheral blood Th17/Treg cell ratios
between different groups.
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Comparison of OML area among four groups of pa-
tients

After analysis of variance, it has s statistical signifi-
cance difference in the area of OML in the four groups
(P<0.001) (Table 2); From Figure 2, the OML area of the
OK, OLP, and OSCC is higher than the simple OSF, and it
has statistical significance difference (P<0.001)

Correlation between Th17/Treg and the area and deve-
lopment of OML

Pearson correlation analysis found that Th17 (%), Treg
(%), and Th17/Treg had a direct ratio with the area of OML
which was also positively correlated with the development
of OML (>0, P<0.001) (Table 3).

ROC curve analysis results

The areas under the ROC curve for patients with OSF
combined with OK, OLP, or OSCC with Th17 (%), Treg
(%), Th17/Treg, and OML areas were 0.560, 0.986, 0.936,
and 0.466, respectively (Figure 3).

Discussion

OSF is a progressive disease caused by oral mucositis,
and its pathogenesis is complex. Long-term non-healing
of oral mucosal tissue damage can lead to debilitating
diseases, affect the quality of life, and has a higher like-
lihood of developing into malignancy. Once it develops
into precancerous lesions or cancerous transformation, it
can even lead to hearing loss (7,8). From the pathologi-
cal mechanism, OSF is featured by extreme fibrosis of the
submucosa, and angiogenesis contributes to oral mucosal
fibrosis (9). OSF is considered to have a potential pre-
malignant disease, accompanied by trace element disor-
ders and genetic susceptibility (10). Clinicians must make
judgments based on the evaluation of each case. The most
common OPMD is vitiligo, while others include lichen
planus, oral submucosal fibrosis, and erythema. Factors of
increased risk of malignant transformation include gender,
segment and lesion type, smoking and drinking habits, as
well as the presence of epithelial dysplasia on histological
examination (11). OSF belongs to non-reversible injury,
and tissue biopsy is mainly chosen as the gold standard.
However, because of the invasive nature of tissue biopsy,
it needs to explore more non-invasive and convenient dia-
gnostic methods. Changes in some biochemical indicators
during the OSF process have been discovered (12). Howe-
ver, the biochemical indicators for the progression and de-
terioration of DSF are always in the embryonic stage, and
no typical end-of-life indicators have been found.

Fibrosis is the widespread deposition of fibrous connec-
tive tissue, featured by the accumulation of collagen and
other extracellular matrix (ECM) components. As a di-
sease mainly occurring in the oral cavity, OSF has similar
pathological mechanisms to diseases such as renal inters-
titial fibrosis, myocardial infarction and systemic sclerosis
(13). Both innate and adaptive immunity are related to the
occurrence of various fibrotic diseases. A study on chronic
heart failure found that a rise in Th17 cells and a reduction
in Tregs exacerbate myocardial fibrosis and heart failure
by inducing LOX expression (14). The expression of Th17
and Treg in the blood is at high levels in patients with
OSF and OSCC, and the Th17 and Treg ratios will form
an upward direction during the progression of OSF. They

Table 2. Comparison of preoperative OML area among four groups of
patients.

Group (n) Area of OML (mm?2)
Simple OSF group (50) 38.42+6.23
OK group (27) 46.25+6.20
OLP group (14) 45.07+6.15
OSCC group (9) 42.56+5.57
F 11.635
P <0.001
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Figure 2. Comparison of OML area between different groups.
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Figure 3. ROC curves of different indicators for cancer transforma-

tion.

Table 3. Correlation between Th17/Treg and the area and development
of OML.

Development of

Index Area of OML mucosal lesions
r P r P
Th17 (%) 0.346 <0.001 0.860 <0.001
Treg (%) 0.359 <0.001 0.631 <0.001
Th17/Treg 0.207 0.039 0.552 <0.001
Area of OML / / 0.294 <0.001

share a common pre-somatic cell (naive CD4 T cells) and
need a common tumor growth factor (TGF)- B signal to
begin differentiation (15). Thl7-derived pro-inflammato-
ry factors, containing IL-17A, IL-17F, IL-21, IL-22, and
IL-26, are important in the pathogenesis of these diseases
(16). Th17 cells have a unique ability to adapt to local
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molecular signals to promote or inhibit inflammation (17).
There is a clear correlation between Th17, Th17/Treg, and
OSF.

The results of this study indicated that it has statisti-
cal significance differences in Th17, Treg cells, and Th17/
Treg ratio among the groups except for the OK and OLP
(P<0.001); They were equivalent between the OK and the
OLP but showed higher levels in the OSCC. The reason
for this is that the oral mucosa belongs to the barrier tis-
sue of the oral cavity, which is an important portal tissue
that connects the body with microorganisms, food, and air
particles, and is connected to the esophagus, trachea, and
gastrointestinal tract, with mucosal immune characteris-
tics. IL-17/Th17 is crucial for the protective immune and
inflammatory responses of the oral mucosa (18). An ani-
mal experiment on periodontitis found that the local proli-
feration characteristics of Th17 cells in periodontitis mice
were different from those of steady-state mouse oral Th17
cell proliferation in vivo. The dilation of Th17 cells in
periodontitis mice more relied on the local flora disorder,
and interleukin-6 and interleukin-23 were also involved
in this process. This experiment also found a relationship
between genetic defects in Th17 cell differentiation and
periodontitis. Meanwhile, Th17 cell defects were associa-
ted with periodontitis and bone loss. Th17 cells had unique
functions in the occurrence and development of oral im-
munity and inflammation, and have become a new target
for the therapy of periodontitis (19). Periodontitis and oral
mucosal fibrosis are both related to the health of the oral
mucosa, and periodontitis is an early stage of oral mucosal
fibrosis. With the local inflammation of periodontitis and
the emergence of pathogens, there will be an imbalance
between the ecology and immunity in the oral cavity, re-
sulting in a rise in Th17 production (20).

At the same time, the OML area of the OK, OLP, and
OSCC was bigger than that of the simple OSF, with sta-
tistical significance (P<0.001). Compared with simple
OSF, patients with OK, OLP, and OSCC had a larger area
of OML. When OK occurred in the oral cavity, Candida
albicans, a pathogen, could invade the oral epithelium,
resulting in tissue lesions, and releasing inflammatory
mediators. These cytokines produce Th17 cell differen-
tiation and IL-17 and/or IL-22 mediated production of
antifungal protective immune inflammatory responses in
infected mucosa (21). The oral immune system includes
various antigen-presenting cells, containing Langerhans
cells, myeloid and plasma cell-like dendritic cells, which
are located in the mucosa along the lamina propria and
the upper and subcutaneous tissues of the mucosa respec-
tively. Without danger signals, all these dendritic cell sub-
sets are tolerant. Oral tissue contains a limited number of
mast cells and eosinophils, most of which are located in
the submucosal area. Thl, Th2, and Th17 cells living in
the oral cavity are distributed along the lamina propria,
which is the body's defense mechanism against infectious
pathogens (22). OLP belongs to an immune disease, where
the T cell subpopulations Th17 and Tregs cells are known
to participate in immune regulation, accompanied by ab-
normal Th17/Treg cell balance, and local immune regula-
tory dysfunction (23). Oral mucosal fibrosis’s lesion size
is directly involved in the seriousness of the disease. The
evaluation results of this study, it was not entirely based on
the area of OML to determine whether a patient had cancer
or progression of mucosal lesions. However, Th17 (%),

Treg (%), and Th17/Treg were not only related to the area
of OML, but also increased with the development of mu-
cosal lesions combined with OK, OLP, and OSCC. At the
same time, Th17 (%), Treg (%), Th17/Treg, and the area of
OML used for the ROC curve of patients with OSF com-
bined with OK, OLP, or OSCC were 0.560, 0.986, 0.936,
and 0.466, respectively. Th17, Treg, and Th17/Treg all had
a higher area under the ROC curve compared to the area of
OML. Based on the above reasons, Th17/Treg can be used
as a non-invasive and easily accessible effective identifi-
cation method for mucosal lesions and OSF disease pro-
gression. However, the clinical data obtained in this study
is relatively small, which inevitably leads to data bias. In
the future, a prospective multicenter cohort study will be
considered to remedy the shortcomings of this study.

In summary, there is an increase in the expression of
Th17/Treg in OSF and carcinogenesis. When mucosal le-
sions progress or carcinogenesis occurs, the Th17/Treg ra-
tio increases accordingly, and it is more clinically valuable
than the increase in OML area.
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