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Evaluation of synuclein-γ levels by novel monoclonal antibody in saliva and 
cancer tissues from oral squamous cell carcinoma patients 
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The clinical value of synuclein-γ (SNCG) in oral squamous cell carcinoma (OSCC) was evaluated by detecting the expres-
sion of SNCG in saliva and tissues and its correlation with clinicopathological parameters (age, gender, ethnicity, degree 
of differentiation, clinical stage, and lymph node metastasis). Salivary samples were collected from 79 patients with OSCC, 
31 patients with oral premalignant lesions (OPMLs), such as oral lichen planus, oral leukoplakia, and erythema, and 80 
controls, and levels of SNCG in salivary samples were determined by enzyme-linked immunosorbent assay (ELISA). Tissue 
expression in formalin-fixed tissue biopsies of 94 cases of OSCC and 30 adjacent normal tissues was analyzed by immuno-
histochemistry (IHC) using an antibody against SNCG. The results showed that the salivary levels of SNCG in patients with 
OSCC and OPMLs were significantly higher than those detected in the control group (p<0.001). The immunohistochemical 
results showed that SNCG was highly expressed in tumor cells of OSCC patients, with low expression in the adjacent normal 
epithelium (p<0.001, OR=6.074). Salivary SNCG level correlated with differentiation (p=0.022). Besides, the expression of 
SNCG in OSCC tissues was also significantly associated with differentiation (p<0.001). 
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Oral squamous cell carcinoma (OSCC) is a subset of head 
and neck squamous cell carcinoma and constitutes about 
94% of all oral malignant tumors [1]. The position of this 
disease occurs in the mouth and can be found in the gingiva, 
hard palate, tongue, buccal mucosa, lips, and other oral 
locations. The incidence of OSCC is related to a variety of 
risk factors, including genetic susceptibility, environmental 
factors, lifestyle, diet and other factors, such as chewing of 
betel quid, areca nut, and their substitutes, e.g. gutka [2]. In 
addition, some oral mucosal lesions, such as oral leukoplakia, 
oral submucous fibrosis, and oral lichen planus are also 
considered as precancerous lesions of OSCC [3]. Moreover, 
long-term inflammation or mechanical damage to the oral 
mucosa, or irritation caused by long-term unhealed ulcers 
are also causes of OSCC [4]. Despite advances in therapies, 
the overall 5-year survival rate has remained unchanged 
during the past decades, mainly due to delayed diagnosis, 
underdiagnosis or misdiagnosis [5]. Hence, the data demon-
strate the importance of early diagnosis and indirectly show 
that identifying diagnostic biomarkers is extremely urgent. 

Biomarkers can be detected in serum, saliva, and tissue 
using convenient and rapid methods. Gradually, noninvasive 
methods are becoming the first choice for most biopsies, and 
it is apparent that saliva has an advantage in detecting OSCC, 
thus finding sensitive biomarkers in the saliva is attracting 
attention among scientists and doctors. Saliva and oral 
malignancies are closely related. Levels of over 100 salivary 
biomarkers for oral malignancies, including Endothelin-1, 
IL-1β, IL-8, glycoprotein M2BP (Mac-2-binding protein), 
CD59, myeloid-related protein 14 (MRP14) and matrix 
metalloproteinase (MMP)-9 have been identified as changing 
significantly in OSCC patients, but these markers exhibited a 
low value to detect OSCC [6]. Therefore, we would like to 
explore a more ideal marker for OSCC in the present study.

Currently, synuclein-γ (SNCG), found in both neurode-
generative diseases and cancer, is attracting public attention. 
It is reported that high expression of SNCG is found in most 
tumor stages, for example in breast cancer [7] and colorectal 
cancer [8]. Previous studies have shown that SNCG expres-
sion significantly stimulates the proliferation, invasion, and 
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metastasis of breast cancer cells [9]. SNCG is overexpressed 
in various tumor tissues and predicts adverse outcomes in 
breast, colon, and pancreatic cancer patients [10]. According 
to several reports, all OSCC cells show detectable SNCG 
expression at the mRNA and protein levels [11]. SNCG 
is actively secreted by cancer cells and extracellular SNCG 
promotes malignant phenotypes of cancer cells.

In this study, we analyzed SNCG expression in tissue and 
saliva samples from three groups: patients with OSCC, those 
with precancerous lesions, and healthy controls, we also 
explored the relationship between the expression of SNCG 
and OSCC diagnosis and prognosis, to evaluate whether 
SNCG could be a valuable biomarker for the diagnosis and 
prognosis in OSCC.

Materials and methods

Study population. The Ethics Committee of the First 
Affiliated Hospital of the Medical College, Shihezi University 
approved this study. All tissues, as well as salivary samples, 
were from our hospital and the First Affiliated Hospital of 
Xinjiang Medical University. 94 surgically resected speci-
mens including 30 cases of matched adjacent normal tissues 
were taken from OSCC patients who underwent surgery 
between 2010 and 2018 [12]. The diagnosis of OSCC was 
confirmed by histopathology and staging according to 
the UICC TNM classification and comprised 74 Stage I/II 
tumors and 20 Stage III/IV tumors. The presence of lymph 
node metastases was identified by histological examination. 
None of the patients received preoperative chemotherapy 
or radiotherapy and all were subjected to radical surgery. 
Salivary samples were obtained from 79 patients diagnosed 
with OSCC, 31 cases of OPMLs and 80 healthy persons 
between 2013 and 2018. Out of total 31 cases of OPML, 
48.4% (n=15) were leukoplakia followed by lichen planus 
(35.5%, n=11) and oral submucous fibrosis (16.1%, n=5). 
The controls were gender and age-matched subjects enrolled 
at the same time as the OSCC patients, controls were gener-
ally healthy individuals without any systemic disease, cancer 
or inflammatory oral disease, exclusion criteria as described 
previously [13]. Salivary samples were collected before any 
surgical procedures or chemotherapy protocols. All subjects 
were informed about the research and agreed to participate 
in the study by signing the free and informed consent form. 
Clinical data, such as sex, age, cell differentiation, tumor 
stage, lymph node metastasis, and clinical TNM stage were 
obtained from medical records.

Material collection. Saliva was collected with the 
consent of the patients. Subjects were asked to rinse out 
their mouth with water at least 5 min prior to saliva collec-
tion [13]. The collection procedure was as follows: 1 to 
2 ml of naturally-secreted saliva was obtained in a collec-
tion tube, then the sample was centrifuged at 1 000 × g for 
2 min at room temperature (RT) and the supernatant was 
transferred to a sterile sample tube and mixed with protease 

inhibitor [14]. All salivary samples were frozen at –80°C 
until the application.

Enzyme-linked immunosorbent assay (ELISA). The 
level of salivary SNCG was quantified using the ELISA and 
an SNCG standard solution was purified from MCF7-SNCG 
cells, as described [15]. A 50 μl aliquot of each saliva sample 
or 50 μl of SNCG standard solution was combined with 50 μl 
horseradish peroxidase-labeled anti-SNCG monoclonal 
antibody (MAb) no.1 (Peking University Cancer Hospital 
and Institute) in assay buffer – 10 mM phosphate-buffered 
saline (PBS), 0.1% Tween-20, and 10% fetal calf serum in 
microtiter plates coated with another anti-SNCG MAb no.42 
(Peking University Cancer Hospital and Institute) [11]. 
The plates were incubated for 3 h at RT with shaking, then 
washed and 100 μl/well of TMB substrate solution was added 
to all wells, after which the plates were kept at RT for 15 min. 
Stop solution was added at 100 μl/well to stop the enzyme 
reaction, and the absorbance was read at 450 nm using a 
spectrophotometer. The SNCG level in the sample was calcu-
lated according to the prepared standard curve.

Immunohistochemical (IHC) staining. Paraffin-
embedded tissue samples were serially sectioned at 4 μm. 
After baking at 60°C overnight, the sections were dewaxed 
and rehydrated through xylene and an alcohol series, respec-
tively. Blocking endogenous peroxidase was performed by 
incubation in 3% hydrogen peroxide for 10 min at RT. Then, 
thermal repair of the antigen was performed by microwave 
heating in EDTA. After blocking with 10% goat serum, 
the sections were incubated with anti-SNCG MAb no.1 
for 2 h at RT, tissue sections were then washed in PBS and 
incubated with secondary antibody from the Envision™ kit 
(Dako Cytomation, Cambridge, UK) for 45 min at RT. Subse-
quently, immunoreactivity was visualized with diaminoben-
zidine (Sigma-Aldrich, St. Louis, USA), and the sections 
were counterstained with hematoxylin. Normal mouse IgG 
was used as a negative control.

Evaluation of IHC staining. Staining was performed 
as described previously [16]. The number of brown-yellow 
stained granules in the cytoplasm of OSCC cells <10% was 
scored as 0, and the number of immunostained cells >10% 
was scored as 1; according to the intensity of staining, the 
cells were further divided into +, ++, +++, and scored as 1, 
2, 3, respectively. A total score <3 was categorized as SNCG 
negative by immunohistochemical staining, while a total 
score ≥ 3 was classified as SNCG positive by immunohisto-
chemical staining.

Statistical analysis. All statistical analyses were 
performed using SPSS version 20.0 (IBM, Armonk, USA), 
and all results are presented as the mean ± standard devia-
tion (SD). One-way ANOVA test was used to evaluate the 
significance of differences between groups. Associations 
between the clinicopathological characteristics of the 
patients and SNCG expression levels were analyzed using 
the chi-square test or unpaired Student’s t-test. Graphs 
were plotted using GraphPad Prism for Windows ver.5.0 
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(GraphPad Software, San Diego, USA). Receiver operator 
characteristic (ROC) curve analysis was performed, and 
the best cut-off point was determined by the Youden index, 
the best cut-off value was defined as the test result with the 
highest sensitivity and specificity and that lied closest to 
the left upper corner of the curve. The area under the curve 
presented a direct measure of the diagnostic accuracy of 
the test. For all the tests, p<0.05 was considered statistically 
significant.

Results

Expression of salivary SNCG levels in OSCC, precan-
cerous lesions, and healthy control groups. The salivary 
levels of SNCG in OSCC and OPMLs in comparison to 
control subjects are shown in Figure 1. Salivary levels of 
SNCG in OSCC patients were significantly higher than those 
in the control group (p<0.05). Additionally, salivary levels of 
SNCG in OPML patients were also significantly higher than 
those in the control group (p<0.05, OSCC; median: 1.420, 
range: 0.490–6.660, OPMLs; median: 1.293, range: 0.850–
4.750). Differences in saliva SNCG contents between OSCC 
and OPML groups were not statistically significant (p>0.05). 
Table 1 compares the SNCG contents of saliva for all study 
groups.

Association of salivary SNCG levels with clinical 
indexes. Relationships between salivary SNCG levels in 
OSCC patients and clinicopathological characteristics, 
including age, sex, ethnicity, degree of differentiation, 
clinical stage, and lymph node metastasis [17, 18], are shown 
in Table  2. Differences between salivary SNCG expression 
and degree of differentiation were statistically significant 
(p<0.05). However, differences between salivary SNCG 
content and other clinical parameters, including age, sex, 
ethnicity, clinical stage, and lymph node metastasis, were not 
statistically significant (p>0.05).

Expression of SNCG in OSCC and the adjacent normal 
tissues. We analyzed the expression of SNCG, which 
contained 94 cases of OSCC tissues and 30 cases adjacent 
normal tissues. SNCG is mainly expressed in the cytoplasm, 
which is stained brownish yellow (Figure 2). The positive rate 
of SNCG expression in adjacent normal tissues was 23.33% 
(7/30), whereas the positive rate of SNCG in OSCC tissues 
was 64.89% (61/94). Differences between these groups were 
statistically significant (p<0.05).

Expression of SNCG and analysis of clinical param-
eters. Associations of SNCG expression with clinicopatho-
logical characteristics, including age, sex, ethnicity, degree 
of differentiation, clinical stage, and lymph node metastasis, 
are shown in Table 3. Differences between SNCG expres-
sion and degree of differentiation were statistically signifi-
cant (p>0.05). Nevertheless, differences between SNCG 
expression and other clinical parameters, including age, sex, 
ethnicity, clinical stage, and lymph node metastasis were not 
statistically significant (p>0.05).

Table 1. Expression of salivary SNCG levels in OSCC, precancerous le-1. Expression of salivary SNCG levels in OSCC, precancerous le-. Expression of salivary SNCG levels in OSCC, precancerous le- Expression of salivary SNCG levels in OSCC, precancerous le-Expression of salivary SNCG levels in OSCC, precancerous le- SNCG levels in OSCC, precancerous le-levels in OSCC, precancerous le-
sions, and healthy control groups.

Variables Cases 
(n)

Mean concentration in cases 
(ng/ml) p-value

OSCC 79 2.041±1.331 0.436a

OPMLs 31 1.865±1.105 <0.001b

Control 80 0.825±0.668 <0.001c

Note: aDifference between OSCC versus OPMLs; bDifference between 
OPMLs versus control; cDifference between OSCC versus control; OSCC, 
oral squamous cell carcinoma; OPMLs, oral premalignant lesions.

Table 2. Associations between salivary SNCG levels and clinicopathologi-2. Associations between salivary SNCG levels and clinicopathologi-. Associations between salivary SNCG levels and clinicopathologi-SNCG levels and clinicopathologi- levels and clinicopathologi-
cal variables.

Variables Cases 
(n)

Mean concentration in cases 
(ng/ml) p-value

Age
<50 15 1.905±1.200

0.661a

≥50 64 2.074±1.366
Sex

Male 46 1.915±1.196
0.322a

Female 33 2.218±1.499
Ethnicity

Minority 15 2.486±1.774
0.271a

Han 64 1.937±1.198
Differentiation

Well 61 1.802±1.104
0.022a

Moderate, poor 18 2.855±1.707
Clinical stages

I+II 35 2.208±1.400
0.937a

III+IV 44 2.052±1.289
Lymph node status

Negative 34 2.029±1.329
0.941a

Positive 45 2.052±1.346

Note: aStudent's test

Figure 1. Comparison of the salivary SNCG levels between OSCC, pre-
cancerous lesions, and healthy control groups. Each dot represents the 
SNCG level of each individual subject and the horizontal line represents 
mean value. The statistical significance is shown: ***p<0.0001.
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Diagnostic utility of salivary SNCG. To assess the efficacy 
of SNCG as potential biomarkers for early diagnosis of 
OSCC, we performed ROC curve analysis (Figure 3). Based 
on the distribution of sensitivities and specificities, we chose 
cut-off thresholds for detecting OSCC. ROC curve analyses 
revealed that at a cut-off value of 0.8124 ng/ml, the salivary 
SNCG showed a sensitivity and specificity of 97.5% and 
68.7%, therefore, cases exceeding this value were diagnosed 
as OSCC. The area under the ROC curves for salivary SNCG 
was 0.865 (95%CI: 0.808–0.923).

Discussion

Salivary biomarkers such as TNF-α, MMP-9, IL-1β, and 
IL-8 are involved in many physiological and pathological 
processes of the human body, such as growth, apoptosis, and 

Figure 2. Representative immunohistochemical staining of the SNCG expression in OSCC tissues. A) 20× and C) 400× staining of a negative sample. 
B) 20× and D) 400× staining of a positive sample. Arrows point to the magnified area.

Figure 3. ROC curve of SNCG expression. The area under the curve is 
0.865 (95% CI: 0.808–0.923, p<0.001), which indicates that SNCG over-
expression in the initial stage has diagnostic value in OSCC.
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metastasis of cancer cells; they are, therefore, potential targets 
in the OSCC diagnosis and biotherapy [6, 11]. ELISA-based 
techniques as a population-screening tool are the most cost-
effective methods for early diagnosis of OSCC [19]. Saliva 
is composed of organic and inorganic components, desqua-
mated epithelial cells, proteases, and molecules secreted and 
released by cancer cells. Saliva is abundant and can be easily 
collected. With the improvement of laboratory techniques, 
saliva omics has become an effective modality for the preven-
tion, diagnosis, and treatment of oral diseases [11, 15, 19–22]. 
Furthermore, the detection of salivary markers is innova-
tive, painless, and cost-efficient. With the development of 
personal prognosis and targeted drug therapy, it might be a 
potential way to increase the survival rate of OSCC patients.

Synuclein-γ is a member of the synuclein family (α, β, and 
γ) that is associated mainly with cancer and neurodegen-
erative diseases such as Parkinson’s disease and Alzheimer’s 
disease [22]. Abnormal expression of SNCG has been associ-
ated with a wide range of human cancers such as cancer of 
the breast, ovary, cervix, prostate, colon, bladder, liver, lung, 
stomach, and endometrium and other solid organs [23–24]. 
In breast tumors, SNCG is highly expressed in advanced 
stages and appears early in patients with high-risk features, 
as well as in ovarian cancers. Hypomethylation of CpG 
islands in the SNCG gene is responsible for aberrant SNCG 
expression [25–28]. In prostate cancer, the abundant expres-
sion of SNCG is associated with peripheral and lymph node 
invasion [29]. These findings indicate that SNCG expression 
may play a role in the severity of disease and can be a poten-
tial unfavorable marker for aggressive disease.

In this study, IHC analysis of SNCG expression was 
conducted using 94 OSCC tissues and 30 samples of tissues 
adjacent to oral tumor specimens. We correlated SNCG 
with clinicopathological factors and found that the SNCG 
expression was positively related to differentiation of OSCC, 
whereas medium and low degrees of cell differentiation 
were associated with higher SNCG expression. Schaal et al. 
reported that in endometrial cancer, the detection of intra-
cellular SNCG protein revealed that the strongest staining 
pattern became apparent in poorly differentiated grade 3 
tumors. Moderate SNCG protein expression was found in 
grade 2 tumors, while no protein signal could be detected in 
low-grade EC tumor samples [32].

The expression level of SNCG is related to many factors 
including differences in genetic status, invasiveness and 
prognosis, environment, and resistance to radiation or 
chemotherapy [19]. A previous study reported that the 
transcription factor Twist1 upregulates SNCG expression 
through E-boxes in the SNCG promoter in cancer cells [30]. 
High CA-125 expression was also marginally associated with 
SNCG expression [31]. Furthermore, hypoxia and acidosis 
also triggered an increase in nuclear and cytoplasmic SNCG 
protein levels [32].

Our results suggested that salivary SNCG levels in OSCC 
were associated with the degree of differentiation. In ovarian 

cancer, SNCG expression has a significant association 
with high-risk clinicopathological factors, such as serous 
histology, high-grade disease, advanced stage, and subop-
timal debulking surgery [26]. In peritoneal cancer, SNCG 
overexpression is more common in high-grade tumors 
(73%) than in low-grade tumors (47%, p=0.01) [28]. In 
breast tumors, tumor size, lymph node metastasis, TNM 
stage, and SNCG expression are significantly associated with 
overall survival in patients who have received radiotherapy 
[31]. These associations reveal that SNCG may be a high-risk 
disease indicator and may play a role in the pathogenesis of 
disease progression. Furthermore, the prognostic value could 
be included in further study as some researches showed that 
there is a probable correlation between SNCG and cancer 
prognosis [7, 10]. Interestingly, although the SNCG gene 
does not have a signal peptide, suggesting it is not a secreted 
protein, a secreted form of SNCG can be detected in saliva 
samples from patients with malignant tumors. The poten-
tial application of salivary levels of SNCG for diagnosis and 
prognosis of OSCC warrants further investigation.

In summary, this is the first time to evaluate the value 
of SNCG expression in the diagnosis of OSCC, to the best 
of our knowledge. Our study has demonstrated that SNCG 
is a potential biomarker for the diagnosis of OSCC, and 
early detection of changes in this protein may be useful for 
promoting the early detection and early treatment of oral 
malignant cancer.

Table 3. Immunohistochemical SNCG expression and its association with 
clinicopathological variables.

Variables Cases 
(n)

SNCG expression
a χ 2 p-value

Positive (%) Negative (%)
Ages
<50 31 17 14

2.053 0.152
≥50 63 44 19
Sex
Male 71 48 23

0.937 0.333
Female 23 13 10
Differentiation
Well 45 21 24

12.589 <0.001
Moderate, poor 49 40 9
Clinical stages
I+II 74 46 28

1.139 0.429
III+IV 20 15 5
Tumour stage 
T1+T2 82 52 30

0.617 0.432
T3+T4 12 9 3
Lymph node status
Negative 28 21 7

1.788 0.181
Positive 66 40 26

Note: aχ2 = Chi square
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