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ABSTRACT 

Objective: The aim of the present study was to determine and compare the expression pattern and 
localization of nestin, in an attempt to explore its role in oral carcinogenesis. 

Methods: Western blot and immunohistochemistry analysis were performed to study the expression 
pattern of nestin in normal mucosa, leukoplakia, and oral squamous cell carcinoma samples. Nestin expres-
sion was evaluated in the keratinocytes and blood vessels of all the samples and compared with various 
clinico-pathological parameters. 

Results: Nestin expression was increased in samples of leukoplakia and oral squamous cell carcinoma 
when compared with normal mucosa. Among leukoplakia samples, the expression was increased in cases 
without dysplasia compared to cases with dysplastic features. In cases of oral squamous cell carcinoma, the 
expression of nestin was found to be decreased with the loss of differentiation. Neoangiogenesis status 
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determined by nestin expression showed an increasing expression from normal mucosa through leuko-
plakia, to oral squamous cell carcinoma.  

Conclusion: This study has two major findings: (1) identification of nestin as an effective indicator of neo-
angiogenesis, and (2) nestin may be used as a marker in predicting the early changes in oral carcinogenesis. 

KEY WORDS: Biomarker, carcinoma, keratinocytes, leukoplakia, neoangiogenesis, nestin 

 

INTRODUCTION 

The incidence of oral cancer worldwide is around 
500,000 new cases every year, accounting for 
approximately 3% of all malignancies, thus creating 
a significant health problem.1 The scenario is worsen-
ing with the 5-year survival rates dropping to 50%, 
persistent treatment failures, and frequent relapse/ 
recurrence with exceptionally high morbidity and 
mortality rates.2 High oral cancer mortality rates are 
largely attributed to late-stage diagnosis.3 

Oral potentially malignant disorders (PMD) are 
clinically significant because a majority of oral squa-
mous cell carcinomas (OSCC) develop from these 
lesions.4 Oral leukoplakia is the most common PMD, 
and studies have shown that 17%–25% of oral leuko-
plakia lesions contain oral epithelial dysplasia, and 
about 8% progress to OSCC.5,6 Presently, there are 
no molecular markers available which enable us to 
distinguish lesions that may progress to OSCC from 
those that do not. 

Recently, a great deal of attention has been direct-
ed at studying the cancer stem cell (CSC) population 
in tumors, which is thought to be the “roots of can-
cer.” Experimental evidence supports the cancer stem 
cells model in OSCC, which has spurred intense 
support in its clinical utility and has emerged as a 
new conceptual framework for OSCC treatment. The 
identification of this highly tumorigenic cell popu-
lation could contribute to the development of novel 
therapeutic strategies and thus help mitigate the 
morbidity and mortality associated with cancer.7,8 

Nestin is a class VI intermediate filament (IF) 
originally described as a neuronal stem cell marker 
during central nervous system development. It is 
also expressed in non-neuronal embryonic cells of 
skeletal muscle, heart, testis, pancreas, tooth bud, 
skin, hair follicle, and blood vessels.9 Cellular differ-
entiation downregulates nestin expression which, in 
turn, is replaced by tissue-specific intermediate fila-
ments. Brief expression of nestin at a very specific 
time and location suggests that nestin has a specific 
function in allowing cells to transition through these 
processes.10 Interestingly, nestin is re-expressed 

during pathological conditions such as in injury and 
regenerating tissues. Furthermore, nestin expres-
sion has also been reported in a wide array of tu-
mors including breast cancer, lung cancer, glioma, 
melanoma, and pancreatic cancer. Increased expres-
sion of nestin is reported to correlate with aggressive 
growth, metastasis, and poor prognosis in many 
human tumors.11–16 

Numerous studies have shown that nestin is 
known to contribute to the disassembly of vimentin 
during mitosis,17 inactivate cyclin-dependent kinase 
5,18 and modulate mitosis-associated cytoplasmic 
reorganization during mitosis by CDC2 kinase.19  

Nestin has also been implicated in angiogenesis, 
as evidenced by the observation of nestin expression 
in newly formed vessels but not in mature vascula-
ture in various tumors. Accurate estimation of micro-
vascular density (MVD) using nestin in tumors has 
revealed a strong relationship between tumor ves-
sels and clinical outcome. These findings suggest 
that nestin is an effective marker for tumor angiogen-
esis and vascular formation in metastatic tumors.20 

Many studies have evaluated the implication of 
nestin in human cancers and proved it to be a reli-
able biomarker. However, the exact role of this pro-
tein in OSCC is still uncertain. Hence, the present 
study was undertaken to evaluate the expression of 
nestin in the neoplastic progression of oral epitheli-
um and to determine its role in the tumorigenesis of 
OSCC. 

MATERIALS AND METHODS 

Samples 

Eight each of fresh OSCC and normal oral mucosa 
(NOM) samples were used for western blot analysis. 
An independent set of 10 NOM, 26 leukoplakia (leu-
koplakia samples without dysplasia, n=10; with mild/ 
moderate dysplasia, n=10; with severe dysplasia, 
n=6), and 30 OSCC (well differentiated OSCC, n=10; 
moderately differentiated OSCC, n=10; poorly dif-
ferentiated OSCC, n=10) samples were used for 
immunohistochemical analysis. All OSCC presented 
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with primary tumor and had not undergone chemo-
therapy or radiotherapy before surgery. Ten NOM 
samples were gingival tissues harvested from pa-
tients undergoing prophylactic orthodontic surgery. 
The tissue samples and clinical data were obtained 
from the records of Rajah Muthiah Dental College & 
Hospital, Annamalai University. The study was ap-
proved by the Institutional Human Ethics Commit-
tee, Annamalai University, India (IHEC/0180/2016). 

Western Blot Analysis 

The tissue samples were minced and, to 5 mg of 
tissue, 300 μL of lysis buffer was added and homog-
enized in radio immunoprecipitation assay buffer in 
an electric homogenizer. Then 1.5 mL of the homog-
enate was transferred to centrifuge tubes and centri-
fuged (12,000 rpm for 15 minutes at 4C), reduced, 
and denatured. Extracts were subjected to 12% 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, which was run at 80 V for 1 hour. 
After electrophoresis, the proteins were electro-
blotted to a polyvinylidene difluoride (PVDF) 
membrane by using 120 mA for 1 hour. Non-specific 
binding of antibody was blocked with 5% non-fat 
milk for 6 hours, and the sheet was incubated 
overnight at 4C with mouse monoclonal anti-nestin 
antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) at a dilution of 1:100. The membranes 
were washed with tris buffered saline with tween 
(TBST) thrice at 10 minutes’ interval and incubated 
with secondary antibody at a dilution of 1:2000. The 
PVDF membranes were washed again with TBST, 
and the developed bands were visualized by an 
enhanced chemiluminescence substrate. 

Immunohistochemistry 

Sections of 4 μm thickness obtained from each 
paraffin block were taken on APES (3-aminopro-
pyltriethoxysilane)-coated slides and used for nestin 
immunostaining. The sections were deparaffinized 
in xylene and rehydrated through graded alcohols, 
and the antigen retrieval was done by heating the 
slides in citrate buffer (pH 6.0) in a pressure cooker. 
The endogenous peroxidase activity was quenched 
by placing the slides in 3% hydrogen peroxide for 10 
minutes. The sections were then incubated with 
mouse monoclonal primary antibody against nestin 
(Santa Cruz Biotechnology) in a dilution of 1:100 for 
2 hours. The slides were washed and treated with 
biotin link (Bio SB, Santa Barbara, CA, USA) for 10 
minutes. Subsequently horseradish peroxidase 
enzyme was applied for 10 minutes, and the slides 
were washed. Freshly prepared diaminobenzidine 

(DAB) chromogen was used for localizing the anti-
body binding. Finally, the sections were counter-
stained with Mayer’s hematoxylin, mounted, and 
viewed under a microscope. Mouse kidney tissues, 
which stain intensely for nestin in the podocytes, 
were used as positive control.21 Negative controls 
were treated in the same manner but omitting the 
primary antibody. 

Histological Analysis  

Nestin immunostaining was assessed in the entire 
area available in both tumor and non-tumor epi-
thelium. Cells presenting brown staining in the cyto-
plasm of epithelial/tumor cells were considered pos-
itive for nestin. The immunostained sections were 
scored according to the percentage of stained cells in 
three representative areas under ×200 magnifica-
tion. The staining was assessed according to the 
method proposed by Ravindran and Devaraj22 as 
follows: 0 (negative), i.e. no staining or staining in 
less than 5% of cells; 1+ (mild), staining in 5%–15% 
of cells; 2+ (moderate), staining in 16%–25% of cells; 
and 3+ (intense), staining in >25% of cells. The stain-
ing was also graded as negative (includes categories 
0 and 1+) and positive (includes categories 2+ and 3+) 
for clinico-pathological correlation.  

Similarly, in the connective tissue, three separate 
high-power fields with the highest number of vessels 
were assessed for counting nestin-positive blood 
vessels. All stained endothelial cells or cell clusters 
were counted as one vessel. The mean value for each 
sample was used for statistical analysis.  

Statistical Analysis 

All calculations were performed using the Statistical 
Package for the Social Sciences (SPSS) version 21 
(Chicago, IL, USA). Shapiro–Wilk’s test was used to 
analyze the distribution pattern. The Kruskal–Wallis 
test, Student’s t test, and the Mann–Whitney U test 
were used to compare the expression of nestin 
between various groups, whereas the association 
between nestin expression and clinico-pathological 
factors was analyzed using the chi-square test. A P 
value of <0.05 was considered to be significant. 

RESULTS 

Immunoblot Analysis 

The protein band observed in the molecular weight 
range of 190–200 kDa identified by the primary 
anti-human nestin antibody was confirmed to be 
nestin protein. All the normal samples showed faint 
positivity with thin bands. Six out of 8 OSCC sam-
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ples showed higher expression of nestin than NOM 
samples, with a dark thick band; 2 OSCC samples 
failed to show positive expression for nestin (Figure 
1). The mean expression of OSCC samples was found 
to be six times higher than the NOM samples, and 
statistical significance was reached. These results 
showed that nestin is commonly expressed at low 
levels in normal mucosa but is elevated in the oral 
cancer tissues. 

Immunohistochemical Analysis 

Nestin expression in the keratinocytes is detailed in 
Table 1. 

Nestin expression was confined to the basal layer 
of the epithelium in NOM samples, whereas it was 
also seen in the suprabasal layers in leukoplakia 
samples (Figure 2). In nestin-positive OSCC sam-
ples, both peripheral and central cells of the tumor 
islands showed positivity (Figure 3). However, the 
difference was not statistically significant.  

The leukoplakia group was further sub-divided 
into leukoplakia without dysplasia, leukoplakia with 
mild/moderate dysplasia, and leukoplakia with 
severe dysplasia, and the mean expressions of nestin 
were 1.3±0.48, 0.9±0.88, and 0.17±0.41, respec-
tively. Statistical analysis among the leukoplakia 
groups found a highly significant difference at 
P<0.05. Intergroup comparison showed significant 
variation between leukoplakia without dysplasia and 
severe dysplasia. No statistical significance was 
found between other groups of leukoplakia. 

Among the 30 cases of OSCC, 2 cases (7%) showed 
moderate expression, 10 cases (33%) showed mild 
expression, and the remaining 18 cases (60%) failed 

to express nestin. The expression of nestin was 
found to be increased in well differentiated OSCC 
compared to moderately/poorly differentiated tu-
mors (Figure 3). Furthermore, intergroup compari-
son showed a statistically significant difference 
between well differentiated OSCC and poorly differ-
entiated OSCC and also between well differentiated 
OSCC and moderately differentiated OSCC. 

Nestin Expression and Tumor Invasion 

Pattern 

Oral squamous cell carcinomas were sub-grouped 
based on the pattern of tumor invasion according to 
Bryne et al.23 Two cases (7%) showed pattern 1 inva-
sion, 4 cases (14%) showed pattern 2 invasion, 14 
cases (46%) showed pattern 3 invasion, and 10 cases 
(33%) showed pattern 4 invasion. Comparison of 
nestin expression in the keratinocytes among the 
various invasion patterns showed no statistical 
significance. 

Table 1. Expression of Nestin in the Keratinocytes of 

Normal Mucosa, Leukoplakia, and Carcinoma Samples. 

Type and No. of 
Samples 

Nestin 

0 1+ 2+ 3+ 

Normal (n=10) 5 5 0 0 

Leukoplakia (n=26) 9 11 6 0 

Carcinoma (n=30) 18 10 2 0 

0 (negative), no staining or staining in less than 5% of 

cells; 1+ (mild), staining in 5%–15% of carcinoma cells; 2+ 

(moderate), staining in 16%–25% of cells; and 3+ 

(intense), staining in >25% of cells. 

 

Figure 1. Western Blot Analysis for Nestin Showing Expression for Normal (A) and OSCC (B) Samples. 

The OSCC samples show an increased expression and intensity compared to normal samples; this reached statistical 

significance. 
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Nestin Expression and Clinico-pathological 

Parameters 

No significant correlation was found between age, 
sex, the site, histological grading, or tumor invasion 
pattern and nestin expression in the samples of 
leukoplakia (Table 2) and OSCC (Table 3).  

Nestin Expression in the Connective Tissue 

To establish a link between nestin expression and 
neoangiogenesis, nestin-positive blood vessels were 
observed in cases of NOM, leukoplakia, and OSCC. 
There were no immunopositive blood vessels in the 
NOM samples. However, leukoplakia and OSCC 
samples showed nestin-positive vessels abundantly 
near the sub-epithelial area and invasive front of the 
tumor, respectively. The mean expression of nestin 
in the blood vessels in NOM, leukoplakia, and OSCC 
were 0, 1.87±1.58, and 2.65±1.67, respectively, and a 
statistically significant difference was reached. When 
an intergroup comparison was made, a significant 

difference was found between NOM and leukopla-
kia, and between NOM and OSCC samples. Howev-
er, no significant difference was observed between 
leukoplakia and OSCC samples. 

DISCUSSION 

Nestin, a type VI IF protein, which was originally 
described as neural stem cell marker, is highly 
specific to neural stem cells. Nestin is expressed 
during early stages of development, and its expres-
sion is downregulated upon tissue differentiation 
and, in course, is replaced by other tissue-specific IF 
proteins. Interestingly, nestin expression is re-
induced during various regenerative and degenera-
tive conditions in the fully differentiated tissues.19 
Several experimental studies on human solid tumors 
including OSCC have found higher levels of nestin 
expression in the tumor cells. Nestin expression is 
also observed in the endothelial cells of adult tissues 
that replenish by angiogenesis and in the endothe-

 

Figure 2. Representative Photomicrographs of Nestin Immunoreactivity. 

A: Normal mucosa; B: leukoplakia without dysplasia; C: leukoplakia with severe dysplasia (magnification ×100). 

 

 

 

 

 

Figure 3. Photomicrographs of OSCC Samples Showing Nestin Expression. 

A: Well differentiated OSCC; B: moderately differentiated OSCC; C: poorly differentiated OSCC (high-power view). 
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lium of vascular neoplasms and cancers, suggesting 
that nestin is a marker for angiogenesis.24 

Till now, only a few reports address the role of 
nestin in oral carcinogenesis and neoangiogenesis. 
Hence, to address this issue, the present study 
observed nestin expression in samples of normal 
mucosa, leukoplakia, and OSCC using western blot 
and immunohistochemical analysis. The preliminary 
study was undertaken to quantify the nestin expres-
sion in the normal mucosa and OSCC samples by 
immunoblotting technique. The present data demon-
strated that nestin expression was observed in both 
normal and OSCC samples. However, the expression 
in OSCC was found to be six times higher than that 
of NOM samples. These findings were in accordance 
to the earlier study on breast cancer in which rela-
tively higher levels of nestin expression were 
demonstrated.11 

As nestin is a marker of stem cells, observation of 
its expression in the normal mucosa (a differ-
entiated tissue) may therefore be attributed to the 
presence of a stem cell population in the basal layer 
expressing the protein. In oral cancer, a high level of 
nestin expression has been shown in oral cancer 

stem cell-like cells.25 It has also been established 
that there is an increase in nestin expression in the 
endothelial cells of the newly formed blood vessels, 
including tumor angiogenesis. Therefore, the higher 
expression of nestin in OSCC observed in western 
blot could be due to the above-mentioned factors, 
and currently, it is unknown which—keratinocytes 
or endothelial cells—contributed to nestin over-
expression. 

To further validate the finding, an immuno-
histochemical analysis was performed to observe the 
localization and expression pattern of nestin in the 
study samples. In an attempt to trace the earliest 
change in nestin upregulation, leukoplakia samples 
were also included for the study. Most of the studies 
on the nestin expression in the normal samples 
showed no expression of nestin.22,26 In the present 
study, 5 NOM samples showed mild nestin expres-
sion in a few cells of the basal layer, supporting the 
observation of stem cells dispersed among the basal 
cells of the normal epithelium, which minimally 
express nestin.  

In a total of 26 leukoplakia cases studied, 65% of 
cases showed positive expression for nestin in the 

Table 2. Association of Nestin Expression in the Keratinocytes of Leukoplakia Samples with Clinical and 

Pathological Factors (Chi-square Test). 

Factor 
No. of 

Patients 

Nestin n (%) 

P Value Negative 
(n=20) 

Positive 
(n=6) 

Age     

<60 y 20 14 (70) 6 (30) 
0.126 

≥60 y 6 6 (100) 0 (0) 

Gender     

Male 18 12 (66.7) 6 (33.3) 
0.063 

Female 8 8 (100) 0 (0) 

Site     

Tongue 1 1 (100) 0 (0) 

0.803 Buccal mucosa 18 14 (77.8) 4 (22.2) 

Floor of the mouth 7 5 (71.4) 2 (28.6) 

Dysplasia status     

No dysplasia 10 7 (70) 3 (30) 
0.508 

Dysplasia 16 13 (81.2) 3 (18.8) 

Negative includes categories 0 and 1+, and positive includes categories 2+ and 3+. 
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epithelial cells. The intensity and the number of cells 
expressing nestin were much higher than NOM. The 
leukoplakia group was further categorized based on 
the presence of morphologic changes of the cells 
(dysplasia) into leukoplakia without any dysplastic 
features (n=10), leukoplakia with mild to moderate 
dysplastic features (n=10), and leukoplakia with 
severe dysplastic features/carcinoma in situ (n=6). 
The purpose of such sub-grouping was that, accord-
ing to earlier studies on dysplasia, the leukoplakic 
lesions with epithelial dysplasia had higher risk of 
turning into carcinoma and the rate of malignant 
transformation increases with the severity of 
dysplasia.27 

Interestingly, the present study showed cyto-
plasmic and membranous expression of nestin, 

gradually decreasing from leukoplakia without 
dysplasia to leukoplakia with mild/moderate dys-
plasia, and further decreased in leukoplakia with 
severe dysplasia. This finding was in contrast to an 
earlier study which observed a gradual increase in 
the expression of nestin from mild/moderate dys-
plasia to severe dysplasia22; however, that study did 
not include cases of leukoplakia without dysplasia.  

With regard to the present data, nestin expres-
sion weakened as the severity of dysplasia increased 
and there was a statistical difference between the 
leukoplakia cases with and without dysplasia, indi-
cating that nestin is expressed much earlier, even 
before microscopic changes are evident in cases of 
leukoplakia. Hence, it may be speculated that nestin 
expression could be an early event in the carcino-

Table 3. Association of Nestin Expression in the Keratinocytes of OSCC Samples with Clinical and Pathological 

Factors (Chi-square Test). 

Factor 
No. of 

Patients 

Nestin n (%) 
P Value 

Negative (28) Positive (2) 

Age     

<60 y 17 16 (94.1) 1 (5.9) 
0.844 

≥60 y 13 12 (92.3) 1 (7.7) 

Gender     

Male 16 15 (93.8) 1 (6.2) 
0.922 

Female 14 13 (92.9) 1 (7.1) 

Site     

Tongue 1 1 (100) 0 (0) 

0.651 
Buccal mucosa 17 15 (88.2) 2 (11.8) 

Palate 4 4 (100) 0 (0) 

Floor of the mouth 8 8 (100) 0 (0) 

Tumor Grade     

Well differentiated 10 8 (80) 2 (20) 

0.117 Moderately differentiated 10 10 (100) 0 (0) 

Poorly differentiated 10 10 (100) 0 (0) 

Tumor Invasion Pattern     

Pattern 1 2 2 (100) 0 (0) 

0.388 
Pattern 2 4 3 (75) 1 (25) 

Pattern 3 14 13 (92.9) 1 (7.1) 

Pattern 4 10 10 (100) (0.0) 

Negative includes categories 0 and 1+, and positive includes categories 2+ and 3+. 
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genesis cascade and that it governs the molecular 
events that are initiated even before its clinical 
presentation.  

Studies on nestin expression in carcinoma sam-
ples are inconclusive and contradictory, with a high-
ly variable expression of nestin-positive tumor cells 
among various human cancers. Tumor cells expres-
sing nestin were found most frequently in cervical 
carcinoma (100%),28 followed by lung carcinoma 
(86.5%),12 gliomas (82.4%),15 prostate cancer 
(75%),29 pancreatic ductal adenocarcinoma (30%),14 
breast carcinoma (27.33%),11 nasopharyngeal carci-
noma (2%),26 and the lowest being 0% in colorectal 
carcinoma.30 

In the present study, only 12 out of 30 (40%) 
OSCC cases showed nestin positivity in the cyto-
plasm of the tumor cells. Among the 30 OSCC cases, 
the expression of nestin was found to be decreased 
and inversely associated with loss of differentiation. 
This observation was in contrast to the study by 
Ravindran and Devaraj,22 who observed a gradual 
increase in nestin expression as the tumor grade 
became less differentiated. A possible reason for 
such varied expression of nestin may be due to the 
difference in tissue-specific progenitor cells and 
varying phenotype of tumor cells.  

The present study could not correlate nestin 
expression with clinico-pathological factors. Even 
though nestin-positive tumor cells were observed in 
various invasion patterns of OSCC, no statistical 
significance was observed. 

Tumor angiogenesis is an important factor in the 
proliferation and metastasis of neoplasms. The de-
gree of tumor angiogenesis is associated with clini-
cal outcome, as the angiogenic properties correlate 
with tumor aggressiveness and metastasis.30 Evi-
dence also shows that nestin is a vascular marker 
which transiently appears in undifferentiated endo-
thelial cells, whereas it is not seen in mature vascu-
lature; thus it could represent a marker for newly 
formed endothelial cells.31 

Therefore, an attempt was made to determine the 
status of the newly formed blood vessels by observ-
ing nestin expression in the endothelial cells. To the 
best of our knowledge, this is the first study that has 
observed the expression of nestin in the blood ves-
sels in the presence of oral carcinogenesis. Out of 10 
NOM samples, none of the cases exhibited nestin 
positivity in the blood vessels, which is in accord-

ance with the fact that nestin expression is seen only 
in newly formed blood vessels, and such new blood 
vessel formation occurs only in the walls of the endo-
metrium under physiological conditions. Among the 
leukoplakia samples, nestin-positive blood vessels 
were visualized in the sub-epithelial connective tis-
sue. This supports the perspective that  angiogenesis 
starts at a much earlier stage in oral carcinogenesis, 
especially at the precancerous stage.31 In the OSCC 
samples, nestin-positive blood vessels were prom-
inently observed in the invasive front and in the 
peri-tumoral regions. This finding is in concordance 
to a previous study which observed an increase in 
the expression of VEGF, a potent angiogenesis 
marker from NOM, through dysplasia, to OSCC, and 
also suggesting that neoangiogenesis initiates at an 
early stage during oral carcinogenesis.32 

Based on these observations, it becomes strongly 
evident that nestin can be considered as a reliable 
marker of tumor angiogenesis. In addition, nestin 
can also be utilized to selectively reflect the vascular 
density induced by the tumor, which, in turn, may 
influence the metastasis of tumor cells. 

To summarize, there is an upregulation of nestin 
expression in leukoplakia and OSCC samples, as 
determined by western blot and immunohisto-
chemical techniques. Although a statistically signifi-
cant difference was found between most of the study 
groups, it deserves additional evaluation with a 
larger biological sample and follow-up data for 
malignant transformation of leukoplakia cases. 

At a minimum, our study data support the notion 
that nestin plays a brief but pivotal role in oral carci-
nogenesis and may be a valuable marker for neo-
angiogenesis in oral cancer. Nestin expression in 
leukoplakia samples suggests that it could be an 
early event in the multistage carcinogenesis of oral 
epithelium. 

REFERENCES 

1. Johnson NW, Warnakulasuriya S, Gupta PC, et al. 
Global oral health inequalities in incidence and out-

comes for oral cancer: causes and solutions. Adv Dent 

Res 2011;23:237–46. Crossref 

2. Patel SS, Shah KA, Shah MJ, Kothari KC, Rawal RM. 

Cancer stem cells and stemness markers in oral squa-
mous cell carcinomas. Asian Pac J Cancer Prev 2014; 

15:8549–56. Crossref 

3. Sankaranarayanan R, Sauvaget C, Ramadas K, et al. 
Clinical trials of cancer screening in the developing 

https://doi.org/10.1177/0022034511402082
https://doi.org/10.7314/apjcp.2014.15.20.8549


 

Nestin Expression in Oral Cancer 
 

 

Rambam Maimonides Medical Journal 9 October 2019  Volume 10  Issue 4  e0024 
 

world and their impact on cancer healthcare. Ann 

Oncol 2011;22(Suppl 7):Vii20–8. Crossref 

4. Warnakulasuriya S, Johnson N, Van der Waal I. No-

menclature and classification of potentially malignant 
disorders of the oral mucosa. J Oral Pathol Med 

2007;36:575–80. Crossref. 

5. Bouquot JE, Whitaker SB. Oral leukoplakia--rationale 

for diagnosis and prognosis of its clinical subtypes or 

phases. Quintessence Intl 1994;25:133–40.  

6. Bouquot JE, Gorlin RJ. Leukoplakia, lichen planus, 

and other keratosis in 23,616 white Americans over 
the age of 35 years. Oral Surg Oral Med Oral Pathol 

1986;61:373–81. Crossref 

7. Prince ME, Sivanandan R, Kaczorowski A, et al. 

Identification of a subpopulation of cells with cancer 

stem cell properties in head and neck squamous cell 
carcinoma. Proc Natl Acad Sci U S A 2007;104:973–

8. Crossref 

8. Satpute PS, Hazarey V, Ahmed R, Yadav L. Cancer 

stem cells in head and neck squamous cell carcinoma: 

a review. Asian Pac J Cancer Prev 2013;14:5579–87. 
Crossref 

9. Steinert PM, Chou YH, Prahlad V, et al. A high molec-
ular weight intermediate filament-associated protein 

in BHK-21 cells is nestin, a type VI intermediate fila-

ment protein limited co-assembly in vitro to form 
heteropolymers with type III vimentin and type IV α-

internexin. J Biol Chem 1999;274:9881–90. Crossref 

10. Lendahl U, Zimmerman LB, McKay RD. CNS stem 

cells express a new class of intermediate filament 

protein. Cell 1990;60:585–95. Crossref 

11. Zhao Z, Lu P, Zhang H, et al. Nestin positively regu-

lates the Wnt/β-catenin pathway and the prolifera-
tion, survival and invasiveness of breast cancer stem 

cells. Breast Cancer Res 2014;16:408. Crossref 

12. Chen Z, Wang T, Luo H, et al. Expression of nestin in 

lymph node metastasis and lymphangiogenesis in 

non-small cell lung cancer patients. Hum Pathol 
2010;41:737–44. Crossref 

13. Matsuda Y, Naito Z, Kawahara K, Nakazawa N, Korc 
M, Ishiwata T. Nestin is a novel target for suppressing 

pancreatic cancer cell migration, invasion and metas-

tasis. Cancer Biol Ther 2011;11:512–23. Crossref 

14. Kawamoto M, Ishiwata T, Cho K, et al. Nestin expres-

sion correlates with nerve and retroperitoneal tissue 
invasion in pancreatic cancer. Hum Pathol 2009;40: 

189–98. Crossref 

15. Zhang M, Song T, Yang L, et al. Nestin and CD133: 

valuable stem cell-specific markers for determining 

clinical outcome of glioma patients. J Exp Clin Can-
cer Res 2008;27:85. Crossref 

16. Piras F, Perra MT, Murtas D, et al. The stem cell 

marker nestin predicts poor prognosis in human mel-
anoma. Oncol Rep 2010;23:17–24.  

17. Chou YH, Khuon S, Herrmann H, Goldman RD. Nes-

tin promotes the phosphorylation-dependent disas-
sembly of vimentin intermediate filaments during 

mitosis. Mol Biol Cell 2003;14:1468–78. Crossref 

18. Huang YL, Wu CM, Shi GY, et al. Nestin serves as a 
prosurvival determinant that is linked to the cytopro-

tective effect of epidermal growth factor in rat vascu-

lar smooth muscle cells. J Biochem 2009;146:307–
15. Crossref 

19. Sahlgren CM, Mikhailov A, Hellman J, et al. Mitotic 

reorganization of the intermediate filament protein 

nestin involves phosphorylation by cdc2 kinase. J 

Biol Chem 2001;276:16456–63. Crossref 

20. Aihara M, Sugawara KI, Torii S, et al. Angiogenic 

endothelium-specific nestin expression is enhanced 

by the first intron of the nestin gene. Lab Invest 
2004;84:1581–92. Crossref  

21. Chen J, Boyle S, Zhao M. Differential expression of 

the intermediate filamental protein nestin during 
renal development and its localization in adult podo-

cytes. J Am Soc Nephrol 2006;17:1283–91. Crossref 

22. Ravindran G, Devaraj H. Prognostic significance of 

neural stem cell markers, Nestin and Musashi-1, in 

oral squamous cell carcinoma: expression pattern of 
Nestin in the precancerous stages of oral squamous 

epithelium. Clin Oral Invest 2015;19:1251–60. Crossref 

23. Bryne M, Koppang HS, Lilleng R, Kjærheim A. Malig-

nancy grading of the deep invasive margins of oral 

squamous cell carcinomas has high prognostic value. 
J Pathol 1992;166:375–81. Crossref 

24. Suzuki S, Namiki J, Shibata S, Mastuzaki Y, Okano H. 
The neural stem/progenitor cell marker nestin is 

expressed in proliferative endothelial cells, but not in 

mature vasculature. J Histochem Cytochem 2010;58: 
721–30. Crossref 

25. Chiou SH, Yu CC, Huang CY, et al. Positive correla-

tions of Oct-4 and Nanog in oral cancer stem-like 
cells and high-grade oral squamous cell carcinoma. 

Clin Cancer Res 2008;14:4085–95. Crossref 

26. Luo W, Li S, Peng B, Ye Y, Deng X, Yao K. Embryonic 

stem cells markers SOX2, OCT4 and Nanog ex-

pression and their correlations with epithelial- 
mesenchymal transition in nasopharyngeal carcino-

ma. PLoS One 2013;8:e56324. Crossref 

27. MacDonald G, Saka SM. Structural Indicators of the 

High Risk Lesion. In: Johnson NW, ed. Risk Markers 

for Oral Diseases (Vol 2). Cambridge: Cambridge 
University Press; 1991:165–8. 

https://doi.org/10.1093/annonc/mdr422
https://doi.org/10.1111/j.1600-0714.2007.00582.x
https://doi.org/10.1016/0030-4220(86)90422-6
https://doi.org/10.1073/pnas.0610117104
https://doi.org/10.7314/apjcp.2013.14.10.5579
https://doi.org/10.1074/jbc.274.14.9881
https://doi.org/10.1016/0092-8674(90)90662-x
https://doi.org/10.1186/s13058-014-0408-8
https://doi.org/10.1016/j.humpath.2009.10.018
https://doi.org/10.4161/cbt.11.5.14673
https://doi.org/10.1016/j.humpath.2008.02.022
https://doi.org/10.1186/1756-9966-27-85
https://doi.org/10.1091/mbc.e02-08-0545
https://doi.org/10.1093/jb/mvp070
https://doi.org/10.1074/jbc.M009669200
https://doi.org/10.1038/labinvest.3700186
https://doi.org/10.1681/ASN.2005101032
https://doi.org/10.1007/s00784-014-1341-z
https://doi.org/10.1002/path.1711660409
https://doi.org/10.1369/jhc.2010.955609
https://doi.org/10.1158/1078-0432.CCR-07-4404
https://doi.org/10.1371/journal.pone.0056324


 

Nestin Expression in Oral Cancer 
 

 

Rambam Maimonides Medical Journal 10 October 2019  Volume 10  Issue 4  e0024 
 

28. Sato A, Ishiwata T, Matsuda Y, et al. Expression and 

role of nestin in human cervical intraepithelial neo-
plasia and cervical cancer. Int J Oncol 2012;41:441–

8. Crossref 

29. Kleeberger W, Bova GS, Nielsen ME, et al. Roles for 

the stem cell–associated intermediate filament Nes-

tin in prostate cancer migration and metastasis. Can-
cer Res 2007;67:9199–206. Crossref 

30. Teranishi N, Naito Z, Ishiwata T, et al. Identification 

of neovasculature using nestin in colorectal cancer. 
Int J Oncol 2007;30:593–604.  

31. Mokrý J, Čížková D, Filip S, et al. Nestin expression 

by newly formed human blood vessels. Stem Cells 
Dev 2004;13:658–64. Crossref 

32. Johnstone S, Logan RM. Expression of vascular endo-
thelial growth factor (VEGF) in normal oral mucosa, 

oral dysplasia and oral squamous cell carcinoma. Int 

J Oral Maxillofac Surg 2007;36:2636. Crossref 

https://doi.org/10.3892/ijo.2012.1473
https://doi.org/10.1158/0008-5472.CAN-07-0806
https://doi.org/10.1089/scd.2004.13.658
https://doi.org/10.1016/j.ijom.2006.09.017

