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A b s t r ac t
Aim: The purpose of the study was to evaluate the expression of stathmin in different histological grades and tumor, node, metastasis (TNM) staging of
Oral carcinoma and various grades of oral dysplasia. The study also aims at observing the stathmin expression with respect to lymph node metastasis.
Materials and methods: A total of 90 histopathologically confirmed tissue sections were acquired, of which 30 sections of oral dysplasia, 30 oral
squamous cell carcinoma (OSCC) and 30 normal tissue sections were stained immunohistochemically with stathmin. The tissue sections, were
categorized into different grades of oral dysplasia and OSCC based on histopathological examination. For estimation of stathmin expression,
manual examination of 300 cells was done in a minimum of five different areas of tissue section and a mean proportion of positive-stained cells
were determined. The statistical analysis of the results was done using ANOVA test.
Results: A statistically significant increase in mean staining scores of stathmin in OSCC group compared to dysplasia and control groups. A
statistically significant difference was observed in different grades of dysplasia and OSCC groups. Stage III and stage IV OSCC tissue sections
showed high intensity staining scores of stathmin expression.
Conclusion: An increased expression of stathmin was detected in various grades of OSCC and also with respect to staging of oral cancer. Half
the cases of OSCC with lymph node metastasis showed high intensity scores of stathmin. Based on the above facts, stathmin expression was
indicated as a potential tool for predicting the outcome of oral cancer patients with lymph node metastasis and its expression was increased
in the group with poor prognosis.
Clinical significance: Any damage/mutation to stathmin can result in defects in cell division resulting in aneuploidy and in turn cancers. In this
study, the results showed that there is a differential expression of stathmin in the early and the advanced grades and different TNM stages of
OSCC. A high expression of stathmin was observed in all the cases with lymph node metastasis. These observations prove that stathmin has an
important role in the progression, tumorigenicity, and prognosis of the oral cancer.
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Introduction
Stathmin or oncoprotein 18/Op18, is a microtubule destabilizer
protein which are vital for intracellular transport, mitosis,
maintaining cell shape and motility.1,2
Microtubule dynamics and assembly are under the regulation of
Op18. These mitotic spindle is formed as a result of polymerization
of these microtubules during mitosis, the structure that is essential
for accurate chromosome segregation and cell division. At the
molecular level, the polymerization and depolymerization
activity of microtubules is under the control of stathmin. At the
onset of mitosis, the depolymerizing activity is suppressed by
phosphorylation to permit the microtubule polymerization to form
the microtubule assembly. Stathmin dephosphorylation is initiated
at the exit of the mitosis and before cells enter an interphase.3
Obligatory expression or inhibition of stathmin results in various
mitotic spindle defects. Overexpression leads to abnormalities in or
a complete lack of mitotic spindle and cells may get arrested in the
initial stages of mitosis. Inhibition of stathmin expression results in
abnormalities in mitotic spindle which might result in accumulation
of cells in the middle of mitosis. Thus, stathmin plays an important
role in the mitotic spindle dynamics for the timely entry and exit
of cell from mitosis.4
A variety of human cancers such as esophageal cancer,5 breast
cancer,6 endometrial cancer,7 colorectal cancer,8 hepatocarcinoma,9
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prostate cancer,10 ovarian cancer,11 etc. has a close association of
stathmin with TNM staging, cancer cell differentiation, lymph node
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Role of Stathmin in Tumor Progression

Figs 1A to C: Photomicrograph of stathmin immunoexpression in (A) Mild dysplasia (10×); (B) Moderate dysplasia (10×); and (C) Severe dysplasia (10×)

Figs 2A to C: Photomicrograph of stathmin immunoexpression in (A) Well-differentiated OSCC (10×); (B) Moderately differentiated OSCC (10×);
and (C) Poorly differentiated OSCC (10×)

metastases, and poor prognosis. These studies suggested that
stathmin is a downstream target of p53 and a positive regulator
of motility resulting in the growth and motility of the cancer
cells. Hence, overexpression of stathmin may play a role in tumor
formation and development and also can be used as an tumor
marker and molecular target for cancer therapy.12 Based on the
above facts, the purpose of this study is to correlate the biologic
behavior of OSCC, TNM staging, and grading and oral leukoplakia
and its various grades with respect to expression of stathmin
immunohistochemically.

M at e r ia l s

and

Group

Grading

Dysplasia
(n = 30)

Number

Staging

Number

Mild

16

–

–

Moderate

10

–

–

4

–

–

Well-differentiated

14

–

–

Moderately
differentiated

10

–

–

Poorly
differentiated

6

–

–

Severe
OSCC
(n = 30)

Methods

A retrospective analysis of 90 formalin fixed, paraffin embedded,
histologically diagnosed tissue sections were retrieved from the
Oral Pathology Department, Mamata Dental College, Khammam,
Telangana, India. Out of 90 sections, 30 tissue sections were
histologically diagnosed different grades of oral leukoplakia (oral
dysplasia) (Fig. 1) and 30 sections of histologically diagnosed
different grades of OSCC (Fig. 2) along with a control group
consisting of 30 normal healthy mucosa. The distribution of groups
is considered as listed in Table 1. The study was carried out only after
obtaining the institutional ethical clearance. The histopathological
grading for oral leukoplakia was done according to World Health
Organization (WHO) grading of oral epithelial dysplasia, grading
of OSCC was done using Broder’s system.13,14 Hemotoxylin and
eosin stained tissue sections were used to verify the tissue sections
histopathologically and categorized into different groups before
continuing with the immunohistochemistry (IHC) procedure. The
positive control used was brain tissue and normal oral mucosal
tissue was taken as negative control for each batch of staining.
Furthermore, 3-μm thick sections were taken onto silanized slides.
These sections were passed through a series of procedures such as
deparaffinization, rehydration through two changes of xylene, and
through grades of alcohol followed by distilled water for 30 seconds.
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Table 1: Distribution of groups

–

–

Stage I

5

–

–

Stage II

7

–

–

Stage III

11

–

–

Stage IV

7

Antigen retrieval was done by placing the slides in a Tris-EDTA
buffered saline solution and were heated for four times at 100°C
for 5 minutes using microwave oven. Following this, the slides were
brought to room temperature. Prior to immunostaining procedure,
all the reagents in the IHC kit stored in the refrigerator were brought
to room temperature. The immunostaining stathmin 1 antibody
reagents were obtained from Novus Biologicals super-sensitive
detection system. During the entirety of the IHC procedure, the
drying of tissue sections is avoided. The procedure starts with the
washing of sections gently with phosphate buffered saline (PBS)
3 times with a time gap of 30 seconds for each wash and excess
of buffer solution was tapped off. This PBS wash was done after
each step. Followed by covering of the tissue sections with the
peroxide block (3% H2O2) for 10 minutes and then by power block
for 5 minutes at room temperature and the excess power block was
drained off. Peroxide block inhibits endogenous enzyme activity
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prior to staining. Power block exposes the retrieved antigens and
keeps them in position. In the next step, the all the tissue sections
were treated with pre-diluted stathmin primary antibody excluding
the negative control. Following this, 1 hour incubation of the slides
at 21°C is done. A super-enhancer was added to the tissue sections
which acts as a link between primary antibody and antigen. The
sections were then covered with substrate chromogen solution for
10 minutes and then counterstained using Mayer’s hematoxylin for
2 minutes, followed by washing the slides gently under running
tap water for bluing. Dehydration was done by passing through
various grades of alcohol for 5 minutes each. Clearing of tissue
sections by xylene and later mounted using DPX and observed
under the microscope. On microscopic examination, visibility of a
brown colored end product at the site of target antigen indicates
positive immunoreactivity. Subsequently, all the tissue sections
were observed and graded them as either positive or negative.
The examination of slides was done and a total of 300 cells were
examined manually in each tissue section and in at least 5 areas and
determination of mean percentage of positive-stained slides was
done. Then, the following staining scores were assigned for each
tissue section: Less than 10%, 0; 11–25%, 1; 26–50%, 2; 51–75%, 3;
76–90%, 4; and 91–100%, 5. These interpretations were done by two
observers to exclude the interobserver bias. The obtained data was
subjected to statistical analysis using statistical package for social
sciences (SPSS) software, version 20.

Fig. 3: Mean intensity staining scores of stathmin expression of normal,
dysplasia, and carcinoma groups

R e s u lts
Comparison between OSCC, Oral Dysplasia and
Normal Groups
Oral Leukoplakia (Oral Dysplasia) Group
Among the 30 tissue sections, 3 sections showed a staining score
of 0 (10%), 15 sections showed 1 (50%), 6 sections showed 2 (20%),
2 sections showed 3 (6.66%), and 4 sections showed 4 (13.33%).

The OSCC Group
Among the 30 sections in carcinoma group, the staining score was
found to be 0 in only 1 section (3.33%), 7 sections showed scoring
of 1 (23.33%), 9 sections showed a scoring of 2 (30%), 7 sections
showed a scoring of 3 (23.33%), 2 sections showed a scoring of 4
(6.66%), and 4 sections showed a scoring of 5 (13.33%). The normal
control group showed a staining score of 0 in all 30 sections (100%).
Kruskal–Wallis analysis of variance (ANOVA) test was performed
to compare the staining scores between OSCC, dysplasia, and
normal groups, and the results showed a statistically significant
difference with a p = 0.0001 (Fig. 3).

Comparison of Levels of Stathmin Expression between
Various Grades of Dysplasia
Among 30 oral dysplasia sections, 16 sections were histologically
diagnosed as mild dysplasia, 10 were moderate dysplasia, and 4
were severe dysplasias. Among the 16 mild dysplasia sections, the
stathmin staining score was found to be 0 in 3 sections (18.75%),
and 13 sections showed a score of 1 (81.25%). Out of 10 moderate
dysplasia sections, 2 sections showed a staining score of 1 (20%),
6 sections showed score of 2 (60%), 2 sections showed a score of
3 (20%). All of the 4 severe dysplasia sections showed a staining
score of 4 (100%). Kruskal–Wallis ANOVA test showed a statistically
significant difference among various histopathological grades of
dysplasia with a p = 0.0001 for stathmin immunoexpression (Fig. 4).

Fig. 4: Comparison of various histological grades of dysplasia (mild,
moderate, and severe) for stathmin expression with respect to staining
intensity scores

Comparison of Stathmin Immunoexpression between
Various Grades of OSCC
Among 30 OSCC sections, 14 cases were histologically diagnosed
as well-differentiated OSCC (WDSCC), 10 sections were moderately
differentiated squamous cell carcinoma (MDSCC), and 6 sections
were poorly differentiated squamous cell carcinoma (PDSCC). Out
of 14 WDSCC, one case showing the staining score of 0 (7.14%),
7 sections showed the staining score of 1 (50%), and 6 sections
showed the staining score of 2 (42.85%). Out of 10 MDSCC, the
staining score was 2 in 3 sections (30%), and 3 in 7 sections (70%). In
6 poorly differentiated sections, the staining score was found to be
4 in 2 sections (33.33%), and 5 in 4 sections (66.66%). A statistically
significant difference between various histological grades of OSCC
was found using Kruskal–Wallis ANOVA test with respect to stathmin
immunoexpression with a p = 0.0001 (Fig. 5).

Comparison of Stathmin Immunoexpression among
Different Stages of OSCC (TNM Staging)
Among 30 cases of OSCC, 5 cases were staged as stage I, 7 cases
in stage II, 11 cases in stage III, and 7 cases in stage IV. Among
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A statistically significant increase in the stathmin expression
was found in OSCC group compared to oral dysplasia and normal
control groups. The stathmin expression was found to be high in
poorly differentiated OSCC cases with high staining intensity scores
of 4 and 5 compared to other grades of OSCC. Likewise, the staining
intensity of stathmin was as high as 4 in severe dysplasia compared
to other grades of dysplasia.

Discussion

Fig 5: Comparison of various histological grades of OSCC for stathmin
expression with respect to staining intensity scores

Fig. 6: Graph showing mean staining intensity scores in different stages
of OSCC (TNM staging)

the 5 cases in stage I, the staining intensity score was 1 in 2 cases
(40%), score 2 in 2 (40%) cases, and score 3 in 1 (20%) case. Among
the 7 cases in stage II, the staining intensity score was 1 in 1 case
(14.2%), score 2 in 5 cases (71.4%), and score 5 in 1 case (14.2%).
In 11 cases of stage III, the staining intensity score was 0 in 1 case
(9.1%), score 1 in 3 cases (27.2%), score 2 in 2 cases (18.2%), score 3
in 2 cases (18.2%), score 4 in 2 cases (18.2%), and score 5 in 1 case
(9.1%). In 7 cases of stage IV, the staining intensity score was 1 in 1
case (14.2%), score 3 in 4 cases (57.1%), and score 5 in 2 cases (28.6%).
The statistical analysis was done using one-way ANOVA test, the
p-value was found to be 0.2935, which is found to be insignificant
at p <0.05 (Fig. 6).

Lymph Node Metastasis
Upon checking for lymph node metastasis, out of the 30 cases of
OSCC, 15 cases showed lymph node metastasis with high staining
intensity scores, that is, a score 5 in 3 cases (20%), a score 4 in 2 cases
(13.33%), and a score 3 in 5 cases (33.33%) compared to the 15 cases
which did not show nodal metastasis, that is, a score of 5 in only 1
case (6.66%) and a score of 3 in only 2 cases (13.33%) indicating that
stathmin has a role in progression of nodal metastasis.
500

Stathmin otherwise called as oncoprotein 18/Op18, p18, p19,
stathmin1, or metablastin is a cytosolic phosphoprotein primarily
identified in neuroendocrine cells.15,16 These are microtubule
regulating proteins, that is, in microtubule assembly and dynamics.
Stathmin is made of 149 amino acids, which are organized into
four domains (I–IV), and the core region acts as a site for tubulin
interaction with the additional requirement of either an N- or
C-terminal extension. The C-terminal is interaction domain of
stathmin. The N-terminal region of stathmin is the regulatory
domain of stathmin, which shows four phosphorylation domains,
designated as Ser 16, 25, 38, and 63. These phosphorylation domains
closely correlate with the kinases involved in major intracellular
regulatory cascades.16
Expression of stathmin is tightly controlled both during
development and in adult tissues and that it is invariably induced
by pro-mitogenic stimuli. The studies conducted also demonstrated
that its expression is almost restricted to proliferating cells of all
tissues with exception of glial cells, neurons and anterior pituitary
cells. The levels of stathmin protein parallel the levels of its mRNA,
suggesting stathmin’s expression predominantly at transcription
levels.17
Numerous reports have suggested a higher expression of
stathmin in cancerous tissue than the normal tissue. The mechanism
behind the higher expression is very little understood. There are few
studies conducted which detailed about the association of stathmin
with mutant p53 gene in breast cancer cell lines and hepatocellular
carcinoma.18,19 Around 50% of the tumor cells in cancers exhibits
loss of function of p53 and the p53 gene has dominant negative
mutations that suppresses p53 protein function. 20–22 Wild type
p53 seems to preserve a diploid number of chromosomes through
repression of stathmin and derepression of stathmin in mutant p53
cells which result in aneuploidy.6
A link has been suggested correlating the stathmin expression
with the phosphorylation and regulation of proliferation of cells.
Various studies revealed that the downward expression of stathmin
can result in cell cycle arrest at G2/M phase in esophageal cancer
cells and pancreatic carcinoma cells, down regulation of expression
of NF-κB and decrease in cellular proliferation and invasion in lung
cancer cells. Evidence also showed that stathmin has a role in tumor
progression by binding to CDK inhibitors p27 and p21, and can result
in controlling the early phase of G1 to S transition.23–26
The enigma behind the overexpression and inhibition of
stathmin expression results in mitotic arrest was resolved years
later by independent identification of stathmin as a cytosolic factor
involved in the regulation of microtubule assembly and dynamics.15
A wide range of human cancers showed overexpression of stathmin
such as breast carcinoma, lung adenocarcinoma, Hodgkin’s
lymphoma, ovarian carcinoma, Wilms’ tumor, and adenoid cystic
carcinoma of the salivary glands.16,27–31
The purpose of this study was to compare and assess the
expression of stathmin in OSCC, oral leukoplakia, and normal
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tissues. The statistical analysis revealed a statistically significant
increase in stathmin expression in OSCC [(mean staining
score = 2.50) compared to oral dysplasia (2.11)] and normal groups
(0.00).
An increase in the expression of stathmin was found to increase
from mild dysplasia (mean staining score = 0.55), to moderate
dysplasia (1.97) to severe dysplasia (3.89).
Comparison within different grades of OSCC revealed a
statistically significant increase in the stathmin expression from
WDSCC (mean staining score = 1.38) to MDSCC (2.98) to PDSCC
(4.67). The OSCC cases under different stages (TNM staging) were
compared for stathmin expression, which revealed that cases
under stage IV had high stathmin immunoexpression in the
tissues compared to other stages (I, II, and III). According to the
research conducted by Kouzu et al., stathmin was overexpressed
in OSCC and primary tumors with respect to advanced stages and
poor diseases free survival. This study also showed a substantial
correlation to clinical staging with a significantly differed
expression in stage I/II and stage III/IV signifying its role in tumor
progression and aggressiveness. 32 The sathmin protein status
expression was also correlated with the disease free survival
signifying its role in tumor prognosis/progression. 33 Cheng et al.
in their study identified an overexpression of stathmin in primary
nasopharyngeal carcinomas, its recurrence and higher grades of
tumor. This study is in concordance with this study with respect
to stathmin expression in advanced stages and higher grade
tumours. 33 Nakashima et al. demonstrated overexpression of
stathmin in adenoid cystic carcinoma reported using 2D differential
in-gel electrophoresis. 31
Among the 30 cases of OSCC, almost 15 cases showed lymph
node metastasis which also showed high intensity staining score
(5) of stathmin in the tissues. Similar observations were found in
a study conducted by Jeon et al., which revealed stathmin was an
independent predictor of shorter recurrence-free survival, and
associated with lymph node metastasis and high grade stages in a
cohort of 226 gastric cancer patients.34 The stathmin expression was
indicated as a potential tool for predicting the outcome of breast
cancer patients with lymph node metastasis and its expression was
increased in the group with poor prognosis. 35 These observations
were similar to that of this study.
Marafioti et al. in their study of immunophenotyping of
stathmin in large case series of follicular lymphomas, observed
that a correlation of stathmin with higher grades of tumor
existed and concluded that stathmin could be used as a unique
IHC and a diagnostic marker.36 The major limitation of this study
includes smaller sample size and lack of comparison between
expression of stathmin with the treatment options, outcome,
and prognosis. This study can be made as an adjuvant with other
molecular techniques such as qRT-PCR, etc., to elaborate the role
of stathmin in various cancers to direct us for the target-based
therapy of cancer.

C o n c lu s i o n
Based on the above facts, stathmin is not only overexpressed
in OSCC but also there is a differential expression in early and
advanced grades and different TNM stages of OSCC. A high
expression of stathmin was observed in all the cases with lymph
node metastasis. These observations point us that stathmin has an
important role in the tumorigenicity, progression, and prognosis
of the oral cancer.
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