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STMNI1 accumulation is associated with dysplastic and
neoplastic lesions in patients with ulcerative colitis
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Abstract. Ulcerative colitis (UC) is thought to be associ-
ated with precancerous lesions that can ultimately lead to
colon cancer. Therefore, diagnostic markers for colorectal
dysplasia and cancer are urgently needed for patients with
UC. Stathmin 1 (STMNI]) is a novel cancer biomarker that is
also a novel target for treatment in several cancers, including
colon cancer. However, few studies have investigated the
relationship between STMNI expression and clinical
features in colorectal dysplasia and cancer in patients with
UC. The present study examined the clinical significance of
STMNI expression in colorectal dysplasia and cancer with
UC. The present study performed an immunohistochemical
analysis of 31 clinical colorectal samples from eight patients
with colorectal dysplasia and/or cancer to assess the relation-
ships between STMNI expression and clinicopathological
features including mismatch repair protein expression, rate
of Ki-67 positivity, differentiation level, TNM stage, and
UC duration. STNM1 expression was detected in 95.7% of
dysplastic and cancerous lesions, whereas p53, the current
diagnostic marker, was not expressed in 39.1% of dysplastic
and cancerous lesions. Furthermore, STMNI1 expression
was associated with a high rate of positivity for Ki-67, a
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proliferation marker. Our data suggest that STMNI in the
colonic mucosa of UC patients may be useful as an early
diagnostic marker of dysplasia and colitic cancer.

Introduction

The inflamed colonic mucosa of patients with ulcerative
colitis (UC), an inflammatory disease affecting the colorectal
region, is suggested to be a site for the development of precan-
cerous lesions that can ultimately progress to colon cancer (1).
As colorectal dysplasia and cancer is an important complica-
tion of UC, surveillance endoscopy is recommended for the
evaluation of inflammation and cancer in patients who have had
UC for more than eight years (2). Total colectomy is considered
for patients diagnosed with high-grade colorectal dysplasia
or cancer during surveillance. It is recommended that the
frequency of surveillance be increased in cases of low-grade
dysplasia. However, due to the underlying chronic inflamma-
tion in the colonic mucosa of patients with UC, histological
assessments of UC lesions for carcinomatous changes are often
challenging (3). Therefore, diagnostic markers that can identify
colorectal dysplasia and cancer in the presence of long-standing
colorectal inflammation in UC are sorely needed.

Recently, the expression levels of p53, Ki-67, and chromo-
granin A have been reported to be useful for the diagnosis of
colorectal dysplasia and cancer in UC patients (4-6). Although
mismatch repair deficiency (MMRD) is reportedly associated
with carcinogenic processes in the colon, the significance
of MMRD in colitic cancer remains controversial (7,8).
Additionally, p53 expression has been used primarily as an
early diagnostic marker for colorectal dysplasia and cancer.
However, false positive results due to chronic inflamma-
tion and false negative results despite p53 mutations are
critical issues in the diagnostic evaluation of patients with
UC. Therefore, development of highly sensitive and specific
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diagnostic markers is needed for improved surveillance in this
patient population.

Stathmin 1 (STMN1) is a major cytosolic phosphoprotein
that regulates microtubule dynamics by promoting microtubule
destabilization (9). Intriguingly, increased STMNI expression
has been observed in numerous cancers including colorectal
cancer, and cancer patients with increased STMNI expres-
sion were reported to exhibit aggressive tumor phenotypes
and poor prognosis (10). Therefore, STMNI is considered
potentially useful not only as a cancer biomarker but also
as a novel target for cancer treatment. However, few studies
have investigated the relationship between STMNI expression
levels and clinical features in colorectal dysplasia and cancer
in UC patients.

The purpose of the present study was to determine the
clinical significance of STMNI in colorectal dysplasia and
cancer due to UC. We performed immunohistochemical anal-
ysis on 31 clinical colorectal samples from eight patients with
colorectal dysplasia and/or cancer. Our results demonstrate
the presence of a relationship between STMNI1 expression and
several clinicopathological features, including MMRD status,
rate of Ki-67 positivity, differentiation level, TNM grade, and
UC duration.

Materials and methods

Patients and samples. Eight patients (six males and two
females) with UC who underwent surgical resection in
Gunma University Hospital, Saitama Red Cross Hospital, and
Gunma Prefectural Cancer Center between 1999 and 2014
were included in this retrospective study. The median age
of the patients was 59 years (range 37-76 years). One patient
had only dysplasia. Some patients had two or more tumors,
and all dysplastic and cancerous lesions were evaluated. All
dysplastic lesion samples were only obtained from patients
with high-grade dysplasia; patients with low-grade dysplasia
were not included in the study. This study conformed to
the tenets of the Declaration of Helsinki and was approved
by the Institutional Review Board for Clinical Research at
the Gunma University Hospital (Maebashi, Gunma, Japan).
Patient consent was obtained via the opt-out method. Table I
summarizes patient information. For accurate pathological
diagnosis of dysplastic lesions in UC patients, all dysplasia
and cancer tumor sections were evaluated by a specialized
pathologist, Dr. Yao T (Department of Human Pathology,
Juntendo University Graduate School of Medicine).

Immunohistochemical staining. Paraffin-embedded blocks of
all surgical resection specimens obtained from UC patients
were cut into sections 4 ym in thickness and mounted on
glass slides. Sections were deparaffinized using xylene and
dehydrated in alcohol. Endogenous peroxidase was inhibited
using 0.3% H,0,/methanol for 30 min at room temperature.
Then, the sections were soaked in heated water supplemented
with 0.5% Immunosaver (Nishin EM, Tokyo, Japan) at 98°C
for 45 min. Nonspecific antigens were blocked by serum-free
Protein Block (DAKO, Glostrup, Denmark) at room tempera-
ture for 30 min. Next, the sections were incubated with
primary antibodies against STMNI1 (mouse monoclonal,
1:200; Santa Cruz Biotechnology, Santa Cruz, CA, USA), p53
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Table I. Clinical characteristics of the patients with UC in the
present study.

Characteristics Patient number (n=8)
Age (years)

Median (range) 59 (37-76)

<70/=70 6/2
Sex

Male/Female 6/2
Number of sample

Normal/Dysplasia/Cancer 8/12/11
Differentiation

Poor/Moderate/Well 2/5/4
Stage

/11 2/1

IITA/IIIB 0/2

IIIC/TV 1/1
Duration of disease (years)

Median (range) 15.3 (4-27)

UC, ulcerative colitis.

(mouse monoclonal anti-human [DO-7], 1:100; DAKO), Ki67
(mouse monoclonal anti-human [MIB-1], 1:300; DAKO),
MLHI1 (mouse monoclonal anti-human [ES05]; DAKO),
MSH2 (mouse monoclonal anti-human [FE11]; DAKO),
MSHS6 (rabbit monoclonal anti-human [EP49]; DAKO), and
PMS?2 (rabbit monoclonal anti-human [EP51]; DAKO) at 4°C
for 24 h. After washing with phosphate-buffered saline,
the sections were incubated in Histofine Simple Stain™
MAX PO (MULTI) solution (Nichirei, Tokyo, Japan) for
45 min to visualize primary antibodies. The chromogen
3,3'-diaminobenzidine tetrahydrochloride was applied as a
0.02% solution, which contained 0.005% H,O, in 50 mM
ammonium acetate-citrate acid buffer (pH 6.0). Finally,
nuclear counterstaining was performed using Mayer's hema-
toxylin solution. Negative controls for immunohistochemical
staining involved replacing primary antibodies with phos-
phate-buffered saline in 0.1% bovine serum albumin and
confirming a lack of staining.

Assessment of STMNI, p53, Ki-67, and mismatch repair
protein expression. We evaluated cytoplasmic staining for
STMNI in noncancerous tissues as well as dysplastic and
cancerous tissues from patients with UC. Cytoplasmic STMN1
was scored as follows: 0, no staining; 1+, 1-10% staining; 2+,
11-50% staining; and 3+, 51-100% staining. The optimal cutoff
point was defined as follows: Grades 0 and 1 were consid-
ered negative, and grades 2 and 3 were considered positive.
p53-positive cells were defined as those with a brown-stained
nucleus, regardless of staining intensity. The following four
staining patterns were identified: Positive cells in most of the
lesion (diffuse); positive cells aggregated in a focal area of the
lesion (nested); small numbers of isolated positive cells scat-
tered throughout the lesion (scattered); and negative. Positive
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Figure 1. Expression of STMNI and p53 in the colitic mucosa of patients with UC and colitic cancer. Upper panel: Representative images of H&E staining
in samples of noncancerous tissues as well as dysplastic and cancerous lesions. Middle panel: p53 expression in samples of noncancerous tissues as well
as dysplastic and cancerous lesions. Lower panel: STMNI1 expression in samples of noncancerous tissues as well as dysplastic and cancerous lesions. UC,

ulcerative colitis; STMNI, stathmin 1; H&E, hematoxylin & eosin.

p53 protein expression was defined as either a diffuse or
nested pattern, whereas negative pS3 protein expression was
defined as a scattered pattern throughout the lesion or negative
staining, as described previously (6). The Ki-67 labeling index
was scored as a percentage of positively stained cells. MMRD
was defined as the complete absence of the expression of at
least one MMR protein (MLH1, MSH2, MSH6, or PMS2).

Statistical analysis. The IMP software package (SAS Institute
Inc., Cary, NC, USA) was used to perform all statistical
analyses. Chi-square tests were used to analyze associations
between STMNI1 and p53 expression levels. Wilcoxon's test
was used to analyze associations between STMNI expression
and the rate of Ki-67 positivity. All differences were consid-
ered statistically significant at P<0.05.

Results

Immunohistochemical analysis of STMNI expression in
colorectal tissue specimens of patients with UC. As STMNI1
was expressed in the cytoplasm of colorectal tissue sections
obtained from patients with UCs, cytoplasmic STMN1 expres-
sion was evaluated in sections of noncancerous tissues as well
as dysplastic and cancerous lesions from eight patients with UC.
STMNI1 was highly expressed in the cytoplasm of dysplastic as
well as cancerous tissue sections, whereas cytoplasmic STMNI1
staining could not be detected in noncancerous tissue sections
(Fig. 1). In contrast, pS3 expression, which was identified previ-
ously as a clinical diagnostic marker for colorectal dysplasia
and cancer, was absent in the dysplastic and cancerous sections

of some UC patients in the present study. Importantly, these
pS53-negative sections were positive for STMNI, based on
immunohistochemical analysis (Fig. 1).

Significance of the expression levels of STMNI, p53, Ki-67,
and MMR proteins in the colonic mucosa of patients with
UC. Next, we analyzed the relationships among STMNI1 and
p53 expression levels, Ki-67 labeling index, MMRD, level
of differentiation, TNM stage, and duration of disease in 31
colitic mucosa samples from eight patients with UC. Table 11
summarizes clinicopathological characteristics and results
of immunohistochemical analysis of these samples. In the
study cohort, STMNI1 was highly expressed in dysplastic
as well as cancerous specimens, whereas noncancerous
tissues were not positive for STMNI1 based on immunohis-
tochemical staining (Fig. 2). The rate of STMNI positivity
in 12 dysplastic and 11 colitic cancer tissue sections was
91.7 and 100%, respectively (Fig. 2; Table II). The rate of
p33 positivity in the dysplastic and cancerous tissue sections
were 58.3 and 63.6%, respectively. Conversely, the rate of
p53 positivity in the noncancerous tissue sections was 12.5%.
The rate of positive STNMI staining in the cancerous tissue
sections was higher than that of p53 (Fig. 2; P=0.001), and
that the rate of positive STNM1 staining in the dysplastic and
cancerous tissue sections was higher than that of p53 (95.7%
vs 60.9%; Fig. 2; P=0.003). The positive predictive, negative
predictive, and AUC values of STMNI in the dysplastic and
cancerous tissue sections were defined as 100, 83.3%, and
0.97826, respectively. These values were higher than those
of p53, which were 93, 47.4%, and 0.73261 respectively.
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Table II. Clinicopathological characteristics in ulcerative colitis patients with high-grade dysplasia and colitic cancer.
Ki-67
Pathological positive T
diagnosis Location p53 STMNI MMRD rate (%) Differentiation factor N factor M factor Stage
Case 1
Normal Ce + - - 30 - - la Negative  IIIB
Dys Ce + + - 10.2
Dys Ce - + - 3.8
Dys Ce - + - 35
Dys A + - - 18.6
Dys S + + - 54
Dys S + + - 4.7
Ca Ce - + - 28.0 Moderate 3
Ca A + + - 10.0 Moderate 4a
Ca S + + - 44.6 Moderate 2
Case 2
Normal D - - - 24.0 - - 2a Negative  IIIC
Dys D - + - 270 - -
Ca A + + + 24.6 Poor 4a
Ca D + + - 63.0 Moderate 1
Case 3
Normal T - - - 46.6 - - la Negative  IIIB
Dys T + + - 39.0
Dys D + + - 490
Ca T + + - 68.8 Moderate 3
Case 4
Normal S - - - 1.8 - - 2a Mi1b IVB
Dys S - + - 51.0
Ca S - + - 63.2 Well 4a
Case 5
Normal S - - - 16.6 - - 0 Negative I
Dys S - + - 734
Ca S + + - 39.8 Well 2
Case 6
Normal S - - - 5.6 - - 0 Negative IIC
Ca S - + - 26.6 Poor 4b
Case 7
Normal T - - - 40.0 - - - - -
Dys RS + + - 86.2
Case 8
Normal Rb - - - 14 - - 0 Negative I
Ca D - + - 49.8 Well 1
Ca Rb - + - 12.2 Well 2

MMRD, mismatch repair deficiency; Dys, dysplastic specimen; Ca, cancerous specimen; STMNI1, stathmin 1; Ce, cecum; A, ascending colon;

T, transverse colon; D, descending colon; S, sigmoid colon; RS, rectosigmoid; Rb, lower rectum.

Furthermore, the median Ki-67 labeling index in sections  Discussion
with high STMNI1 expression (33.5%, 22/31) was higher than

that in sections with low STMNI1 expression (16.6%, 9/31;  In the present study, we observed that 95.7% of sections of
Fig. 3; P=0.04). Only one colitic cancer sample was identi-  dysplastic and cancerous tissues from all patients with UC
fied as mismatch repair-deficient in this study (Table II). were positive for STMNI staining. In contrast, p53, which is
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Figure 2. Rate of positivity for STMNI and p53 staining in samples from eight noncancerous tissues from eight patients, twelve dysplastic lesions from six
patients, and eleven colitic cancer lesions from seven patients among a total of eight patients with ulcerative colitis. “P=0.011 and “P=0.003, as indicated.
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Figure 3. Relationship between Ki-67 labeling index and STMN1 expression in 31 colitic mucosa samples obtained from eight patients with ulcerative colitis.
The Ki-67 labeling index among samples with high STMN1 expression (n=22) was higher than that of samples with low STMNI1 expression (n=9; ““P=0.04,
as indicated). Horizontal lines indicate mean values for each group. STMNI, stathmin 1.

the currently used diagnostic marker for colorectal dysplasia
and cancer, was expressed in only 60.9% of the sections of
dysplastic and cancerous lesions. Moreover, STMNI1 expres-
sion observed in the colonic mucosa as well as the dysplastic
and cancerous lesions of eight patients with UC in the current
study was associated with a high rate of Ki-67 positivity, a
marker of proliferation.

Our data were consistent with previous studies reporting
the rate of p53 positivity as 45.0-77.8% in dysplastic lesions and
57.0-90.9% in colitic cancer among patients with UC (4-6,11).

Additionally, in the current study, STMNI expression was
detected in 95.7% of sections of dysplasia and cancerous
lesions; further, STMNI expression was not detected in any
section of noncancerous lesions. These observations suggest
that STMNI1 expression might be more accurate and useful
than the current diagnostic marker, p53, for the diagnosis of
dysplasia and cancer in patients with UC.

Colitic cancer secondary to chronic inflammation due to
UC presents a clinically significant problem (12), and total
colonoscopy is often used for the surveillance and diagnosis of
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colitic cancer in affected patients. However, less invasive and
low-cost clinical modalities are needed to avoid invasive colo-
noscopy procedures, which are associated with high medical
costs relative to laboratory tests in general. Elevated STMN1
levels in serum and urine samples from patients with bladder
cancer support its utility as a cancer biomarker (13). Future
studies are necessary to assess whether elevated STMNI1
expression in liquid samples from patients with UC can be
utilized as a new marker to predict the presence of dysplasia
and colitic cancer.

p53 staining patterns are generally classified as diffuse,
sporadic, scattered, or nested. Because the region observable
in an endoscopic biopsy is limited, assessments of biopsy
samples from patients with UC based on p53 staining might
overlook colitic cancer and dysplasia using this classifica-
tion. In the current study, we observed that STMNI stained
uniformly within entire cancerous lesions, further providing
support for STMNI staining of biopsy samples as a useful
marker of dysplasia and colitic cancer in UC.

Previously, it was reported that 67% of colitic cancer
samples showed high-level MSI (microsatellite instability)
phenotypes as MMR protein deficiency (7). However, 9.1%
of colitic cancer samples were reported to show MMR
deficiency (8). The MMR frequency in colitic cancer was
different in each report and the association of MMR with
colitic cancer is controversial. In the present study, we evalu-
ated for the first time the association between expression of
STMNI1 and MMR deficiency; however, we detected MMR
deficiency in only one sample and we were unable to perform
sufficient statistical analysis using our limited data. In the
future, multi-centric large cohort analyses will be required
to clarify the relationship between STMNI1 and MMR defi-
ciency, although sample collection will present difficulties as
colitic cancer is rare.

Zhang et al (10) reported previously that the rate of
STMNI positivity was 62.9% in colon cancer samples from
non-UC patients. However, this rate in the present study
was 100%. In contrast to colon cancers in non-UC patients,
colitic cancer has been reported to be in accordance with the
dysplasia-carcinoma sequence hypothesis, which is associated
with a higher p53 mutation rate in dysplasia and colitic cancer
in UC patients than that in non-UC patients (14). Interestingly,
mutant pS3 was reported to induce STMNI expression (15).
Therefore, it was suggested that the difference in p53 mutation
rate between colitic cancer and sporadic colon cancer influ-
ences the high rate of STMNI positivity in colitic cancers.

This study had several limitations. First, the limited number
of subjects in this study may have contributed to less detection
power in this study. Second, we did not compare the expres-
sion significance of STMNI in colon cancer from UC patients
with that from non-UC patients using the same immunohisto-
chemical method. Third, we did not implement any functional
studies on the relationship between colon cancer-related genes,
including STMNI1 and colon cancer, using cell lines derived
from colitic cancer patients.

Elevated STMNI expression was observed in dysplastic
lesions from patients with UC. Our data suggest that STMN1
expression in the colonic mucosa of patients with UC might be
useful as an early diagnostic marker of dysplasia and colitic
cancer.
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