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Abstract

Background Pituitary tumor-transforming gene-1
(PTTG1) is a transcription factor that can affect tran-
scriptional activity, angiogenesis, and cell senescence. We
examined PTTG1 mRNA and protein expression in gastric
cancer (GC) cell lines and tissues to determine its value as
a biomarker for GC diagnosis and therapy.

Methods PTTGI mRNA expression from 78 GC cases
and paired adjacent normal mucosa (PCR cohort) as well as
from five gastric cell lines was assessed using qRT-PCR.
Nuclear and cytoplasmic RNA were extracted from two
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gastric cell lines to determine PTTG1 mRNA localization.
PTTGI] protein expression from 98 GC cases, their paired
adjacent normal mucosa, and 23 gastric intraepithelial
neoplasia (GIN) cases was examined using immunohisto-
chemistry (IHC cohort). The correlation between PTTGI
mRNA and protein expression and GC clinicopathological
parameters was analyzed.

Results PTTGI mRNA expression in GC tissues and cell
lines was significantly increased compared with adjacent
normal gastric mucosa and normal gastric mucous cell lines
(p < 0.05). PTTG1 expression was nuclear and cytoplasmic,
with higher cytoplasmic expression. PTTG1 immunostaining
significantly differed in GC (95.66 £ 20.65), GIN
(84.00 £ 34.16), and normal adjacent mucosa (28 & 22.25)
(p < 0.001). Multivariate Cox regression analysis revealed
that PTTG1 mRNA and protein expression are independent
prognostic factors for GC patient survival.

Conclusion Our results suggest that PTTGI is a promis-
ing target for GC diagnosis and therapy.

Keywords Gastric cancer - PTTG1 -
Immunohistochemistry - Prognosis

Introduction

Although the worldwide gastric cancer (GC) incidence is
declining, it remains the second leading cause of cancer
mortality worldwide [1]. The overall 5-year survival rate of
GC patients ranges from 10 % to 30 % [2]. GC prognosis
is related to numerous factors. There has been increasing
interest on identifying new prognostic GC biomarkers to
predict its biological behavior. Novel biomarkers can also
improve treatment design and aid in the development of
new therapeutic targets.
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Pituitary tumor-transforming gene-1 (PTTG1), also
known as securin, encodes a regulatory protein that partic-
ipates in cellular pathways involving cell division, chro-
mosome stability, and DNA repair. PTTGI is a transcription
factor that affects transcriptional activity, angiogenesis, and
cell senescence by directly binding to DNA or interacting
with proteins, including p53, fibroblast growth factor 2, p21,
and MMP [3-5]. PTTG1 was originally isolated from rat
pituitary tumor cells [6] and was subsequently reported to be
overexpressed in a variety of tumors, including pituitary,
ovary, colon, lung, breast, adrenal gland, and testis [7-13].
PTTGI1 expression is correlated with the biological behavior
of various tumors, suggesting its potential as a prognostic
biomarker and therapeutic target.

The few available reports concerning PTTG1 expression
in GC have shown inconsistent results [14—16]. In the
present study, we investigated PTTG1 mRNA and protein
expression in GC cell lines and tissues using quantitative
real-time polymerase chain reaction (qRT-PCR) and
immunohistochemistry (IHC). Our results suggest that
PTTGI1 overexpression is an independent prognostic GC
biomarker.

Methods
Tissue samples and tissue microarray (TMA)

The fresh tissue samples used in this study were obtained
from 78 patients with GC who underwent gastrectomy
with lymph node dissection (PCR cohort) and stored at
the Fudan University Shanghai Cancer Center tissue
bank between 2007 and 2011. Resected cancer tissues
and paired adjacent normal mucosa were snap-frozen in
liquid nitrogen and stored at —80 °C until RNA prepa-
ration. Formalin-fixed, paraffin-embedded (FFPE) speci-
mens from 98 GC and 23 GIN cases (IHC cohort) were
retrieved from the Department of Pathology of Fudan
University Shanghai Cancer Center archives between
2009 and 2011. All case diagnoses were histopathologi-
cally confirmed. No patient in this study was treated
preoperatively. All GC case clinicopathological features
were assessed (Table 1). The average follow-up time was
37.57 months (median, 36 months; range, 4-78 months).
The tumor grades were defined in accordance with the
criteria outlined by the World Health Organization
(WHO) Classification of Tumors of the Digestive Sys-
tem, 2010 edition [17]. Lauren criteria were applied to
classify tumors into intestinal type and diffuse type [18].
Tumors were staged according to the criteria enumerated
in the AJCC Cancer Staging Manual, seventh edition
[19]. The characteristics and descriptive statistics of the
fresh tissue cohort and FFPE tissue cohort are listed in
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Table 1. This study was approved by The Clinical
Research Ethics Committee of Fudan University Shang-
hai Cancer Center and was performed in accordance
with the ethical guidelines of the Declaration of Helsinki.

Cores (1 mm in diameter) from FFPE blocks were
obtained for TMA construction. For each GC case, four
cores (two suitable cancer foci and two adjacent normal
epithelial foci) were inserted into the recipient paraffin
blocks. For GIN cases, two representative cores per case
were obtained. Following histological examination, a
pathologist determined the locations of all obtained foci.

Cell culture

Six human GC cell lines, including MGC-803, AGS, HGC-
27, SGC7901, MKN-45 BGC-823, and a normal human
gastric mucous cell line, GES-1, were obtained from the
Chinese Academy of Science cell bank or the American
Type Culture Collection (Manassas, VA, USA). All cell
lines were grown in Dulbecco’s modified Eagle’s medium
supplemented with 10 % fetal bovine serum and 2 mM L-
glutamine (Invitrogen, Carlsbad, CA, USA) at 37 °C in a
10 % CO, atmosphere.

Localization

Nuclear and cytoplasmic RNA were separately extracted
from the AGS and SGC7901 cell lines using the PARIS
(Protein and RNA Isolation System) Kit (Life Technolo-
gies, USA). Briefly, cells were washed with phosphate-
buffered saline (PBS) and incubated on ice with cell frac-
tional buffer. Nuclear and cytoplasmic fractions were then
separated. RNA was extracted from the separate lysates by
adding ethanol. Nuclear and cytoplasmic RNA were con-
verted to cDNA and analyzed by qRT-PCR. Three genes
were used as controls. Of the control genes, glycer-
aldehyde-3-phosphate  dehydrogenase (GAPDH) was
expressed in both the nucleus and cytoplasm. The mito-
chondrial gene MT RNR1 was expressed in the cytoplasm,
whereas the nuclear transcript U6 was expressed in the
nucleus. B-Actin was used for normalization. The primer
sequences are listed in Supplementary Table 1.

Quantitative RT-PCR

To assess PTTG1 RNA expression, total RNA from tissues
of PCR cohort as well as cultured cells was extracted using
Trizol (Invitrogen) according to the manufacturer’s
instructions. Then, the total RNA was reverse transcribed
into cDNA using the PrimeScript RT reagent Kit (Takara,
Dalian, China). The resulting cDNA was subjected to
SYBR Green-based quantitative PCR analysis as
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Table 1 Clinical characteristics

- ‘ Clinicopathological feature
of gastric cancer patients

Cohort 1 (RT-PCR group)
Number (%)

Cohort 2 (IHC group)
Number (%)

Age (years)
<60
>60
Gender
Male
Female
Tumor mass size
<5 cm
>5cm
Location
Upper stomach
Middle stomach
Lower stomach
Entire stomach
Histological grade
Well or moderate
Poor or other
Lauren classification
Intestinal type
Diffuse type
Mixed type
pT stage
pT1
pT2
pT3
pT4
pN stage
pNO
pN1
pN2
pN3
Peritoneal metastasis
Absent
Present
Vascular invasion
Absent
Present

Nervous invasion

36 (46.2)
42 (53.8)

63 (80.8)
15 (19.2)

26 (33.3)
52 (66.7)

18 (23.1)
21 (26.9)
30 (38.5)
9 (11.5)

18 (23.1)
60 (76.9)

41 (52.5)
32 (41.0)
5(6.5)

5 (6.4)
12 (15.4)
11 (14.1)
50 (64.1)

26 (33.3)
5 (6.4)

18 (23.1)
29 (37.2)

63 (80.8)
15 (19.2)

36 (46.2)
42 (53.8)

34 (43.6)
44 (56.4)

51 (65.4)
27 (34.6)

42 (42.9)
56 (57.1)

77 (78.6)
21 (21.4)

33 (33.7)
65 (66.3)

19 (19.4)
29 (29.6)
35 (35.7)
15 (15.3)

26 (26.5)
72 (73.5)

52 (53.1)
42 (42.8)
4 (4.1)

4 (4.1)

13 (13.3)
13 (13.3)
68 (69.4)

19 (19.4)
15 (15.3)
26 (26.5)
38 (38.8)

75 (76.5)
23 (23.5)

39 (39.8)
59 (60.2)

42 (42.9)
56 (57.1)

55 (56.1)
43 (43.9)

Absent
Present
Recurrence
RT-PCR real-time polymerase Absent
.chain rea(;tion, IHC Present
immunohistochemistry

previously described [20]. Real-time PCR was performed
in triplicate including no-template controls. The amplifi-
cation of the appropriate product was confirmed using
melting-curve analyses. Relative PTTG1 expression was

calculated using the comparative cycle threshold (Ct)

(2 — AACT

) method. GAPDH was used as the endogenous

control for data normalization. The primer sequences are

listed in Supplementary Table 1.
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Immunohistochemistry and scoring

Sections 4 um thick were dewaxed and rehydrated using
xylene and ethanol. Heat-induced antigen retrieval was
performed in a pressure cooker. Then, the sections were
incubated with anti-PTTGI1 antibody (1:300) (ABSS511;
Millipore, USA) overnight at 4 °C. The secondary antibody
(PV 9000; Beijing Zhongshan Bio-tech, China) was incu-
bated for 30 min to visualize positive signals. The appro-
priate positive and negative controls were also stained.
Positive staining was observed in the nucleus and cyto-
plasm. For noninformative TMA samples (i.e., samples
with <500 tumor cells per case, lost samples, or samples
with too few tumor cells), IHC staining was analyzed using
whole tissue slides. The “H-Score” [21] was determined to
evaluate immunoreactivity. Briefly, more than 200 tumor
cells were independently evaluated in each case by two
authors. For each section, the stain intensity was scored as
0, 1, or 2 corresponding to the presence of negative, weak,
and strong brown staining, respectively. The final score of
a section was generated using the following formula:
H score = 0 x (% of negative cells) + 1 x (% of weakly
stained cells) 4+ 2 x (% of strongly stained cells). Finally,
a score within the range of 0 to 200 was obtained.

Statistical analyses

When there were two experimental groups, statistical sig-
nificance was analyzed using Student’s ¢ test, the Pearson
¥* test, and the Wilcoxon test. When there were more than
two groups, one-way analysis of variance (ANOVA) was
used to evaluate the data. Variables with a p value <0.05 in
the univariate analysis were used in the subsequent multi-
variate analysis using the Cox proportional hazards model.
Survival rates were calculated using the Kaplan—Meier
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Fig. 1 Pituitary tumor-transforming gene-1 (PT7G/) mRNA expres-
sion in cell lines. a PTTGl mRNA expression was significantly
increased in four gastric carcinoma (GC) cell lines compared with the
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method with log-rank test performed for comparisons.
Two-sided p values were used, and p < 0.05 was consid-
ered statistically significant. All analyses were performed
using SPSS 20.0 software (IBM, SPSS, Chicago, IL, USA).

Results
PTTG1 mRNA expression in cell lines and tissues

We initially detected PTTG1 mRNA expression in gastric
cell lines using qRT-PCR. Compared with the normal
gastric mucous cell line GES-1, four of six GC cell lines
had significantly increased PTTGI expression (p < 0.001).
No significant differences were observed for MGC-803
(p = 0.424) and AGS (p = 0.056) (Fig. la). In tissues
obtained from 78 GC patients, PTTGl mRNA expression
in cancer tissues from 57 patients was significantly
increased compared with the adjacent normal gastric
mucosa tissue (p < 0.0001) (Fig. 2a, b).

PTTG1 mRNA localization

The three control genes, GAPDH, MT RNRI, and U6,
displayed the expected expression patterns (Fig. 1b) in AGS
and SGC7901 cell lines. PTTGI was expressed in the
nuclear and cytoplasmic fractions. The ratio of cytoplasmic
expression to nuclear expression averaged 1.5. These results
suggest that PTTGI1 exhibits nuclear and cytoplasmic
expression, with slightly higher cytoplasmic expression.

IHC

PTTG] protein expression in GC, normal adjacent mucosa,
and GIN tissues of PCR cohort was evaluated using IHC.

2.5
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I
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1.5

1.0

0.5 -

7/77.

0.0 - w22
MT RNR1 uUs

GAPDH

PTTG1

normal gastric mucous cell line. b PTTG1 was localized to the
nucleus and cytoplasm. Three control genes and PTTG1 expression in
total (7) RNA, nuclear (N) RNA, and cytoplasmic (C) RNA
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Fig. 2 PTTG1 mRNA expression in GC and adjacent normal tissues.
a PTTG1 was significantly overexpressed in cancerous tissues relative
to their adjacent normal mucosa in 78 GC patients. Expression levels
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Fig. 3 Cytoplasmic PTTGI protein expression in GC, gastric intra-
epithelial neoplasia (GIN), and adjacent normal mucosa. Represen-
tative photographs of anti-PTTG1 antibody cytoplasmic staining

Positive signals were observed in the nucleus and cyto-
plasm (Figs. 3, 4). The PTTGI1 cytoplasmic expression H
scores in GC (95.66 £ 20.65), GIN (84.00 £ 34.16), and
adjacent normal mucosa (28.00 £ 22.25) were signifi-
cantly different (p < 0.001, Fig. 3). PTTGI nuclear
expression was observed in scattered individual cells in GC
and GIN tissues, and the H score in the former
(2.38 £ 0.79) was significantly higher than the latter
(1.91 £ 0.81, p = 0.006). No positive nuclear staining was
noted in adjacent normal mucosa. In positive GC tissue,
cytoplasmic expression was much higher than nuclear
expression (p < 0.0.001). Cytoplasmic and nuclear immu-
nohistochemical PTTGI staining images of representative
GC, GIN, and normal colorectal mucosal tissue samples
are presented in Figs. 3 and 4. The fibrous tissue and
smooth muscle cells interweaving in gastric glands and
tumor cells were PTTGI negative; less than 5 % of

intensity indicate strong (a) and weak (b) staining in GC, strong
staining in GIN (c), and weak staining in adjacent normal mucosa (d)

lymphocytes that infiltrated in the stroma were PTTGI
positive.

Correlation and Cox regression analysis

The correlation analysis determined that no gastric clini-
copathological parameters correlated with PTTGl mRNA
and protein expression (p > 0.05; Table 2). PTTGI1
expression levels in tumor tissues were categorized as low
or high relative based on the Youden’s index. The Kaplan—
Meier analysis determined that the mean survival time for
GC patients with low PTTG1 mRNA expression levels was
62.6 months compared with 34.8 months for patients with
high PTTG1 mRNA expression (p < 0.0001, log-rank test;
Fig. 5, Table 2). Cytoplasmic PTTGI protein staining also
showed the mean survival time of patients with a low score
(60.20 months) was longer than that of those with a high
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Fig. 4 Nuclear PTTGI protein
expression in GC, GIN (GIN),
and adjacent normal mucosa.
Representative photographs of
anti-PTTGI antibody nuclear
staining intensity show (arrows)
scattered positive nuclei in GC
(a) and GIN (b). IHC
immunohistochemistry

IHC score
N
1

T
Gastric cancer GIN

Table 2 Univariate and multivariate analyses of clinicopathological factors for disease-specific survival in gastric cancer patients (PCR cohort)

Variable Univariate analysis Multivariate analysis
HR (95 % CI) p* HR (95 % CI) p?

Age (>60/<60) (years) 1.711 (0.862-3.396) 0.125

Gender (male/female) 0.821 (0.455-1.484) 0.515

Tumor size (>5/<5) 1.964 (1.071-3.601) 0.029

Tumor location (diffuse/upper, middle, lower) 1.110 (0.806-1.527) 0.523

Histological grade (poor, other/well, mod) 1.448 (0.610-2.164) 0.669

Lauren classification (intestinal/diffuse) 1.457 (0.784-2.707) 0.234

Depth of tumor (T3, T4/T1, T2) 1.875 (1.222-2.875) 0.004

Vascular invasion (present/absent) 1.819 (0.969-3.415) 0.063

Nervous invasion (present/absent) 2.338 (1.217-4.490) 0.011

Lymphatic metastasis (present/absent) 3.837 (1.696-8.680) 0.001

Peritoneal metastasis (present/absent) 2.216 (1.133-4.335) 0.020

TNM stage (III + IV/I + 1I) 5.424 (2.387-12.327) 0.000 7.705 (3.232-18.369) 0.000
PTTG1 mRNA (high/low) 3.146 (1.506-6.570) 0.002 4.470 (2.051-9.742) 0.000

HR hazard ratio, CI confidence interval
% All statistical tests were two sided; significance level p < 0.05

score (39.18 months). Correlation analyses did not reveal
any significant correlations between PTTG1 immunoreac-
tivity and clinicopathological parameters. Furthermore, the
multivariate Cox regression analysis determined that both
PTTG1 mRNA (Table 2) and protein (Supplementary
Table 2) expression is an independent prognostic variable
for GC patient survival.

Discussion

In human normal tissues, PTTGl mRNA is strongly
expressed in adult testis and thymus, whereas it is weakly
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expressed in colon, small intestine, brain, placenta, and
pancreas [6]. As a mammalian securin, PTTG1 protein acts
as an inhibitor of separase, a protease that regulates the
separation of sister chromatids during mitosis [22]. PTTG1
overexpression is associated with increased invasion,
metastasis, and vascularity in various tumor types [23].
Therefore, PTTGI is considered an oncogene, and a recent
study revealed that it acts as a tumor suppressor gene in
breast cancer [24]. PTTG1 mediated this tumor suppression
activity by inducing chromosome instability, genetic
instability, and the expression of other oncogenes [25].
PTTGI is thought to perform its function in the nucleus.
However, cytoplasmic PTTG1 has been observed in
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Fig. 5 Kaplan—Meier survival curves stratified by PTTG1 expression level in polymerase chain reaction (PCR) cohort and immunohistochem-
istry (IHC) cohort. The p value was calculated using the log-rank test. HR hazard ratio

various cell lines and tumor types [26, 27]. The mitogen-
activated protein kinase (MAPK) pathway and PTTG-
binding factor (PBF) are reportedly involved in the trans-
location of PTTG from the cytoplasm to the nucleus [28,
29]. In gastric cell lines, we observed that PTTGI protein
was primarily expressed in the cytoplasm but that it was
also expressed in the nucleus. Consistently, PTTG1 anti-
body immunostaining was predominantly cytoplasmic but
also nuclear in GC and GIN tissues.

In the present study, using GAPDH as the normalization
control, we determined that PTTG1 mRNA expression
levels in tumor tissues from 78 GC cases were significantly
higher than in the corresponding adjacent normal gastric
mucosa tissue. Some of the tumor samples in this study
may be contaminated by stroma. However, compared to the
highly expressed PTTG1 in gastric glands and tumor cells,
the PTTG1 negative fibrous tissue and scattered positive
lymphocytes (<5 %) will not interfere the result of statis-
tical analysis. In the six human GC cell lines, four cell lines
exhibited significantly higher PTTGl mRNA expression
than their lower counterparts. Consistent with the mRNA
expression data, PTTG] immunostaining, both in cyto-
plasm and in nucleus, revealed significantly higher
expression in GC tissues compared with adjacent normal
gastric mucosa. PTTG1 immunostaining in GIN tissues
was increased compared with adjacent normal gastric
mucosa and reduced compared with GC tissues, which
suggests that PTTGI1 protein expression increases during
GC development. These results also suggest that PTTGI is
a potential biomarker for GC diagnosis.

PTTGI1 overexpression is correlated with tumor inva-
sion, metastasis [23, 30], poor survival [12], and histo-
logical grades [31] in various cancers. In contrast to these
reports, our study failed to discover a significant correlation
between gastric clinicopathological parameters and PTTG1

mRNA and protein expression. Cox regression analysis
determined that PTTG1 mRNA expression is an indepen-
dent factor for predicting GC survival.

Three previous studies have investigated PTTGI1
expression in GC with inconsistent results. Of these stud-
ies, Yamada et al. reported no significant difference in
PTTG1 mRNA expression between GC and noncancerous
gastric mucosa [16]. The sampling method, which was not
described in detail, or other factors, such as small sample
size (only 30 cases), might have contributed to their neg-
ative result. The other two studies examined PTTGI1
expression in GC using immunohistochemistry [14, 15].
Consistent with our results, these groups reported PTTG1
overexpression in GC. In addition, the studies indicated
that PTTG1 expression correlated with differentiation,
clinical classification, lymph node metastasis, and histo-
logical type or the infiltration depth in GC; however, our
results did not support these correlations. This discrepancy
may be the result of the use of different antibody clones
and scoring methods. Further investigation is needed to
confirm the relationship between PTTG1 and GC clinical
features.

Published studies have not reported PTTG1 expression
in GIN, a precancerous lesion. In the present study, our
results revealed that PTTG1 protein expression levels in
cancer tissues were higher than intraepithelial neoplasia
tissues. Moreover, PTTG1 protein expression levels in
intraepithelial neoplasia were increased compared with
adjacent normal tissues. These results suggest that PTTG1
expression increases during the malignant transformation
process and suggests that PTTG1 may contribute to
tumorigenesis and progression. These results reveal the
potential utility of PTTGI as a therapeutic target.

In summary, we present evidence that significant
PTTG1 overexpression, both at the mRNA and protein
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levels, occurs in GC cells in vitro and in vivo. Elevated
PTTGI expression in GIN and cancer suggests that PTTG1
might have a potential role in early cancer diagnosis.
PTTG1 mRNA expression is also an independent prog-
nostic GC biomarker. Our results indicate that PTTGI1
might serve as a promising target for GC diagnosis and
therapy.
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