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Abstract

Background Although metastasis-associated protein 1
(MTAT1) has been recently demonstrated as a potent angi-
ogenesis-promoting factor in various malignant tumors, its
angiogenic property in gastric cancer (GC) remains
unclear. This study has detected the expression of MTAI
protein in surgically resected tissues of pathologic NO
(pNO) GC and further investigated its relation with other
clinicopathologic factors and tumor angiogenesis and
prognosis.

Methods MTAL protein expression was detected immu-
nohistochemically in 111 pNO GC specimens. Its correla-
tions with clinicopathologic factors and tumor prognosis
were evaluated. The intratumoral microvessel density
(MVD) was assessed based on CD105 antigen immunore-
activity and analyzed for correlation with MTAT1 protein
expression.

Results Overexpression of MTA1 was detected in
36.04 % of patients and exhibited a significant association
with tumor size and MVD. Survival analysis demonstrated
that both overall (OS) and disease-free (DFS) survivals in
patients overexpressing MTA1 were significantly poorer
than those without MTA1 overexpression 5 years after the
operation (both p < 0.001). Multivariate survival analysis
demonstrated that MTA1 overexpression was an
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independent prognosticator for unfavorable OS and DFS
(p < 0.001, respectively).

Conclusions MTAI1 overexpression is frequently observed
in pNO GC patients and is significantly associated with
increased angiogenesis and poor prognosis. Detection of
MTALI protein expression may help predict the relapse and
prognosis of pNO GC. Also, MTA1 protein may form a novel
target for antiangiogenic therapy.

Introduction

Gastric cancer (GC) is a major public health problem and
the second leading cause of cancer-related death worldwide
[1]. In China, its mortality rate ranks the highest among all
tumors and represents about 25 % of GC mortality
worldwide [2]. Although our understanding of the biologic
and clinical nature of GC and the treatment of this disease
have been significantly improved, the overall 5-year sur-
vival rate after surgical resection has lacked significant
improvement during the past three decades [3, 4]. The
presence of lymph node metastasis is considered one of the
most important prognostic factors for GC [5]. However,
even in histologically node-negative (pNO) GC, some
patients still suffered a recurrence after complete surgical
resection and then have a poor prognosis. To date, there is
no available biomarker routinely used to determine the
prognosis of pNO GC. Hence, better defining the patho-
genesis of GC and exploring novel biomarkers that could
better stratify individuals at increased risk of relapse with
pNO GC are in urgent clinical demand.

Recent advances in GC molecular biology have pro-
vided a variety of biomarkers useful for cancer detection,
progression monitoring, prognosis, and determining the
therapeutic responses [2]. Among them, the MTA1 protein
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was recently identified by differential screening of a cDNA
library from highly metastatic and nonmetastatic rat
mammary adenocarcinoma cell lines. An important com-
ponent of the nucleosome remodeling and deacetylase
(NuRD) complex, MTA1 protein is associated with ATP-
dependent chromatin remodeling and histone deacetylase
activity [6-11]. It has been reported that MTA1 overex-
pression is closely correlated with the invasion of several
human cancers, such as esophageal, lung, breast, prostate,
and colorectal cancers [12-16]. However, the role of
MTAI protein in the relapse and prognosis of curatively
resected pNO GC patients remains unknown.

Previous clinical studies indicated that MTA1 expres-
sion is closely related to tumor angiogenesis [13, 14].
Essential components of the tumor microenvironment, in-
tratumoral microvessels facilitate rapid tumor growth and
potential tumor metastasis [17]. Tumor angiogenesis is also
a significant predictor of hematogenous metastasis and
tumor relapse. For example, high microvessel density
(MVD) was associated with the dismal prognosis of a wide
range of human malignant tumors [18]. However, the
angiogenic role of MTAL1 protein in primary GC has not
yet been investigated.

The present study detected MTA1 protein expression
by immunohistochemistry in patients with pNO GC,
explored its relation with clinicopathologic features as
well as with tumor angiogenesis and prognosis, and
clarified the independent prognostic factors affecting

Materials and methods
Patients and follow-up

A total of 111 sequential patients diagnosed with primary
GC and who had undergone radical resection without
lymph node metastasis at Qilu Hospital of Shandong
University between May 2002 and June 2005 were enrolled
in this study. None of the patients had received adjuvant
therapy before surgery. The tumor specimens were col-
lected and fixed in 10 % buffered formalin solution
immediately after resection. Serial sections (5 um) were
cut from each tissue block and reviewed histologically with
hematoxylin-eosin staining. The tumors were classified
histologically based on the classification system of the
World Health Organization [19] and postoperatively staged
according to the tumor-node-metastasis (TNM) classifica-
tion of the International Union Against Cancer [20]. The
serial sections of each lymph node specimen were patho-
logically examined by meticulous histopathologic analysis
to ensure the accuracy of pNO status of each patient. The
clinicopathologic characteristics of these patients are listed
in Table 1. The patient’s informed consent and approval
from the ethics committee of Qilu Hospital of Shandong
University were obtained prior to the use of patients’
clinicopathologic information and tumor tissues for
research purposes.

All patients underwent follow-up at 3- to 6-month

long-term survival. intervals. The follow-up studies included physical
g?r?ilceo;atgggegliitl\?;i(a)lfbles with Variable IC\L(Z'egOf MTAT protein 4 MVD p
MTAL protein and MVD s No overexpression  Overexpression Low High
Sex 0.516 0.732
Male 87 57 30 51 36
Female 24 14 10 15 9
Age (years) 0.183 0.468
<57 62 43 19 35 27
>57 49 28 21 31 18
Tumor size 0.000 0.085
<5cm 90 67 23 57 33
>5 cm 21 4 17 9 12
Differentiation 0.156 0.000
Well 25 19 6 21 4
Moderate 35 24 11 26 9
Poor 51 28 23 19 32
Invasion depth 0.545 0.782
T1 25 19 6 16 9
T2 64 39 25 38 26
T3 9 4 5
T4 13 5 8 5

MVD microvessel density
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examination, laboratory analysis, computed tomography,
barium esophagography, ultrasonography, and fibrogas-
troscopy if necessary. The site of tumor relapse and time to
recurrence were recorded. Follow-up of all patients was
completed up to December 3, 2010, with the follow-up
ranging from 14 to 80 months (median 67 months).

Immunohistochemical staining of MTA1 and CD105

The tissue sections were dewaxed with xylene and rehy-
drated with graded alcohol. Antigen retrieval was done by
heating at 92-98 °C for 20 min in citrate buffer (pH 6.0).
Sections were then cooled to room temperature and
incubated in 3 % hydrogen peroxide for 10 min to inac-
tivate the endogenous peroxidase. After blocking with
10 % goat serum at 37 °C for 20 min, the primary anti-
bodies against MTA1 (sc-9446; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA USA) and CDI105 (sc-20632; Santa
Cruz Biotechnology) were applied at dilutions of 1:100
[12] and 1:400 [21] respectively in phosphate buffered
solution (PBS) overnight at 4 °C. After incubation with
the horseradish peroxidase-conjugated secondary antibody
at 37 °C for 30 min, antibody binding was visualized by
incubating with substrate 3,3-diaminobenzidine solution.
The sections were counterstained with hematoxylin and
mounted with glycerol gelatin. Sections stained with PBS
instead of the primary antibodies were used as negative
controls.

Interpretation of MTAL1 protein expression and MVD

Two pathologists (Junhui Zhen and Cuijuan Zhang,
Department of Pathology, Qilu Hospital) who were blind to
the patients’ clinicopathologic factors and outcomes,
independently evaluated the GC specimens for MTAI
protein staining. The nuclear expression of MTAI was
scored semiquantitatively by combining the intensity and
the proportion of positively stained tumor cells [12]. The
results were reported as follows: 0, no staining; +, slight
staining; 4+, moderate staining; +++, intense staining.
The cancer tissues scored as ++ and +44- were defined as
exhibiting overexpression of MTAL1 protein.

The MVD was determined by immunostaining for
CD105, which was expressed in the cytoplasm and mem-
brane of endothelial cells. Counting of microvessels in
tissues was performed according to Weidner’s standards
[22]. Briefly, the results were expressed as the mean £+ SD
number of vessels in one 200x microscopic field. The
mean value of the vessel counts in four independent vas-
cular hot spots was considered the final value. At the same
time, any stained endothelial cells were identified as
independent vessels that must be clearly separated from
each other. Furthermore, the blood vessels with a lumen
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diameter exceeding the size of approximately eight red
blood cells were excluded. There was no discrepancy in the
immunostaining results between the two clinical
pathologists.

Statistical analysis

The SPSS version 13.0 software was used for statistical
analyses. Correlations of MTA1 protein expression with
clinicopathologic features were evaluated using the y* test.
The Mann—Whitney test was used to examine the relation
between MTA1 protein expression and MVD. The patient
survivals and their differences were calculated by the
Kaplan—-Meier method and log-rank test. Cox regression
was adopted for multivariate analysis of independent
prognostic factors. Differences with p < 0.05 were con-
sidered significant.

Results
MTAI protein expression in GC

MTAI1 protein was expressed at variable levels and clearly
stained in the cell nuclei. Among the 111 paraffin-embedded
cancer tissues, 40 cases (36.04 %) showed overexpression
(moderate or strong) of MTA1 protein, and 71 cases showed
negative or low expression. The representative cases with
different levels of MTA1 are shown in Fig. 1.

Correlation of MTA1 protein expression
with clinicopathologic factors

MTAI1 protein overexpression was significantly correlated
with tumor size (p < 0.001, Table 1), but not significantly
correlated with gender, age, histological differentiation,
and invasion depth (p > 0.05) (Table 1).

Correlation of MVD with clinicopathologic factors

High MVD was significantly correlated with histological
differentiation (p < 0.001, Table 1), but not significantly
correlated with gender, age, tumor size, and invasion depth
(p > 0.05) (Table 1).

Correlation of MTA1 protein expression with prognosis

At the last follow-up, tumor relapse was found in 42
patients. The relapse patterns are listed in Table 2. Tumor
relapses occurred in 20 of 40 cases with MTA1 overex-
pression and in 22 of 71 cases without overexpression
(p = 0.047, 5° test). Relapse was also seen in 23 of 45
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Fig. 1 Different levels of MTA1 protein expression in representative sections. Intensity was graded as 0, 4+, +4, or +++. (x400)

cases with high MVD and 19 of 66 cases with low MVD
(p = 0.017, %> test). The rate of hematogenous metastasis
among patients with high MVD was 24.4 %, which was
higher than that (20.0 %) among patients with MTALI
overexpression—but without a statistically significant dif-
ference (p = 0.606, y* test).

The overall survival (OS) was 64.0 %, and the disease-
free survival (DFS) was 62.2 %. According to the Kaplan—
Meier analysis, the patients with MTA1 overexpression
had a significantly poorer OS (42.5 vs. 76.1 %, p < 0.001)
(Fig. 2a) and DFS (45.0 vs. 71.8 %, p < 0.001) (Fig. 2b)
compared to those without MTAI1 overexpression. To
determine whether MTA1 overexpression was an inde-
pendent variable for survival probability prediction, we
subsequently performed a multivariate analysis using the
Cox model. It showed that MTA1 overexpression is an
independent prognostic factor for unfavorable OS and DFS
(both p < 0.001) (Table 3).

Correlation of MTAI1 protein expression with tumor
angiogenesis

To evaluate the association between MTAI1 protein
expression and tumor angiogenesis, we examined the MVD
using CD105 immunohistochemical staining. As shown in
Fig. 3, analysis of MTA1 and CD105 protein expressions
in the same serial sections showed that negative or low
expression of MTAI1 protein was associated with few
microvessels, and MTAI protein overexpression was
associated with abundant microvessels (p = 0.001)
(Fig. 4).

Discussion

The current study showed that expression of MTA1 protein
ranged from undetectable to high levels in pNO GC tissues.

Table 2 Tumor relapse

. . Relapse pattern No. of Recurrence also at other sites
patterns in 42 patients patients
Local Peritoneal Lymphatic Hematogenous
recurrence dissemination recurrence recurrence
Local recurrence® 16 - 2 3 2
Peritoneal dissemination 2 -
# One patient had simultaneous Lymphatic recurrence 3 1 - 1
peritoneal dissemination and Hematogenous recurrence 19 2 1 1 _

lymphatic recurrence
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Fig. 2 Prognostic significance of MTAI protein assessed by the Kaplan—Meier analysis and the log-rank test. Patients with MTA1 protein
overexpression had a poorer prognosis in terms of overall (a) and disease-free (b) survival

Table 3 Univariate and multivariate analyses of prognostic variables

Variable Overall survival Disease-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

p 4 95 % CI 4 P 95 % CI1
Sex 0.171 NA NA 0.264 NA NA
Age 0.591 NA NA 0.602 NA NA
Tumor size 0.018 0.606 0.566-2.654 0.032 0.600 0.553-2.788
Differentiation 0.574 NA NA 0.411 NA NA
Invasion depth 0.094 NA NA 0.023 0.918 0.657-1.460
MTAL1 protein <0.001 <0.001 1.771-7.668 <0.001 <0.001 1.770-7.657

CI confidence interval, NA not assessed

Also, its overexpression was significantly associated with
tumor relapse and a poor prognosis. Moreover, MTA1
protein overexpression was significantly associated with
tumor angiogenesis. Thus, the findings in the present study
are highly significant and relevant in the context of pNO
GC. These results indicate that MTA1 protein plays an
important role in tumor angiogenesis and can be considered
a new marker of poor prognosis for patients with pNO GC.

The expression of MTAI1 protein has been studied in
several human solid tumors and was found to be closely
correlated with tumor progression [11-16]. In patients with
esophageal squamous cell carcinoma, overexpression of
MTAI protein was significantly associated with T status
and tumor relapse. MTA1 overexpression was also an
independent prognostic factor of pNO esophageal squa-
mous cell carcinoma [12]. In another report, 67 of 263
breast cancer patients with high MTA1 protein levels were
diagnosed with a tumor of advanced grade [13]. Similar
observations have shown that MTAI1 protein is closely
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related to frequent recurrence, microvascular invasion, and
poor survival of patients with hepatocellular carcinoma
[23].

In the present study, MTA1 protein overexpression was
shown to be associated with tumor size in pNO GC. The
survival analysis demonstrated that both OS and DFS in
patients overexpressing MTA1 were significantly poorer
than those without MTA1 overexpression after the opera-
tion. Furthermore, overexpression of MTA1 was closely
correlated with tumor angiogenesis, which is consistent
with the report on breast cancer [13]. Our results also
demonstrated that MTA1 protein plays an important role in
the hemodynamics and microcirculation of GC and may
represent a potential novel antiangiogenesis therapeutic
target. These findings suggest that MTA1 plays an impor-
tant role in tumor size and angiogenesis and may serve as a
significant independent predictor of both relapse and
prognosis of patients with pNO GC. Our results are con-
sistent with previous a report that measurement of MTAI1
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Fig. 3 MTAI protein and CD105 staining in serial sections showed that low MTA1 protein expression (a) is associated with few microvessels
(c), whereas overexpression of MTAL1 protein (b) is associated with abundant microvessels (d)
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Fig. 4 Tumors with overexpression of MTAI1 protein showed
significantly higher microvessel density than tumors with low
MTAL protein expression (Mann—Whitney test)

protein could effectively identify early-stage lung cancers
that are more likely to recur after surgery [14]. To the best
of our knowledge, this study has, for the first time, dem-
onstrated that MTA1 overexpression has a prognostic role
for pNO GC patients.

Conclusions

The present study has, for the first time, shown that MTA1
protein may have clinical potential to be used as a

prognostic factor to identify pNO GC patients who may be
at high risk of relapse and a poor prognosis. MTAI1
expression is also closely associated with tumor angio-
genesis. These findings suggest that MTA1 protein may be
a prognostic marker and a new therapeutic target for pNO
GC.
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