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Abstract: Objectives: Association of MTA2 expression with presence, development, metastasis and prognosis of
colorectal cancer (CRC) was investigated. Methods: 90 CRC-related cases with follow-up information were made
into tissue microarrays according to the paired principle of cancer tissues and the adjacent tissues. Subsequently,
the expression of MAT2 was detected with immunohistochemical analysis and SPSS software was finally utilized to
analyze the relationships between experimental data and clinical indicatives. Results: Expression of MTA2 in CRC
tissues were notably higher than their adjacent tissues (P < 0.001) and showed significant positive correlation with
tumor grade (r? > 0, P < 0.01). Moreover, survival analysis indicated that MTA2 expression in cancer tissues, serv-
ing as an independent correlation factor, was significantly correlated with poor prognosis (P = 0.004). Conclusions:
MTAZ2 is a crucial biomarker that is closely related with prognosis of CRC and also a potential molecular target for

evaluating the prognosis and treatment of CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancers in the world, and it has high death
ratio, which ranks as the fourth deadliest malig-
nancy after lung, stomach, liver cancer.
Clinically, more than one million people were
diagnosed as CRC every year and the number
of deaths grew rapidly from 490,000 in 1990
to 715,000 in 2012 [1]. Meanwhile, approxi-
mately 60% colorectal patients were died of
tumor distant metastasis. Therefore, we can
reduce CRC mortality if we find an effective
prognostic biomarker related with the progres-
sion and metastasis of CRC.

Distant metastasis is a complex process, which
is regulated by multiple pathways and involved
several gene products. However, the potential
metastasis mechanisms in CRC are still not
clearly understood. It is found that CRC cell dis-
semination was the result of a serious of events
including extracellular matrix remodeling, inva-
sion, which were regulated by metastatic medi-
ators [2, 3]. In recent years, Li et al. discovered

that metastasis associated protein 1 (MTA1)
which was acted as a main regulator of tumor
transformation played a critical role in the prog-
ress of CRC [4]. MTA1 was firstly found in the
adenocarcinoma cell lines of rat breast, and
then detected in many solid tumor types of
human, such as ovarian cancer, endometrial
cancer, and breast cancer [5-7]. Meanwhile, the
association between poor prognosis and
expression of MTA1 had also been discovered
[8]. MTA1 belongs to the family member of MTA
protein (including three subtypes: MTA1, MTA2,
MTA3) and relates with the nucleosome remod-
eling and histone deacetylation (NuRD) com-
plex, which regulate transcription via histone
deacetylation and chromatin remodeling [8]. In
addition to DNA binding domains, MTA1 also
has two srchomology (SH)-binding domains
played roles in signal transduction and one
bromo adjacent homology (BAH) involved in the
interactions between protein and protein [9,
10]. Similarly, MTA2 has high homology with
MTA1 in the sequence of amino acid, and it is
also an important part of NuRD complex [11,
12]. MTA2 was overexpressed in the metastatic
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cell lines of breast and prostate cancer through
the studies of gene expression [12, 13].
Overexpression of MTA2 in the level of tran-
scription was also discovered in other solid
cancers (e.g. gastrointestinal cancer), and it is
also related with tumor metastasis [14]. The
study did by Yao et al. found that inhibition of
MTA2 expression could lead to growth inhibi-
tion of cancer cells [15]. These results showed
that MTA2 might play a critical role in the growth
of cancer cells and migration. However, the
relationship between function of MTA2 and
CRC is still unclear.

In the present study, we aimed to assess the
correction between biological function of MTA2
and the progression, migration, and prognosis
of CRC via immunohistochemical method and
Tissue Microarrays.

Materials and methods
Source of samples

The study sample was consisted of 90 patients
with colorectal cancer, which was obtained
from tissue specimen bank within Shanghai
biological technology co., LTD. The patient oper-
ation time was during July 2006 to May 2007,
the last follow-up time of seven of them was
August 2012 (loss to follow-up), and then the
rest 83 patients were followed-up until August
2014. All the patients were pathologically diag-
nosed with colorectal cancer and without any
pre-surgery treatment. There were 47 males
and 43 females with median age 57 years.
Each study specimen was provided with cancer
tissue and adjacent-carcinoma tissue which
was 1.5 cm distanced from cancer.

Tissue chip production

The tissue chip was produced by Shanghai
super biological technology co., LTD. After all
provided tissue wax block were conducted rou-
tine pathological hematoxylin-eosin(HE) stain-
ing, secondary diagnosis was performed by
pathology experts, and tagged the typical path-
ological parts on HE sliced. Using tissue chip
production apparatus (Beecher Instruments,
Inc) receptors in wax block (blank wax block) to
punch holes (1.5 mm) in diameter, then accord-
ing to the tag position on the HE slice, the cor-
responding tissue was obtained from donor tis-
sue wax block. Then the target tissue chip was
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put into the array aperture of receptor wax
block. Repeating above steps, finally, a colorec-
tal cancer tissue and matched adjacent tissue
containing 180 array block points (HCol-
Adel180Sur-04) was completed. Slicer (Leica,
Germany) was used in 4-5 um thickness serial
section, section was attached to the glass slide
which through overhand slice processing, then
made into tissue microarray.

Immunohistochemical staining

The two-step EnVision method has been con-
ducted to perform immune histochemical
experiments. Three magnification visions ran-
domly observed under optical microscope, the
number of positive cells in no less than 3 x 100
cells was record, then calculate the positive
rate of positive cells to all cells. The dyeing pos-
itive rate was included for the statistical analy-
sis: the positive rate equal or less than 95%
was treated as low expression group, other-
wise, it was included in high expression group.

Statistical analysis

The expression of MTA2 protein in colorectal
cancer and adjacent cancer tissues were com-
pared with paired Wilcoxon test. The associa-
tion between clinical characteristics of colorec-
tal cancer patientsand MTA2 protein expression
were using Pearson and Spearman’s correla-
tion test. The prognostic of colorectal cancer
and MTA2 protein expression were using
Kaplan-Meier survival analysis and log-rank
test for univariate analysis; the significant vari-
ables resulted from univariate test were includ-
ed in the Cox multivariate regression analysis.
The P-value less than 0.05 was considered sta-
tistically significant.

Results
Clinical characteristics of study population

The clinical characteristics of 90 CRC patients
were shown in Table 1. Age and gender of study
subjects were well matched. Similar propor-
tions of patients with tumor size of < 5.0 cm or
> 5.0 cm were observed between two groups.
Approximately 94.4% of CRC patients were cat-
egorized as grade 2 and grade 3. Among CRC
patients, 3, 6, 68 and 11 people were respec-
tively identified as T4, T2, T3 and T4 on the
basis of T staging. According to lymph node
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Figure 1. Expression of MTA2 in nucleus of colorectal cancer tissues (A) and tissues adjacent to colorectal cancer
(B) studied by immunohistochemistry in tissue microarrays. [Original magnification, x 200].

metastasis in N region, 56 CRC patients were
considered as NO and 25 extra patients were
determined as N1, while the remaining 9
patients were regarded as N2. 96.7% of all 90
patients were diagnosed as MO distant metas-
tasis, while another 2 patients received the
diagnosis of M1 distant metastasis. The clini-
cal staging classified the CRC patients into
stage 1 (7 people), stage 2 (47 people), stage 3
(32 people) and stage 4 (2 people).

Expression of MTAZ2 in relation to prognosis of
CRC

The immunohistochemical characteristics of
MTA2 expression in the nucleus of colorectal
cancer tissues and the adjacent tissues (Figure
1) were investigated with the assistance of
paired Wilcoxon test, implying that MTA2
expression in colorectal cancer tissues (1.133
+ 0.342 pg/ml) appeared to be notably higher
than that in the adjacent tissues (0.989 %
0.107 pg/ml).

Additionally, Spearman’s rank correlation anal-
ysis was also conducted to display the relation-
ship between expression of MTA2 in colorectal
cancer tissues and sex, age, tumor size, tumor
grade, T staging, lymph node metastasis in N
region, M distant metastasis and clinical stag-
ing of study subjects (Table 1). Interestingly, it
was found that there existed significantly more
MTA2 in patients who suffer from 2" or 3™
grade of colorectal cancer than those with 1%
grade (r> = 0.236, P = 0.025 < 0.05).
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Moreover, in accordance with follow-up visits
for 90 colorectal cancer cases, 7 defaulters
were statistically analyzed as survivals, who
were ultimately called on in August, 2012; the
follow-up duration until August, 2014 were
available for the remaining 83 cases, among
which 49 patients died of colorectal cancerin a
median follow-up of 22 months (rang, 3-82
months) and another 34 patients still survived
with a median follow-up of 88 months (range,
87-97 months).

With the above statistics, a univariate survival
analysis was conducted with both Kaplan-
Meier survival analysis and Log-Rank statistical
test, indicating that colorectal cancer patients
with lower MTA2 expression in cancer tissues
enjoyed longer life expectancy (P = 0.004) and
significantly higher 5-year survival rate (50.0%)
than those with high MTA2 expression (16.7%)
(Figure 2).

Variables with statistical significance in the uni-
variate analysis were included in a Cox multi-
variate regression analysis, from which conclu-
sions could be drawn that MAT2 expression (P
= 0.001), regional lymph node metastasis (P <
0.001), distant metastasis (P = 0.004) and age
of patients (P = 0.001) were respectively inde-
pendent correlation factors of colorectal can-
cer prognosis (Table 2).

Discussion

In this study, we examined the expression level
of MTA2 in the cancer and adjacent tissues by
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Table 1. Expression of MTA2 in relation to pathologic and clinical

in cancer tissues (16.7%).
Cox multivariate regression

analysis tested all the vari-
p ables with statistical signifi-
cance in the univariate sur-

r2

variables
No. of MATQ.
Variables studied expression
cases ———
Low High

Sex

Male 47 (52.2%) 42 5

Female 43 (47.8%) 36 7
Age (year-old)

<65 34 (37.8%) 5

> 65 54 (60.0%) 6
Tumor size

<5.0cm 46 (51.1%) 39 7

>5.0cm 42 (46.7%) 37 5
Grade

1 5 (5.6%) 5 0

2and 3 85(94.4%) 73 12
T Staging

T1 3(3.3%) 3 0

T2 6 (6.7%) 4 2

T3 68 (75.6%) 61 7

T4 11 (12.2%) 8 3
Lymph node metastasis (N region)

NO 56 (62.2%) 50 6

N1 25 (27.8%) 20 5

N2 9 (10%) 8 1
M distant metastasis

MO 87 (96.7%) 75 12

M1 2 (2.2%) 2 0
Clinical staging

1 7 (7.8%) 6 1

2 47 (52.2%) 42 5

3 32 (35.6%) 26 6

4 2 (2.2%) 2 0

vival analysis, and showed
that MTA2 expression, re-
gional lymph node metasta-
sis, distant metastasis and
age were the independent
correlation variables for the
colorectal cancer prognosis.

0.209 0.048

-0.113 0.294

-0.057 0.598

Cancer metastasis is a com-
plex process involving a
series of events like detach-
ment from primary tumor,
invasion into tissues around
the initial sites, penetration
into blood vessels and lym-
phatics, arriving at the dis-
tant sites, and the formation
of new lesion along with neo-
angiogenesis [16]. The reor-
ganization of cytoskeleton
and interaction with extracel-
lular environment is required
for the cancer metastasis
[17]. It's a sign of cancer
deterioration that pose a
threat to patients’ life due to
limited therapies and treat-
ment available. A number of
metastasis-related genes ha-
ve been identified in various
cancers, such as WDNM1,
WDNM2, KAI-1, MKK4, mst1,
nm23, PGM21, stromelysin-3

0.236 0.025

0.075 0.489

0.090 0.400

-0.024 0.822

0.139 0.196

r2: correlation coefficient. The positive r> means positive correlation, while the nega-
tive r? is indicative of negative correlation. The closer the absolute value of r?is to 1,

the greater the relativity.

immunohistochemical techniques. Our results
showed that the level of MTA2 in the cancer tis-
sues was significantly higher than that in the
adjacenttissues.Subsequently,the Spearman’s
rank-order correlation analysis indicated a pos-
itive correlation between MTA2 level and
colorectal cancer. Moreover, the univariate sur-
vival analysis including the Kaplan-Meier sur-
vival analysis and Log-rank statistical test
revealed that colorectal cancer patients with
lower MTA2 expression in cancer tissues have
a significantly higher 5-year survival rate
(50.0%) than those with high MTA2 expression
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etc [5, 18-24]. Although in
most of cases there’s still
lack of specific mechanism or
direct evidence that may
explain the role of these genes and their encod-
ed products in the process of cancer metasta-
sis, it's observed that these genes were dereg-
ulated in the cancer tissues compared with the
adjacent tissues. MACC1 is one of identified
prognostic indicator for colorectal cancer
metastasis. MACC1 is reported to be involved
in the HGF-MET signaling through regulating
the MET expression [25].

MTA2 is one of metastasis-associated tumor
gene family members and shares high homolo-
gy with another MTA member, MTAL, in the
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Figure 2. Kaplan-Meier survival analysis for a univariate survival analysis.

Table 2. Analysis of independent correlation factors of colorectal cancer prognosis with Cox multivari-

ate regression analysis

Factor Regression coefficient SE Wald DF P-value  Risk 95% Cl

lower upper
X1 expression 1.263 0.395 10.246 1 0.001 3.537 1.632 7.666
Age 1.322 0.382 11.967 1 0.001 3.749 1.773 7927
N metastasis 1.662 0.404 16.936 1 0.000 5.268 2.388 11.624
M metastasis 2.621 0.917 8.477 1 0.004 13.752 2.281 82.916
TNM staging -0.517 0.377 1.882 1 0.170 0.596 0.285 1.248

X1 expression: X1 expression in nucleus of colorectal cancer cells; SE: standard error; DF: degree of freedom; Cl: confidence

interval; Lower: lower limit; Upper: upper limit.

amino acid sequence [26]. The sequential simi-
larity between MTA1 and MTA2 suggest that
MTA2 may have the analogous function as
MTAL. MTA2 also is an essential component of
the nucleosome remodeling and histone
deacetylation complex that may be implicated
in the adenosine triphosphate dependent chro-
matin remodeling and histone deacetylase
activity [27, 28]. The correlation between MTA2
level and malignancies was first revealed in
cervical cancer by Zhang Y et al. [29]. The
altered expression of MTA2 was observed as
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well in the hepatocellular cancer, ovarian epi-
thelial cancer, and non small cell lung cancer
patients [30-32]. However, no report has
reported the association between MTA2 level
and colorectal cancer. In this study, we showed
a significant correlation between elevated
MTA2 level and colorectal cancer. As for its role
in the cancer metastasis, Fu et al. reported a
decreased invasive and metastatic activity of
mouse 4 T1 mammary tumor cells after intro-
ducing MTA2 gene interference, which suggest
the implication of MTA2 in the tumor metasta-
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sis and invasion [33]. The underlying mecha-
nism of MTA2 in the cancer cell metastasis was
not fully understood. Previous studies indicated
that MTA2 is a part of Twist complex and affect
the gene transcription of E-cadherin. Twist
plays important role in the induction of meso-
derm as well as epithelial to mesenchymal tran-
sition [33-35]. The MTA2-containing NuRD
complex is needed to bind with Twist to sup-
press the E-cadherin transcription [33].
Additionally, MTA2 regulates the cytoskeletal
and motility pathways through Rho/ROCK sig-
naling. MTA2 decreases the level of Rho GTP
dissociation inhibitor alpha (Rho GDI«x) and
induces the GTP-bound Rho expression.
Meanwhile, the restore of Rho GDIax or ROCK
inhibitors are able to offset the effect of MTA2-
enhanced migration [36-38]. Barone et al.
showed the knockdown of Rho GDIla may lead
to an elevated level of MTA2 in the ERa-positive
breast cancer cells, which contribute to the
tamoxifen-resistant phenotypes [39]. Collec-
tively, MTA2 is shown to function as an impor-
tant regulator in the process of metastasis. It's
of great clinical value to further elucidate the
specific mechanism of MTA2 in the metastatic
dissemination.

In conclusion, our results showed that high
level of MTA2 may be associated with colorec-
tal cancer metastasis; hence it has great poten-
tial to serve as a prognostic marker to identify
the patients with metastasis. MTA2 may also
be a potential target for the colorectal cancer
treatments.
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