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Abstract. - OBJECTIVE: To detect expression
of HER2 and SATB1 in paraffin tissues of gastric
cancer, and to investigate their relationship with
clinic pathological factors and prognosis, and
further analyze the correlation between the ex-
pression of SATB1 and HER2.

PATIENTS AND METHODS: RT-PCR was used
to determine the expression of SATB1 gene and
immunohistochemistry (IHC) was used to detect
the expression of HER2 protein in gastric cancer
tissues. The relationships of both were evaluat-
ed with clinic pathological parameters and prog-
nosis, and further analyzed to build a correlation
between the expression of SATB1 and HER2.

RESULTS: (1) The expression level of SATB1
gene in gastric cancer tissue was related with
TNM stage and distant metastasis. (2) Patients
with a lower expression of SATB1 had a higher
median overall survival than those with a high-
er expression of SATB1 (p <0.01). (3) The pos-
itive expression of HER2 in gastric cancer tis-
sues was associated with distant metastasis (p
<0.01). (4) The expression of SATB1 gene was
correlated positively with HER2 protein in gas-
tric cancer (r=0.386, p =0.002).

CONCLUSIONS: High expression of SATB1
gene predicts advanced TNM stage and possi-
ble distant metastasis in patients with GC, which
was a sign of poor prognosis. The expression of
SATB1 was positively correlated with HER2, in-
dicating that SATB1 and HER2 might be in a pos-
itive regulation relationship.

Key Words: Gastric cancer, SATB1 gene, HERZ pro-
tein, Correlation, Prognosis.

Introduction

Epidemiological data show that gastric can-
cer is the second leading cause of cancer-related
deaths in the world2. Most gastric cancers have
developed into an advanced stage upon diagnosis;

the advanced gastric cancers are prone to metas-
ta-sis and invasion, which is fatal’. Therefore,
to find out the potential predictive index for the
invasion and metastasis of gastric cancer has be-
come more and more important. In recent years,
studies have shown that special AT rich sequence
binding protein (SATBI1) is closely related with
the invasion and metastasis of the tumor. Further
researches showed that SATBI1 could regulate
the expression of as many as 1000 genes related
with the occurrence of cancer, and HER-2 gene
was one of those genes*. The results of ToGA tri-
al demonstrated that gastric cancer patients with
positive HER2 had better survival advantage
under trastuzumab + chemotherapy’. Another
case report showed that intraperitoneal injection
of Trastuzumab can improve local tumor con-
trol probability in patients with peritoneal cavity
metastasis of gastric cancer®. Considering that in
this work we detected the expression of SATBI
and HER2 in gastric cancer, and tried to inves-
tigate the relationship between the expression of
SATBI and HER2 and clinic pathological factors
and prognosis, and further analyze the correlation
between the expression of SATBI and HER2.

Patients and Methods

Patients

A total of 60 patients that were confirmed with
gastric cancer and accepted surgical treatment in the
First Hospital of Lianyungang from April 2009 to
February 2013 were enrolled. The data of all patients
were complete and no one had accepted radiothera-
py and chemotherapy, molecular targeted therapy or
immunotherapy before surgery. Among the 60 cases,
there were 47 males and 13 females, ranging from
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29-72 years, the median age was 59 years. Tumor
infiltration of 35 cases have affected the whole layer
and reached outside serosa while 25 cases have not
affected the whole layer (mucosal, submucosal and
muscular layers). According to the 7" version of gas-
tric cancer TNM staging of AJCC-21 cases were in
stage I+II, 39 cases in stage [II+IV. Evidence-based
medicine first class recommendation scheme was ap-
plied to assist with chemotherapy. 42 cases accepted
chemotherapy and had integrated follow-up data. The
follow-up lasted until April 2015.

Major Instruments and Teagents

Real-time fluorescence quantitative PCR (7900
HT Fast) was purchased from ABI Company
(Waltham, MA, USA); nucleic acid protein detector
was purchased from Eppendorf Company (Ham-
burg, Germany); paraffin RNA extract kit and re-
verse transcription kit were purchased from Qiagen
(Hilden, Germany); fluorescent dyes were purchased
from AB Company; primers were synthesized by
the Shanghai Sangon Co., Ltd. (Shanghai, China).

SATB1 Real-Time Fluorescence
Quantitative PCR Assay

Human SATBI1 gene cDNA primers used for
this study are shown in Table I. RNA was extract-
ed (RNase-free FFRE Kit, Qiagen) according to
kit instructions, with f3-actin used as internal con-
trol. 1 pl of RNA was added to 99 pl RNase-free
ddH, 0O and concentration and purity was estimat-
ed with UV spectrophotometer. RT reaction (10
ul) consists of 1 pl, 6 YIRNA+DEPC H, 0, at 42°C
for 2 min, followed by addition of 0.5 ul primer
(10 nmol/ul), 0.5 pl RT enzyme, 2 ul Buffer at
42°C for 30 min, and finally at 95°C for 5 min.
QPCR reaction (5 pl) consists of master mix- 2.5
pl Template cDNA, 1 pl SATBI upstream and
downstream premier 0.25 pl (20 pmol/ul) for
each, H,O: 1 ul. PCR amplification conditions
were pre-denaturation at 95°C for 10 min, 95°C
for 15 s, 60°C for 1 min, for a total of 50 cycles.
The temperature of dissolution curve was 95°C
for 15s, 60 °C for 15s and 95°C for 15s.

The experimental data was processed by 2-24°T
on the premise that the amplification efficiency of
the target gene and reference gene were similar”®.
The average CT value from triplicate samples and
ACT value (ACT=CT| ATBI_CTﬁ-actin) was calculat-
ed’ and 2-AACT (CT:CTtarget sample_ reference sample) was
computed. The values were used to present the
relative multiples of the target value relative to
the reference value and calculated out the mean
value of the expression amount of SATBI1 gene

in the 60 patients. The patients were divided into
high expression group and low expression group
according to whether the expression amount was
higher or lower than the mean value.

HERZ2 Immunohistochemistry Assay

Paraffin block preserved under the formalde-
hyde fixation and paraffin embedding were taken,
and consecutively slices of 5 um. All procedure
were followed according to instructions of kit.
Cell membrane showing no staining or <10% cell
membrane showed staining was defined to be neg-
ative (-); 210% tumor cell membrane slightly or
faintly sho+wed staining was defined to be weak
positive (+); =10% cells showed weak to moderate
staining in basolateral part, lateral membrane or
the whole membrane was defined to be moderate
positive (++); =z10% cells showed staining in baso-
lateral part, lateral membrane or the whole mem-
brane was defined to be strong positive (+++), (-)/
(+) was defined to be negative expression, (++) to
be moderate expression, and (+++) to be over-ex-
pression”!°. In our experiment, (++) and (+++)
were defined as HER?2 positive.

Statistical Analysis

SPSS 20.0 software (SPSS Inc., Chicago, IL,
USA) was applied to make a statistical analysis.
Measurement data were presented by Xzs, %* and
t-test were applied in the comparison between
groups, Kaplan-Meier and Log-rank methods
were applied to make a survival analysis, Spear-
man correlation analysis was applied to deter-
mine the correlation between SATB1 and HER2,
p <0.05 was statistically significant.

Results

Comparison of the Amplification
Efficiency of SATB1 gene and
Reference Gene

Mapping SATBIlgene ACT through log value
of cDNA concentration gradient. The slope of the
straight line was 0.01 (slope absolute value <0.1),
indicating that the amplification efficiency of the
target gene and reference gene were similar. Experi-
mental results can be processed by 24T (Figure 1).

Expression of HER2 and SATB1 in Gastric
cancer tissues

Both SATBI and HER2 were highly expressed
in gastric cancer tissues, and the positive rate of
HER2 was 23.33% (Figures 2, 3).
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Figure 3. HER2 expression in gastric cancer tissue (x400). A4, Negative expression in gastric cancer tissue (0). B, Weadly
positive expression in gastric cancer tissue (+1). C, Positive expression in gastric cancer tissue (+2). D, Strongly expression in

gastric cancer tissue (+3).

Relationship Between The Expression of
SATB1 and HERZ in Gastric Cancer and
the Clinical Pathological Characteristics
The expression level of SATBI1 gene in gastric
cancer tissues was significantly correlated with
TNM stage and distant metastasis (p <0.01); the ex-
pression of HER2 was significantly correlated with

distant metastasis (p <0.01), but not significantly
correlated with TNM staging (p >0.05); differences
on the expression of SATBI and HER?2 of different
age, gender, tumor size, tumor location, histologi-
cal differentiation degree, tumor invasion depth and
lymph node metastasis were not statistically signifi-
cant (p >0.05) (Table II).

Table Il. The relationship between SATB1 gene and HER2 in gastric cancer tissues.

SATB1 expression

HER2 N 2- T r P
©) 33 1.08+0.52 0.386 0.002
) 13 1.43+0.71

(++) 8 1.57+0.63

(+++) 6 1.76+0.34
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Correlation Between the Expressions
of SATB1 Gene and HERZ in Gastric
Cancer Tissues

The expressions of SATBI gene and HER2 in
gastric cancer tissues were positively correlated
(r=0.386, p =0.002) (Table III).

Relationship Between the Expression of
SATB1 and HERZ2 and the Overall
Survival of 42 Gastric Cancer Patients

OS median of the 42 patients was 28.0 months.
19 patients had low expression of SATBI while
23 patients had high expression of SATBI, and
the median OS of patients with low expres-
sion was longer than those with high expression
(43.0 months vs. 23.0 months, p <0.001). 29 pa-
tients had a positive expression of HER2 while
13 patients had a negative expression of HER2,
and difference of the median survival time of the
two groups was not statistically significant (28.0
months vs. 32.0 months, p =0.689) (Figures 4, 5).

Discussion

Gastric cancer is characterized by high malig-
nancy, high invasiveness and also high metasta-
sis. Its occurrence and development are subject to
the regulation of multiple genes and are involved
with multiple stages and phases. Most patients
have reached an advanced stage when they are
diagnosed with gastric cancer, thus resulting in
the high fatality rate. Therefore, it has become
quite important to promote individualized preci-
sion treatment, to find out the molecular biologi-
cal markers for predicting prognosis and to screen
out the groups with therapeutic advantages.
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Table I1l. RT-PCR primers used in this study.

SATBIU  5-ACGGGATGCACCAAAGTGTGTA-3
SATBIL 5’-GCTTGTTTGAGGCTCCGGAATA-3’
B-actinU  5-CCTGGCACCCAGCACAAT -3’
p-actinL  5-GCCGATCCACACGGAGTACT -3’
SATBIU  5-ACGGGATGCACCAAAGTGTGTA-3’

SATBI is a kind of tissue-specific nuclear
matrix binding protein located in chromosome
3p23 region of No. 3 chromosome. SATBI1 was
screened out from human cDNA library in
1992 by Dickinson et al''. SATBI could specif-
ically combine with matrix attachment regions
(MARs), thus influencing the construction of
DNA ring. SATBI is involved in the process-
es including chromosome remodeling, histone
acetylation, and methylation, and could regu-
late the transcriptional activity of multiple ge-
nomes'? ¥, SATBI had an abnormal expression
in most tumor cells®; it could regulate the ex-
pression of as many as 1000 genes related with
the occurrence of malignant cancer, so it is
also called “genome organizer”. SATBI1 could
promote the occurrence, development and me-
tastasis of the tumor, indicating that it is play-
ing a key role in tumor progression'®!"”. Human
epidermal receptor 2 (HER2) is a member of
the tyrosine kinase receptor family, and also an
important regulator of cell proliferation, dif-
ferentiation and survival. HER 2 could affect
the invasion and metastasis of a tumor in many
ways. It is one of the biological markers of poor
prognosis of many epithelial malignancies'®:".
The results of a meta-analysis®® on the relation-
ship between HER 2 expression and patholog-

Figure 4. Kaplan-Meier survival curves of gastric cancer
patients with higher or lower level expression of SATBI1
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Figure 5. Kaplan-Meier survival curves of gastric
cancer patients with positive or negative expression of
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ical characteristics of gastric cancer that in-
cluded 5290 patients and 15 studies indicated
that HER 2 was associated with tumor differ-
entiation level, Lauren type, lymph node me-
tastasis, vascular invasion, lymphatic vessel
invasion, but was not associated with tumor
invasion depth and staging. HER-2, as a tu-
mor-associated antigen, was highly expressed
in gastric cancer, which may be related to the
high invasiveness of tumor and the progno-
sis of patients?*2??. Therefore, it is suggested
that the targeted treatment that could obstruct
HER2 path might be able to inhibit invasion
and metastasis of the tumor. ToGA study’® was
a prospective international multi-center III
stage randomized controlled clinical trial. In
ToGA study, 584 patients were randomly di-
vided into two groups: trastuzumab + chemo-
therapy group (n=294) and pure chemothera-
py group (n=290). Further study®® found that
among the 446 patients with high HER3 ex-
pression, the median survival time of patients
intrastuzumab+ chemotherapy group (n=228)
(16 months) were significantly superior than
those in pure chemotherapy group (n=218)
(11.8 months) (HRO0.65, 95%CI10.51-0.83), in-
dicating that trastuzumab molecular targeted
therapy was the first choice for the treat-
ment of advanced gastric cancer with posi-
tive HER2 expression. However, some other
investigations?* also proved that the state of
HER2 had no effect on the prognosis of pa-
tients with gastric cancer. So the conclusion
was still controversial.
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In our study, we evaluated the expression of
SATBI1 and HER2 in gastric cancer tissues. We
have found that there was a high expression of
HER2 and SATBI in gastric cancer tissues, the
positive rate of HER2 was 23.33%, indicating that
it may be related to the occurrence of gastric cancer.
Further analysis indicated that the expression level
of SATBI gene in gastric cancer tissues was sig-
nificantly correlated with TNM stage and distant
metastasis (p <0.01), indicating that gastric can-
cer patients with high expression of SATB1 would
be subject to an advanced clinical stage and poor
prognosis. The expression of patients with lymph
node metastasis was significantly higher than those
without lymph node metastasis, but the difference
was not statistically significant (p >0.05). The
expression of HER2 was significantly correlated
with distant metastasis (p <0.01), but was not sig-
nificantly correlated with TNM staging (p >0.05),
which was not in line with the existing results. It
might be because the sample size in our study was
relatively small and there were also differences in
region and ethnics. The expressions of SATBI and
HER?2 in gastric cancer tissues were positively cor-
related (r=0.386, p =0.002), suggesting that SATBI
and HER2 may be in a positive regulation relation-
ship in gastric cancer. Our results showed that the
median survival time of patients with low expres-
sion of SATBI1 was significantly longer than that
with high expression (p <0.01), and the difference
was statistically significant. The median survival
time of HER2 positive expression group and nega-
tive expression group was not significantly differ-
ent (p >0.05).
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Conclusions

This research suggested that joint detection of
HER2 and SATBI expression in gastric cancer
can be used to screen out the patients with high-
risk of gastric cancer metastasis, and also could
provide a basis for developing an individualized
treatment program for patients.

This study needs to be confirmed by a larger
sample size and further in-vitro trials as well as in
vivo experiments. Nevertheless, there is need to
elucidate the molecular mechanisms for a better
understanding of the expression of SATB1, HER2
and occurrence or development of gastric cancer,
along with their correlation.
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