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Abstract

AIM: To explore the expression of Sp1 in gastric carcinoma
as well as its association with other clinicopathologic
features, and to evaluate the role of Spl as a prognostic
indicator of gastric carcinoma.

METHODS: By using immunohistochemistry, we examined
the Spl expression patterns in 65 cases of human
gastric cancer, and 40 normal gastric mucosa specimens.
Simultaneously, the correlation between Sp1l expression
and clinical outcome or clinicopathologic features was
investigated.

RESULTS: The percentage of Spl expression was 12.5%
(5/40) in normal gastric mucosa, and the Sp1 protein was
mainly expressed in the nuclei of cells located in the
mucous neck region. In sharp contrast, strong Spl
expression was detected in tumor cells, whereas no or
faint Sp1 staining was detected in stromal cells and normal
glandular cells surrounding the tumors. The expression
rate of Sp1 in gastric cancer lesions was 53.85% (35/65).
The medium survival duration in patients who had a tumor
with negative, weak and strong Spl expressions was
1 700, 1 560 and 1 026 d, respectively (P<0.05). Sp1
protein expression was closely related to the depth of
tumor infiltration (x?= 13.223, P<0.01) and TNM stage
(x?= 11.009, P<0.05), but had no relationship with
the number of lymph nodes and Lauren’s classification
(P>0.05). Cox regression model for multivariate analysis
revealed that high Sp1 expression (~<0.05) and advanced
stage (P<0.01) were independent predictors of poor
survival.

CONCLUSION: Normal and malignant gastric tissues have
unique Sp1l expression patterns. Spl might serve as an
independent prognostic factor, by influencing the tumor

infiltration and progression.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric carcinoma is currently one of the leading causes
of cancer-related death in mainland of China. Despite
improvement in eatly diagnosis, surgical technique and
chemotherapy, the majority of gastric cancer patients die
of the physiological effects of local recurrence and/or
distant metastasist!). The overall 5-year survival rate is
30-40%. Studies over the past half century have tried
to explore the mechanism of tumor metastasis on the
histopathologic, cytologic and molecular biology®*.
Although a few critical factors such as TNM stage have
been indicated to be prognostic parameters, the precise
molecular parameters to predict the risk of metastasis and
evaluate the outcome of gastric cancer patients remain to
be defined™*l,

The aggressive nature of gasttic cancer is related to vatious
abnormalities in oncogenes, tumor suppressor genes, growth
factors and their receptors, which in turn confer growth
advantages to gastric cancer cells. Increasing evidence
suggests that such molecular changes are regulated by a
plethora of external and internal factors!™™. Sp1 is a well-
characterized, sequence-specific, DNA-binding protein that
is important in the transcription of many cellular and viral
genes containing GC boxes in their promoters?. Previous
studies have shown that abnormal Sp1 activation might
augment the growth and metastatic potential of tumor cells
through over-expression of many Spl downstream genes.
The role of Sp1 as an essential transcription factor for many
genes regulating cell growth, angiogenesis and survival has
been proved in pancreatic cancer!!”"l. Yet, the expression
of Sp1 and its impact on the outcome of gastric cancer
patients are still unknown.

In the present study, we examined Spl expression in
human gastric cancer by using immunohistochemistry, and
studied its relationship with the length of survival and
clinicopathologic features.
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MATERIALS AND METHODS

Patients and specimens

Sixty-five patients (45 men and 20 women, medium age
65 years) with gastric cancer undergoing radical gastrectomy
(D2 or D3) in the Department of Surgery, Rui Jin Hospital,
from March 1997 to September 2001, were enrolled in
this study. The eligibility criteria were histologically proven
gastric adenocarcinoma, no hematogenous metastatic lesions,
no previous systemic chemotherapy before operation, with
well-documented clinical histories and follow-up information.
Distant peritoneal metastatic foci, fixed lymph nodes with a
positive frozen biopsy in nodes around the middle coliac
artery and/or para-aottic nodes, ot involvement of the rectal
shelf wete considered as distant metastases and were excluded
from the study.

All of the patients were observed and followed up in
the same institute. At the end of March 2004, 42 patients
were still alive, whereas 23 patients died of tumor recurrence
and/or distant metastasis. Patients who were killed in accidents,
or died of surgical-related postoperative complications as well
as other cancers were excluded. All of the resected primary
tumors and regional lymph nodes were histopathologically
evaluated by hematoxylin and eosin staining according to
the 5" UICC TNM classification published in 19973, Forty
normal gastric tissue specimens obtained from patients who
underwent partial gastrectomy for benign gastric diseases
were also collected in this study.

Immunohistochemistry

Formalin-fixed gastric cancer specimens were embedded in
paraffin, and 4-um thick sections were obtained. These
sections were mounted on salinized glass slides and heated at
60 C for 30 min. After deparaffinization in xylene, the
sections wete rehydrated in graded alcohol, and washed in
water. Endogenous peroxidase activity was blocked by
incubation with 3% hydrogen peroxide in methanol for
30 min at room temperature. Antigen retrieval was
accomplished by 1 mmol/L. EDTA solution. After being
washed with phosphate-buffered saline (PBS) and exposed
to 10% normal goat serum for 10 min to reduce non-specific
binding, the slides were incubated for 12 h with rabbit
monoclonal antibody against Sp1 (Santa Cruz Biotechnology,
Inc., USA, Code No.: SC-59), which was diluted at 1:200 in
PBS. Primary antibodies were visualized with an Envision
system (DAKO, Denmark, Code No.: K4003). After further
being washed with PBS, slides were incubated with substrate
diaminobenzidine and hydrogen peroxide for 10 min. Finally,
sections were counterstained with hematoxylin!.

The specificity of Spl staining was confirmed using
parallel negative control sections, which were processed
immunohistochemically after the primary antibody was
replaced with PBS, and positive control sections from a
colonic adenocarcinoma previously were shown to express
high levels of Sp1 by immunohistochemistry. Simultaneously,
the samples from normal gastric mucosa wete also stained
according to the procedures described above.

Evaluation ofimmunohistochemical staining
In each specimen, immunoreactivity was examined under
light microscopy and scored independently by two assessors

who were blinded to patient outcomes. A positive reaction
was indicated by reddish-brown precipitates in the nuclei.
Only nuclear staining was considered as positive reaction.
In scoring the sections, an assessment of the proportion of
cell staining and the staining intensity was made. Specifically,
the percentage of positive cells was divided into five grades
(percentage scores): <10% (0), 10-25% (1), 25-50% (2),
50-75% (3) and >75% (4). The intensity of staining was
divided into four grades (intensity scores): no staining (0),
weak staining (1), moderate staining (2) and strong staining
(3). Sp1 staining positivity was determined by the following
formula: overall score = percentage scoreXintensity score.
The overall score <3 was defined as negative, 3-6 as weak
positive, and >6 as strong positivel"**. The concordance
between the blinded reviewers was 93.3% (98/105). In the
seven cases of discordance, a final evaluation was determined
by consensus after reexamination.

Patient observation and follow-up

Postoperatively, the patients received chemotherapy with
LV/FP (5-FU+LV+CDDP) or FM (5-FU+LV+MMC)
regimen for at least 6 mo during the period of follow-up!™.
The selection of chemotherapeutic regimen was based on
the histologic type and cancer stage, individually. The patients
were reevaluated regularly with a physical examination and
biochemical laboratory studies. Image diagnostic assessment,
including computed tomography and/or ultrasonography
was carried out every 6 mo.

All the enrolled patients had well-documented clinical
histories and follow-up information. The epidemiological
information including the age, gender and clinicopathological
data including tumor type, TNM stage as well as Lauren’s
classification were registered. For dead patients, the precise
date and cause of death were recorded.

Duration of survival was defined as the time from the
date of operation to the time of death. Patients who were
still alive would be censored until March 31, 2004. The
average follow-up period for the 65 patients was 1 472 d
for all patients and 1 787 d for patients alive in March
2004 (range 619-2 478 d). The overall survival rate was
64.6% (42/65).

Statistical analysis

Two-tailed %> test was performed to determine the
significance of the difference between Sp1 positivity and
other variables. Survival curve was calculated with the
Kaplan-Meier method. Log-rank test was used to assess the
statistical differences in survival. For multivariate analysis,
the Cox regression model was used. In all of the tests,
probability values from two-tailed test less than 0.05 were
considered statistically significant. SPSS 11.0 statistic
software for Windows was used for analyses.

RESULTS

Sp1 expression in human gastric cancer tissues

Expression of Sp1 in human gastric cancer tissues and its
localization patterns were evaluated immunohistochemically.
Moderate to strong Spl staining was seen in the nuclei of
tumor cells of vatious types of gastric cancer, whereas no or
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weak Sp1 staining was detected in stromal cells and normal
glandular cells surrounding the tumor lesions (Figure 1A).
Of the 65 patients, 35 (53.85%) had Sp1 nuclear staining,
while 30 (46.15%) were negative.

According to the overall Spl staining score based on
percentage and intensity, the weak and strong staining gastric
cancer cases accounted for 13.85% (9/65) and 37.68%
(26/65), respectively. In the 13 cases of eatly gastric cancer,
the percentage of Sp1 expression was 15.38% (2/13), and

most of them were weak staining.

Sp1 expression in normal human gastric tissues

In most of the normal gastric mucosae, no or faint nuclear
staining of Sp1 was shown. Positive staining was predominantly
observed in the nuclei of cells localized in the mucous neck
region. There was no Sp1 protein expression in the cells of
the glandular epithelial cells or cells located towards the
gastric pit (foveolar) (Figure 1B). The overall percentage
of Sp1 expression was only 12.5% (5/40) in normal human
gastric mucosa.

Figure 1 Sp1 protein expression and its localization in human gastric cancer tissue
(A) and in normal human gastric tissue (B), IHC staining x400 (A), x200 (B).

Relationship between Sp1 expression and clinicopathologic
features
The relationship between Sp1 expression and clinicopathologic
features is summarized in Table 1. Sp1 expression was more
frequently found in tumors with serosal invasion than in
those without serosal invasion (y*= 13.223, P<0.01). Sp1
expression was also closely related to advanced TINM stage
(x*= 11.009, P<0.05). However, no significant correlation
was found between Spl expression and age at surgery,
gender, tumor location, number of metastatic lymph nodes
and Lauren’s classification (P>0.05).

Spl immunohistochemical staining revealed that 13 of

19 well-differentiated gastric cancer tissues (including
papillary adenocarcinoma, tubular adenocarcinoma and
moderately differentiated adenocarcinoma) and 22 of 46
pootly differentiated gastric cancer tissues (including poorly
differentiated adenocarcinoma, signet ring cell carcinoma
and mucous adenocarcinoma) were positive. There was no
relationship between Spl expression and histopathologic
differentiation.

Table 1 Sp1 expression in human gastric cancer tissues and
its relationship with clinicopathologic features

Clinicopathological Spl Spl Spl
parameters negative weak strong %2 P
n=30 n=9 n=26

Age (1)
=60 15 3 19 5396  0.067
<60 15 6

Gender
Male 18 6 21 2583 0240
Female 12 3 5

Location
Upper third 6 2 9 4.660 0324
Middle third 3 2 6
Lower third 21 5 11

Histopathologic type
Well differentiated 6 4 9 2,607 0272
Poorly differentiated 24 5 17

Depth of infiltration
T1-2 19 4 4 13223  0.001
T3-4 11 5 22

LN metastasis
No 19 5 9 4819  0.306
<6 6 2 10
>6 5 2

TNM stage
I 16 3 3 11.009  0.026
I, I 10 4 17
v 4 2

Lauren’s classification
Intestinal type 9 4 10 0811  0.667
Diffuse type 21 5 16

Sp1protein expression and survival in gastric cancer patients
The median survival duration in patients who had a tumor
with negative, weak and strong Sp1 expressions was 1 700,
1560 and 1 026 d, respectively. The elevated Sp1 expression
was associated with a poor tumor prognosis (P<0.05,
Figure 2).
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Figure 2 Correlation of Sp1 expression with long-term survival in gastric
cancer patients.
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Spl expression, age at surgery, gender, histologic
differentiation, depth of infiltration, number of metastatic
lymph nodes, TNM stage and Lauren’s classification were
entered into a Cox regression model for multivariate
analysis. High Sp1 expression (P<0.05) and advanced stage
(P<0.01) were independent predictors of poor survival.
Age at surgery, gender, histologic differentiation, depth of
infiltration, number of metastatic lymph nodes and Lauren’s
classification did not have a statistically significant effect on
survival in multivariate analysis.

DISCUSSION

Metastasis is the most devastating aspect of gastric cancet.
In fact, at the time of diagnosis, patients usually had locally
advanced diseases or metastasis involving the lymph nodes,
livet ot petitoneum!"”. Undetstanding the ctitical determinants
of cancer, metastasis is helpful in designing potential preventive
and therapeutic strategies. Studies over the past several
decades have indicated that the process of cancer metastasis
consists of a series of conceptual and sequential steps'¥.
Malignant neoplasm consists of multiple cell populations
that exhibit a wide range of biologic characteristics, including
antigenicity, chemosensitivity, growth rate, karyotype as well
as metastatic potential®*". The development of multiple
growth signaling pathways could render tumor cells a
tremendous growth advantage™*?”. A number of molecular
events are being recognized to play a part in metastatic
process.

Spl is a sequence-specific DNA-binding protein, which
is important in the transcription of many cellular and viral
genes that contain GC elements within the proximal region
of their promoter®). Recently, additional transcription
factors such as Sp2, Sp3 and Sp4, which are similar to Sp1
in their structures and transcriptional properties, have been
cloned®?. Sp1 is essential for many genes that regulate the
cell survival, growth and angiogenesis. Earlier studies have
established that Sp1 protein can regulate many tumor-related
genes, including FGFR1, insulin-like growth factor receptorl,
insulin-like growth factor-binding protein 2, VEGF and
thymidine kinase™?. The relevance of these factors to
tumor growth and metastasis has been evaluated. Abnormal
Sp1 protein activation and expression might up-regulate the
production of these genes, thus creating a microenvironment,
which favors tumor cell growth, metastasis and angiogenesis.
Spl signaling pathway may contribute to tumor development
and progression.

It was reported that Sp1 involved apoptosis by altering
the expression and function of multiple apoptosis-related
proteins, including Bcl-2 and Bax?.

The mechanism undetlying in different levels of Sp1 is
currently unknown. Investigations indicated that Spl
expression was influenced by many stimuli, and varied in
different tumor origins. Kumar and Butler? revealed that
the DNA-binding activity of Spl was significantly higher in
human epithelium-derived cancer than in human skin
papilloma. A recent study showed that Sp1 activity could
be modulated by stress factors such as hypoxia, acidosis
and over-expression of free radicals, thus activating the
p42/p42 mitogen-activated protein kinase and c-JunNH2-
terminal kinase-related signal pathways?®l. It may also involve

many other cellular factors, including the functional status
of oncogenes and tumor suppressor genes.

In agreement with a previous study, we did not find
strong expression of Spl in nuclei of normal gastric mucosa
cells. The normal gastric mucosa not displayed or little
staining for Sp1, and the positive cells were located in the
mucous neck region in normal gastric mucosa, suggesting
that Sp1 is mainly expressed in dividing cells, and not in
differentiated cells. In contrast, our results showed that
expression of Spl was a prominent feature of advanced
gastric cancer, regardless of its histologic type. In the
present study, we identified nuclear expression of Sp1 in
63.46% (33/52) of advanced gastric carcinoma cases, and
15.38% (2/13) of early gastric cancer cases. Shi er a/*),
studied the relationship between constitutive Spl activity
and constitutive expression of VEGF in human pancreatic
adenocarcinomas, and found that the level of Sp1 activity
was directly correlated with the VEGF promoter activity,
the steady-state level of mMRNA, and VEGF secretion. These
results suggested that altered expression of Spl in human
pancreatic cancer might lead to the over-expression of
multiple Spl downstream genes, which in turn could enhance
the tumor angiogenesis and contribute to the aggressive
biology of human gastric cancer. In the present study, we
also found that the expression of Sp1 protein was correlated
with increasing gastric cancer stage and depth of invasion.
There was no significant difference in Spl expression
between tumors with more or less lymph node metastasis.
These data suggest that Spl might contribute to the progression
and dissemination of human gastric caner via other pathways
except lymph node metastasis. Spl expression was inversely
correlated with patient long-term survival, suggesting that
Sp1 could serve as an independent and sensitive prognostic
marker for gastric cancer.

In summary, Sp1 is aberrantly over-expressed in gastric
adenocarcinoma. Spl expression is closely related to the
advanced stage, depth of tumor infiltration as well as poor
outcome of the patients. A further understanding of the
molecular basis of Spl will have functional implications in
suppressing gastric cancer progression and ultimately lead
to the design of new therapeutic strategies. On the basis of
this study, we propose that increasing Sp1 expression may
augment the metastatic potential of tumor cells, and may
be a reliable tumor progression marker and/or effective
therapeutic target for gastric cancer.
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