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Abstract

AIM: To investigate whether NF-«B is activated in human
gastric carcinoma tissues and, if so, to study whether
there is any correlation between NF-kB activity and
heparanase expression in gastric carcinoma.

METHODS: NF-«xB activation was assayed by immunohi-
stochemical staining in formalin-fixed, paraffin-embedded
specdimens from 45 gastric carcinoma patients. Electrophoretic
mobility shift assay (EMSA) method was used for nuclear
protein from these fresh tissue specimens. Heparanase
gene expression was quantified using quantitative RT-PCR.

RESULTS: The nuclear translocation of RelA (marker of NF-
kB activation) was significantly higher in tumor cells compared
to adjacent and normal epithelial cells [(41.3+3.52)% vs
(0.38+0.22) %, t=10.993, P=0.000<0.05; (41.3£3.52)%
vs (0£0.31)%, ¢ = 11.484, P = 0.000<0.05]. NF-«xB
activation was correlated with tumor invasion-related
clinicopathological features such as lymphatic invasion,
pathological stage, and depth of invasion (Z= 2.148,
P=0.032<0.05; »*> = 8.758, P= 0.033<0.05; »* = 18.531,
P = 0.006<0.05). NF-xB activation was significantly
correlated with expression of heparanase gene (r= 0.194,
P=0.046<0.05).

CONCLUSION: NF-«B RelA (p65) activation was related
with increased heparanase gene expression and correlated
with poor clinicopathological characteristics in gastric
cancers. This suggests NF-kB as a major controller of
the metastatic phenotype through its reciprocal regulation
of some metastasis-related genes.
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INTRODUCTION

Gastric cancer is one of the most common malignant
neoplasms in China and its incidence is gradually increasing
in recent years. The clinical outcome for gastric cancer
patients is still very poor with a 5-year survival rate of only
20% in all stagest and only 40% of the patients respond to
surgical intervention®.

NF-kB is involved in the regulation of apoptosis, tumor
progression, and responses to chemotherapy and ionizing
radiationP). But its role in the process of gastric cancer
metastasis has not been examined in detail. NF-xB is a
transcriptional activator of MMP-9 and uPAY, supports a
role of the NF-xB signal transduction pathway in the
metastatic process. However, little information is available
concerning the activity of NF-xB in gastric carcinoma, one
of the most aggressive types of cancer.

Degradation of basement membrane and extracellular
matrix structures are important features of invasion and
metastasis in gastric cancerP. Human heparanase, an
endoglycosidase, specifically involved in cleaving heparan
sulfate, has been cloned recently, and it has been reported
that this gene is functionally related to the invasion and
metastasis of cancer cells®”. Based on previous repotts, we
speculate that heparanase may be involved in the invasion
and metastasis of gastric cancer cells. In the present study,
we examined heparanase expression of the gastric cancer
patients using quantitative RT-PCR.

It is recently reported that heparanase expression is
regulated by NF-kB in tumor cell lines!”, suggesting an
important role for the NF-xB signal transduction pathway
in the metastatic process. However, little information is
available concerning NF-kB activation and whether it
regulates the expression of heparanase expression in gasttic
carcinoma.

In the present study, we aimed to investigate whether
NF-kB was constitutively activated in gastric carcinoma
tissues. We also analyzed the correlation between NF-kB
activity and clinicopathological features and whether
heparanase expression was regulated by NF-kB activation
in gastric carcinoma.
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MATERIALS AND METHODS

Clinical specimens

Forty-five gastric carcinoma patients who gave informed
consent before surgical treatment were enrolled into the
present study at Sir Run Run Shaw Hospital between 2000
and 2004. All the normal, adjacent and tumor specimens,
including 3 cases of metastatic liver tissues, were obtained
from surgically resected tissues in the operating room, and
stored in liquid nitrogen until use. The nuclear proteins were
extracted immediately. Tissues were fixed in 10% formalin
and embedded in paraffin for H&E staining and
immunohistochemical staining. All specimens were
classified histologically. The clinical pathological
characteristics were evaluated according to the guidelines
of the Union Internationale Contre le Cancer.

Immunohistochemistry

Immunostaining was performed as desctibed previously with
a moderate modification®. Briefly, antigen retrieval on
paraftin sections was performed by heating three times in a
10 mmol/L citrate buffer solution (pH 6.0) in a microwave.
Slides were then probed with primary (anti-RelA p65; 1:200;
sc-109; Santa Cruz Biotechnology, Santa Cruz, CA), and
incubated with secondary antibodies (RelA, goat anti-rabbit
immunoglobulin). Antibody binding was detected with a
combination of DAB (40 mg/150 mL in PBS; Sigma
Biotechnology, USA) and 0.06% hydrogen peroxide (H,O,).
The number of nucleat-positive cells was counted and found
to be 200 cells for each section. Nuclear staining, which
indicated nuclear translocation of RelA, was considered as
the marker of NF-xB activation.

Nuclear protein extraction

Normal, adjacent and tumor specimens were collected in
the operating room and homogenized in hypotonic buffer
[10 mmol/L. HEPES (pH 7.9), 10 mmol/I. KCl, 1.5 mmol/L
MgCl,, 0.1% NP40, and 5% protease inhibitor (0.2 mmol/L
DTT, 10 mmol/L benzamidine, 7 ng/L leupeptin, 50 ng/L
soybean trypsin inhibitor, 2 ng/L aprotinin, 2 ng/L antipain,
0.7 ng/L pepstatin, 0.5 mmol/L phenylmethylsulfonyl
fluoride, and 0.5 mmol/L 4-(2-aminoethyl) benzenesulfonyl
fluoride)] immediately. Homogenized tissues were incubated
on ice for 10 min and extraction of nuclear contents was
petformed as described previously?. The protein concentrations
were determined by Bradford assay (Bio-Rad, Hercules,
CA.). The nuclear extracts were stored at -80 ‘C until use.

Electrophoretic mobility shift assay (EMSA)

To further prove the results of immunostaining, NF-xB
nuclear translocation was analyzed by EMSA for nuclear
protein extracts of carcinomas, adjacent and normal tissues
as described previously®™. Nuclear protein extracts (10 pg in
each assay) wete incubated with the binding buffer [60 mmol/T.
HEPES (pH 7.5), 180 mmol/L KCI, 15 mmol/L. MgCl,,
0.6 mmol/L EDTA, and 24% glycerol], poly (dI-dC)
(Amersham Pharmacia Biotech AB, Uppsala, Sweden) and
*2P-labeled double-stranded oligonucleotides containing the
binding motif of NF-kB (Promega Corp., Madison, WI)
for 30 min at 37 ‘C. The sequence of the double-stranded
oligomer used for EMSA was 5~ AGTTGAGGGGACTTT

CCCAGGC-3.

Quantitative RT-PCR

Total RNA was extracted from carcinoma, adjacent and
normal tissues by the TRIzol reagent. The primer sequences
for amplification of heparanase gene were 5> AGA CCT
TTG GGA CCT CAT GGA 3’ (forward) and 5 GCA ACT
TTG GCA TTT CTT ATC ACA A 3 (reverse), and the
probe was 5’ FAM- CAG GAA GTT CACTGG GCT TGC
CAG CTT TCT CA -TRAM 3’. The primer sequences for
amplification of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene were 5> CTT AGC ACC CCT CCC CAA
G 3’ (forward) and 5 GAT GTT CTG GAG AGC CCC G
3’ (reverse) and the probe was 5> FAM- CAT GCC ATC
ACT GCC ACC CAG AAG A -TRAM 3’. Expected RT-
PCR product sizes were 179 bp for heparanase gene and
150 bp for GAPDH. PCR conditions consisted an initial
denaturation step for 5 min at 94 “C, followed by 40 cycles
of amplification (denaturation for 30 s at 94 'C, annealing
for 15 s at 62 'C, and a final extension for 10 min at 72 C).
The RT-PCR products were sequenced in Tumor Research
Institute of Zhejiang University, and the sequences we
obtained coincided with the sequences available in
GenBank [accession number BC083511 (for GAPDH) and
accession number BC051321 (for heparanase)]. The RT-
PCR products were also visualized on 2.0% agarose gels
stained by ethidium bromide. Based on the fact that the Cy
(threshold cycle) value was inversely proportional to the log
value of the original copy number of the target sequence,
heparanase Cr/ GAPDH Cr was used to evaluate the
mRNA expression level in different tissues.

Statistical analysis

All statistical analyses were performed with SPSS Statistical
Software (release 12.0) on the windows workstation. The
difference of the mean staining rate among tumor, adjacent
and normal cells was analyzed by #test for paired data. The
correlation between the RelA nuclear staining rate and the
clinical parameters was analyzed by Rank Sum test. The
correlation between RelA nuclear staining and heparanase
gene expression was analyzed by Spearman’s test (one-sided).
P value <0.05 was considered as significant.

RESULTS

RelA staining in gastric carcinoma specimens

To ascertain whether NF-xB was activated in gastric
carcinoma specimens, an immunohistochemical analysis of
RelA was performed in formalin-fixed, paraffin-embedded
gastric carcinoma specimens (Figure 1). RelA (P65) staining
was significantly enhanced in the nuclei of the tumor cells
compared to adjacent and normal epithelial cells. RelA
staining was markedly higher in the metastatic tissues of
the liver in the 3 cases compared to the gastric tumor
specimens. The percentages of RelA (P65) staining were
(41.3£3.52)%, (0.38%0.22)%, and (0+£0.31)% in tumor,
adjacent and normal epithelial cells, respectively. The nuclear
staining rates were statistically higher in tumor cells compared
with those in adjacent and normal epithelial cells (#= 10.993,
P =0.000; = 11.484, P = 0.000).
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Figure 1 Comparison of nuclear staining rates statistically higher in tumor cells with those in adjacent and normal epithelial cells after
staining of RelA. A: Normal epithelial cells with no nuclei staining; B: Adjacent epithelial cells with no nuclei staining; C: Cancer tissues with

strong nuclei staining; D: Cancer metastasis to the liver with specially enhanced nuclei staining (x400).
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Figure 2 Increased NF-xB RelA (p65) DNA binding activities in
tumor specimens compared with that in adjacent and normal tissue

of 2 typical cases.

Increased NF-xB DNA binding activity in gastric carcinoma
specimens

EMSA was used to confirm the increased nuclear translocation
of RelA (p65) in gastric carcinoma tissues. Figure 2 showed
significantly increased NF-kB RelA (p65) DNA binding
activity in tumor tissue compared to adjacent and normal

tissues of 2 typical cases.

NF-xB activation and clinical pathological features

The correlations between RelA nuclear staining and the
clinical pathological parameters in the 45 gastric carcinoma
specimens were analyzed statistically as described in
“Materials and Methods”. As shown in Table 1, NF-kB
activation was correlated with lymphatic invasion (Z = 2.148,
P = 0.032), pathological stage (x* = 8.758, P = 0.033), and
depth of invasion (y* = 18.531, P = 0.006).

<— Heparanase
gene (179 bp)

N - G/7DH gene
(150 bp)
Figure 3 The significantly higher heparanase mRNA levels in gas-

tric cancer specimens than those in adjacent and far normal speci-
mens of 4 typical cases.

Heparanase expression and correlation between NF-xB

activation and heparanase expression in gastric carcinoma

specimens

We examined the expression of heparanase in gastric
carcinoma specimens by RT-PCR (Figure 3) and quantitative
RT-PCR, since the expression of heparanase was thought
to be mediated by NF-kB. Heparanase mRNA levels in
gastric cancer tissues were significantly higher than those in
adjacent and normal tissues (data not included in this paper
and will be published in another paper). Correlation analysis
between NF-kB activation and heparanase expression with
one-sided Spearman’s test showed positive relation (= 0.194,

P=0.046).

DISCUSSION

Previously, our studies have shown the activation of NF-kB
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Table 1 Correlations between the expression of NF-xB and clinical
pathological features of gastric cancers

Clinical pathological Cases  Mean Value Asymp.sig. Test

indices rank (two-sided)
Depth of invasion 45 x*>=18531 0.006* Kruskal-Wallis H
Mucosa 4 52.83
Submucosa 2 14.50
Superficial muscular 3 19.50
Deep muscular 2 5.50
Serosa 30 3250
Out of serosa 4 583
Lymphatic permeation 45 Z=2148 0.032° Mann-Whitney U
Have 3 5.50
No 42 33.37
Stage x?=8758 0.033* Median test
I 5 35.00
I 5 39.50
jui 20 30.90
v 15 34.40
Histological grading 45 x?=8920 0.014* Kruskal-Wallis H
Well 8 18.30
Middle 15 31.60
Poor 22 37.21
2P<0.05.

in various cultured cell lines and several carcinoma tissues.
NF-kB activation was usually evaluated on the basis of
nuclear translocation of RelA (p65) and/or NF-kB 1 (p50)
using EMSA and/or immunohistochemical analysis'”. In
this study, NF-kB RelA (p65) was constitutively activated
in gastric carcinoma tissues by immunohistochemical
analysis through quantified staining of nuclear RelA (p65)
to evaluate NF-kB activation (Figure 1). The results were
further proved by EMSAs in several cases. The significance
of NF-kB activation in carcinoma tissues remained unclear
until now. Here, we analyzed the relationship between NF-xB
activation, as estimated by nuclear translocation of RelA,
and the clinicopathological parameters. Our data proved
that NF-kB activation was correlated with clinicopathological
parameters such as lymphatic invasion, pathological stage,
and depth of invasion (P = 0.032, P = 0.033 and P = 0.000,
separately) in gastric carcinoma tissues(Table 1). These
results supported the correlation between NF-kB activation
and aggressiveness of gastric carcinomas, which is consistent
to teports from other investigators!''?. Recent studies also
showed that NF-xB is constitutively activated in several other
tumors such as pancteatic cancer and breast cancer!">'.
Interestingly, RelA (p65) staining was especially enhanced
in the metastatic specimens of the liver, suggesting that
NF-kB activation might contribute to the metastasis to distant
organs. Since only 3 cases of liver metastatic specimens
wete collected in this study, additional specimens would need
to be collected for future studies.

Specific enzymes produced and activated by cancer cells
contributed to the degradation of extracellular matrices and
basement membranes. Overexpression of heparanase was
thought to contribute to tumor invasion, metastasis"”, and
inflammatory reactions!®, and the enzyme was moderately
up-regulated especially in metastatic cancers!”.

In our previous study, the heparanase mRNA levels in
gastric cancer specimens wete significantly higher than those
in adjacent and normal tissues, while there was no significant
difference between the adjacent and normal tissues. The
heparanase mRNA levels in gastric cancer tissues were
significantly correlated with age, invasive depth, differentiation
status, tumor size, metastasis, blood vessel invasion, lymphatic
vessel invasion and nerves invasion (data were not shown
in this paper and will be published in another paper).
However, the mechanism leading to the overexpression of
heparanase gene in cancer cells remains unclear.

Recently, it was reported that heparanase expression was
regulated by NF-kB in tumor cell lines”. NF-kB modulated
the expression of extracellular matrix proteinases such as
MMPs, and the blockage of the NF-kB signal pathway
resulted in the down-regulation of MMP-9 and heparanase.
However, there is little information on the relationship
between the NF-kB activity and the expression of
heparanase gene in gastric cancer tissue.

To explore this relationship, the correlation between
NF-kB activation and the heparanase gene expression of
the invasion-related factor in tumor cells was analyzed
by immunohistochemistry and quantitative RT-PCR
separately. The results showed that there is a positive
correlation between NF-kB activation and the heparanase
expression in gastric carcinoma. However, specimens, showing
a high heparanse expression, were not always detected
corresponding to high NF-kB activation. Thus, this
mechanism needs further study. We planned to block the
NF-«xB/IKB signal transduction pathway in a gastric cancer
cell line using either mutant IkB or siRNA of IkB, to study
whether the expression of heparanase gene could be down-
regulated or not, and to determine how it affects the
metastatic activity of tumor cells.

In conclusion, we found that the level of nuclear
translocation of NF-kB was higher in gastric carcinoma
cells than in adjacent and normal epithelial cells. There is a
significant correlation between NF-kB RelA (p65) activation
and the expression of heparanase gene. In the future, this
positive relationship will be further studied to learn whether
blocking the NF-«kB signal transduction pathway can inhibit
heparanase expression in gastric cancer cell lines. NF-kB
and/or heparanase could be potential targets for anti-
invasion therapies of gastric carcinoma.
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