
Summary. Smads are signal transducers for the
members of the TGF-ß superfamily. Of these Smads,
Smad4 is essential for TGF-ß signaling. The purpose of
this study was to elucidate Smad4 expression and
localization in 65 gastric adenomas, 49 intestinal-type
and 39 diffuse type of gastric adenocarcinomas
(including 12 cases of fresh frozen tissue) using Real-
time RT-PCR and immunohistochemistry. Real-time RT-
PCR showed that intestinal type gastric
adenocarcinomas have higher Smad4 mRNA expression
than diffuse type gastric adenocarcinomas.
Immunohistochemical stain for Smad4 revealed that
expression of Smad4 was significantly lower in diffuse-
type gastric adenocarcinoma than intestinal-type gastric
adenocarcinomas. Also, higher Smad4 protein
expression in intestinal type gastric adenocarcinomas
than overall gastric adenoma was noted. The rate of
reduced Smad4 expression was higher in advanced
gastric cancer than early gastric cancer. These results
suggest that Smad4 might play different roles in human
gastric carcinogenesis, especially between intestinal type
and diffuse type of gastric adenocarcinoma.
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Introduction

Smads, a small family of structurally related
proteins, are signal transducers for the members of the
transforming growth factor (TGF)-ß‚ superfamily
(Massague, 1998). Smads are molecules of relative
molecular mass 42K-60K with two regions of homology
at the amino and carboxy terminals, termed Mad-

homology domains, MH1 and MH2, respectively, which
are connected with a proline-rich linker sequence
(Heldin et al., 1997). Different members of the Smad
family have different roles in signaling. Smad2 and
Smad3 are activated via carboxy-terminal
phosphorylation by type I TGF-ß receptor kinases and
form heterotrimeric complexes with Smad4 and thereby
act in a pathway-restricted fashion (Zhang et al., 1996).
They are also called receptor-activated Smads. Smad4-
receptor-activaor Smads complexes then translocate into
the nucleus and act as TGF-ß induced transcriptional
activators of target genes (Nakao et al., 1997). So,
Smad4 acts as central mediator of TGF-ß functions
(Zhang et al., 1997). The gene encoding Smad4 was
originally cloned as a tumor suppressor gene on
chromosome 18q21, which is frequently deleted or
mutated in pancreatic carcinomas, hence its original
name DPC4 (deleted in pancreatic carcinoma locus 4)
(Hahn et al., 1996). Smad4 is also mutated in a
significant proportion of colorectal cancers, and less
frequently of breast, ovarian, head and neck, prostatic,
esophageal and gastric cancers (Kim et al., 1996; Lei et
al., 1996; Schutte et al., 1996; Takagi et al., 1996;
MacGrogam et al., 1997). So it is suggested that Smad4
is often down regulated in cancer cells and this defect
allows cancer cells to escape the growth inhibitory
activities of TGF-ß.

Gastric cancer remains one of the most prevalent
malignancies throughout the world (Stadtlander and
Waterbor, 1999). More than 90% of gastric cancers are
adenocarcinoma, which are divided into two histological
types (intestinal and diffuse) by the Lauren classification
(Lauren, 1965). Pathogenesis of the intestinal-type
gastric adenocarcinoma has been connected to precursor
changes such as chronic atrophic gastritis, intestinal
metaplasia, and adenoma, whereas the diffuse type lacks
well-recognized precursor lesions (Stadtlander and
Waterbor, 1999; Schlemper et al., 2000). Furthermore,
these two types of gastric adenocarcinoma seem to
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express distinct genetic backgrounds and carcinogenetic
mechanisms are complex and poorly revealed
(Stadtlander and Waterbor, 1999; Tahara et al., 1996).
Also, little is known about patterns and localization of
Smad4 expression in gastric adenoma and
adenocarcinoma, especially related with mechanisms of
gastric carcinogenesis. Therefore, by determining the
Smad4 expression and localization in human gastric
neoplasm, including adenoma and adenocarcinoma, we
sought to determine the presumptive roles of Smad4 in
the pathogenetic mechanisms of gastric carcinogenesis.

Materials and methods

Patients and specimens

A total of 88 gastric adenocarcinomas and 65 gastric
adenoma specimens that underwent gastrectomy with
lymph node dissection, and endoscopic mucosal
resection, respectively, at Pusan National University
Hospital between 1999 and 2001 were included in this
study, from 103 male and 50 female patients with a
mean age of 57.8 years (31-78 years). Formalin-fixed
and paraffin embedded specimens were obtained from
153 patients. Fresh frozen tissue was available from 12
patients of gastric adenocarcinomas including matched
gastric cancer tissues with surrounding normal tissues.
The clinicopathological features of gastric
adenocarcinoma were assessed in accordance with the
General Rules for the Gastric Cancer Study in Japan
(Japanese gastric cancer association, 1998). The
histologic subtypes of gastric adenocarcinoma were
subclassified as intestinal and diffuse type by the Lauren
classification (Lauren, 1965). Epithelial dysplasia within
adenoma was graded by two pathologists as either high-
grade or low-grade dysplasia according to previously
published criteria (Rugge et al., 2000).

Analysis of Smad4 mRNA expression by real-time RT-
PCR in fresh frozen tissue

The fresh samples were received immediately after
resection and divided into tumor and surrounding normal
tissue, which were obtained from 12 patients of gastric
adenocarcinomas. Frozen sections were prepared from
matched tumor and surrounding normal tissue and
examined to provide confirmation of the identification of
tumor and surrounding normal tissue. After that, total
RNA was isolated from fresh frozen tissue, using an
RNeasy Kit (Qiagen, Santa Clarita, CA). cDNA was
synthesized from 10ul of total RNA using 2ug of
random hexamer (Pharmacia, Uppsala, Sweden), 10mM
dNTP (Boehringer Mannheim, Mannheim, Germany)
and 200 U of M-MLV reverse transcriptase (GIBCO
BRL) in a final volume of 20 µl. The PCR primers and
TaqMan probe for Smad4, 18S rRNA were designed
using Beancon Desiner 3.0 (PREMIER Biosoft
International, Palo Alto, CA, USA). The primer
sequences for amplication were described as follows: for

Smad4 (GeneBank NM_005359), sense primer 5’-
TTGCCTCACCAAAACGG-3’, antisense primer 5’-
CACCAATACTCAGGAGCAGGATG-3’, TaqMan
probe 5’-FAM-CACCACCCGCCTATGCCGCCC-3’;
for 18S rRNA (GeneBank M10098), sense primer 5’-
CGTTGATTAAGTCCCTGCCCT-3’, antisense primer
5’-TCAAGTTCGACCGTCTTCTCA-3’, TaqMan probe
5’-FAM-ACACACCGCCCGTCGCTACCG-3’. The
primers and probes were purchased from TIM
MOLBIOL Syntheselabor (Berlin, Germay).
Quantitative Real-time RT-PCR was performed using the
Bio-Rad iCycler iQsystem (Bio-rad, Hercules, CA,
USA). The following real-time PCR reaction mix was
prepared, 12.5 µl of iQ Supermix (Bio-rad, Hercules,
CA, USA), 2.5 µ l 3 µM each primers, 2.5 µ l 2 µM
TaqMan probe, 3.0 µ l cDNA. The PCR cycling
conditions were 5 minutes at 95 °C followed by 45
cycles of 30 seconds at 95 °C, 30 seconds at 60 °C (for
18S rRNA) and 58 ºC (for Smad4), and 30 seconds at 
72 °C. The threshold cycle (CT) is defined as the
fractional cycle number at which the fluorescence
generated by cleavages of the probe passes a fixed
threshold above baselines. Relative Smad4 gene
expression quantification for gastric adenocarcinoma
tissue and matched surrounding normal tissue of each
sample was calculated using the average Smad4 CT
value for each triplicate sample minus the average
triplicate CT value for the internal gene (18S rRNA), and
differences between gastric adenocarcinoma tissue and
matched surrounding normal tissue were calculated
using the formula 2- (∆CT tumor-∆CT normal) and expressed
as a fold change in expression according to the
comparative threshold cycle method (2-∆∆CT) (Livak and
Schmittgen, 2001). Mann-Whitney U tests were used to
compare fold changes between intestinal and diffuse
type gastric adenocarcinoma. Significance was defined
as p < 0.05.

Analysis of Smad4 protein expression and localization by
immunohistochemical staining 

Sections were dewaxed and rehydrated according to
a standard procedure, and washed with PBS. For
immunohistochemcial stain of Smad4, sections were
heated in a microwave oven at 600W for 2x5minutes in
0.01M citrate buffer, pH=6.0. Sections were immersed in
3% H202 to quench endogenous peroxidase activity, and
unspecified binding was blocked in 5% normal rabbit
serum (0.1% BSA in PBS). Immunohistochemical stain
was performed by the avidin-biotin peroxidase complex
method with aminoethylcarbazole as a chromogen using
the Vetastain ABC elite kit (Vector Laboratories,
Burlingame, CA, USA) according to the manufacturer’s
instructions. Sections were counterstained with Mayer’s
hematoxylin solution. To detect Smad4, goat polyclonal
antibodies against Smad4 (B8, Santa-Cruz, CA, USA)
was used at a dilution of 1:50. In the negative control
group, 5% normal rabbit serum was used in place of the
primary antibody.
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The expression of Smad4 protein was analyzed as
described previously (Xiangming et al., 2001). The
expression of Smad4 was compared with that of adjacent
gastric glandular cells located away from the tumor.
Tumor cells that stained as strongly as adjacent gastric
glandular cells were considered positive (+), whereas
those that stained weaker than adjacent gastric glandular
cells or did not stain at all were considered weak (+/-) or
negative (-), respectively. Tumors were then classified
according to their expression of Smad4 upon overview
of the section, being considered to have “Smad4
preserved expression” if >50% of the tumor cells were
positive. Tumors classified as having “reduced

expression” were those that did no fit into the above
categories. Statistical analysis between preserved group
and reduced group of Smad4 expression was performed
by the chi-square test and Fischer probability exact test.
Significance was defined as p<0.05.

Results 

Expression of Smad4 mRNA in fresh frozen tissue 

Of the gastric cancer available fresh frozen tissue, 5
cases were diffuse type of gastric adenocarcinoma and 7
cases were intestinal type of gastric adenocarcinoma.
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Table 1. Expression of Smad4 mRNA in intestinal type and diffuse type of gastric adenocarcinoma.

∆CT OF TUMOR ∆CT OF NORMAL FOLD CHANGE* (2-∆∆CT) MEAN ± STANDARD 
SURROUNDING TISSUE DEVIATION

Intestinal 8.69 13.90 37.01
13.40 18.90 45.25
7.90 10.60 6.50
7.40 9.90 5.66 19.02±15.80
6.00 10.00 16.00
7.40 11.30 14.93

10.80 13.77 7.84

Diffuse 5.30 5.80 1.23
3.50 3.70 1.15 0.70±0.51

12.20 11.78 0.75
10.70 7.90 0.14
13.20 11.10 0.23

*: fold changes between intestinal and diffuse, p=0.004.

Fig. 1. Immunohistochemical stain for Smad4 protein. Normal gastric antral mucosa adjacent to tumor shows strong cytoplasmic Smad4 positivity in
gastric mucous cells (larger arrow) and intestinal metaplastic foveolar epithelial cells (smaller arrow), while weak staining in foveolar epithelial cells
(arrowhead) (A). Normal gastric body mucosa adjacent to tumor shows more strong cytoplasmic Smad4 expression in the base of the oxyntic glands
(larger arrow) than neck and isthmus (smaller arrow) of the oxyntic glands (B). x 100



Intestinal type of gastric adenocarcinoma showed higher
fold changes of Smad4 mRNA expression compared to
surrounding normal tissue than diffuse type of gastric
adenocarcinomas (Table 1). 

Localization of Smad4 protein normal gastric mucosa,
gastric adenoma and adenocarcinoma

Normal gastric mucosa adjacent to adenoma or
adenocarcinoma showed strong Smad4 positivity in the
glandular compartment of gastric mucosa, but weak
staining in the foveolar compartment of gastric mucosa.
Gastric antral/pyloric and cardiac mucosa adjacent to
tumor showed strong cytoplasmic Smad4 positivity in

gastric mucous cells and intestinal metaplastic foveolar
epithelial cells, while weak staining in foveolar epithelial
cells. Gastric body mucosa adjacent to tumor showed
stronger cytoplasmic Smad4 expression in the base of
the oxyntic glands than neck and isthmus of the oxyntic
glands (Fig. 1) Gastric adenoma and adenocarcinoma
showed diffuse cytoplasmic staining with occasional
nuclear positivity of Smad4 (Fig. 2). 

Smad4 protein expression in gastric adenoma and
adenocarcinoma

Of the 65 cases of gastric adenoma, the rates of
preserved and reduced Smad4 expression were 61.5%
and 38.5%, respectively. Expression of Smad4 protein in
gastric adenoma was not statistically associated with
adenoma size, or location. Expression of Smad4 protein
showed a more preserved pattern in high grade adenoma
(11 cases/14 cases, 78.5%) than low grade adenoma (29
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Table 2. Expression of Smad4 protein in gastric adenoma in regard to
dysplasia.

Expression of Smad4 protein

Case No. Preserved Reduced

Gastric adenoma* 65 40 25
Low grade 51 29 22
High grade 14 11 3

*: p=0.216.

Fig. 2. Immunohistochemical stain for Smad4 protein. Intestinal type gastric adenocarcinoma (B) showed increased Smad4 positivity than gastric
adenoma (A). Notice cytoplasmic and nuclear Smad4 positivity (arrowhead) are seen in intestinal type gastric adenocarcinoma. Diffuse type gastric
adenocarcinoma (signet ring cells) are negative for Smad4 (larger arrow) (C). Notice smad4 positively stained gastric glandular cells (small arrow). 
x 200



cases/51 cases, 56.9%), but there was no statistical
significance between them (Table 2) (Fig. 2A). Higher
Smad4 protein expression in intestinal type gastric
adenocarcinomas than overall gastric adenoma was
noted (Table 3). 

Of the 88 cases of gastric adenocarcinoma, the rates
of preserved and reduced Smad4 expression were 68.1%
and 31.9%, respectively (Table 4). Expression of Smad4
protein was significantly correlated with histologic types
of gastric adenocarcinoma. That is, intestinal type of
gastric adenocarcinoma showed more preserved Smad4
expression than diffuse type of gastric adenocarcinoma
(Fig. 2B,C). Also, the rate of Smad4 reduced expression
was higher in serosa and subserosa infiltrative advanced
gastric cancer (15 cases/34 cases, 44.1%) than early
gastric cancer and muscularis infiltrative advanced
gastric cancer (17 cases/54 cases, 31.5%). But
expression of Smad4 was not related to other
clinicopathological factors, including lymph node
metastatsis, lymphovascular tumor emboli, tumor size
and tumor stage.

Discussion

In the present study, immunostain for Smad4 showed
both cytoplasmic and some nuclear positivity in
accordance with other reports of esophageal (Fukuchi et
al., 2002), gastric (Xiangming et al., 2001) and
colorectal cancer (Korchynskyi et al., 1999). Normal
gastric mucosa adjacent to adenoma or adenocarcinoma
showed strong Smad4 positivity in glandular
compartment of gastric mucosa, while weak staining in
the foveolar compartment of gastric mucosa. We
revealed that the intestinal type of gastric
adenocarcinoma showed more preserved Smad4
expression than gastric adenoma in our study. Because
development of intestinal-type gastric adenocarcinoma
has been highly associated with adenoma, study of
Smad4 expression in gastric adenoma and
adenocarcinoma might contribute to unravel the
adenoma-carcinoma sequences in the stomach.
Generally, Smad4 acts as a central mediator of TGF-ß
signaling and, simultaneously, as tumor suppressor gene.
Therefore, loss of Smad4 expression is responsible, at
least in part, for the resistance of tumor cells to the anti-
proliferative effects of TGF-ß during the adenoma-
carcinoma sequences. This contention is in agreement

with studies which found that noninvasive tumors
showed more preserved Smad4 expression than invasive
tumors in pancreatic neoplasms (Iacobuzio-Donahue et
al., 2000; McCarthy et al., 2001). Also, in animal
studies, haploid loss of Smad4 showed gastric polyposis
and cancer in mice (Xu et al., 2000). But, in our study,
intestinal type of gastric adenocarcinoma showed more
preserved Smad4 expression than overall adenoma.
These observations might suggest at least two possible
explanations. The first is that TGF-ß signaling through
Smad4 might have no significant roles in gastric
carcinogenesis, especially development of intestinal type
adenocarcinoma. This contention is partly in agreement
with previous reports which showed that loss of Smad4
function which is revealed as Smad4 mutations is
infrequent in gastric adenocarcinoma and target for loss
on chromosome 18q in gastric adenocarcinoma is not
Smad4 (Lei et al., 1996; Powell et al., 1997). Also,
previous report (Tsukashita et al., 2001) revealed that
high-grade adenoma and intramucosal carcinoma of
stomach showed gastric mucin phenotype, compared to
higher intestinal mucin phenotype in low-grade gastric
adenoma. They suggested that adenoma-carcinoma
sequence is not a major pathway of gastric
carcinogenesis, but instead that gastric adenocarcinomas
arise de novo. The second is that TGF-ß might play
complex roles in gastric carciongenesis by behaving as
tumor suppressor on the early stages, such as gastric
adenoma, but as tumor promoter (through angiogenesis
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Table 3. Expression of Smad4 protein in gastric adenoma and intestinal
type gastricadenocarcinoma.

Expression of Smad4 protein

Case No. Preserved Reduced

Gastric adenoma 65 40 25
Intestinal type adenocarcinoma 49 44 5

p=0.001.

Table 4. Relationship of Smad4 protein expression to clinicopathologic
features in 88 cases of gastric adenocarcinoma.

Case No. Smad4 expression p value

Preserved Reduced

Age(years)
≤ 50 30 18 12 NS
> 50 58 42 16

Tumor size(cm)
≤ 2.5 45 30 15 NS
> 2.5 43 30 13

Invasion Depth
Mucosa 28 18 10 0.049
Submucosa 16 14 2
Muscularis 10 5 5
Subserosa+SE+SI 34 19 15

Lauren classification
Intestinal 49 44 5 0.000
Diffuse 39 16 23

Lymph node metastasis
Negative 51 34 17 NS
Positive 37 26 11

Lymphovascular tumor 
Emboli

Negative 57 40 17 NS
Positive 31 20 11

SE: serosa exposed; SI: serosa infiltrated.



or antitumor immune responses) at later stages, such as
gastric adenocarcinoma. Smad4 may be involved in both
roles in carcinogenesis (Reiss, 1996; Akhurst and
Balmain, 1999). This contention is partly in agreement
with our study which showed a decrease of Smad4 in
gastric adenoma and an increase of Smad4 in intestinal
type of gastric adenocarcinoma. In the current paradigm,
TGF-ß has suppressor activities dominantly in normal
tissue, but during carcinogenesis, TGF-ß expression and
cellular responses tip the balance in favor of its
carcinogenetic activities (Wakefield and Roberts, 2002).
Taken together, it is suggested that Smad4 might have
some roles in favoring progression of gastric adenoma to
intestinal type adenocarcinoma. But more extensive
studies are needed to reveal exact roles of Smad4 in
gastric adenoma and intestinal type of gastric
adenocarcinoma.

Perhaps one of the most interesting findings of this
study is that diffuse type of gastric adenocarcinoma
showed frequent loss of Smad4 expression. Gastric
cancer behaves as two distinct diseases. This was first
recognized by Lauren, who distinguished an intestinal
type of gastric adenocarcinoma from a diffuse type of
gastric adenocarcinoma based on its histologic
characteristics (Lauren, 1965). Little is known about the
exact carcinogenetic mechanisms of gastric
adenocarcinoma. Many gastric adenocarcinomas arise on
a background of chronic atrophic gastritis with intestinal
metaplasia. Generally, intestinal type of gastric
adenocarcinoma, which occur more frequently in elderly
men, are associated with better survival. Also, many
differences in the molecular alternations between the
intestinal type and diffuse type of gastric
adenocarcinoma are seen (Ming, 1998). In our study,
diffuse type of gastric adenocarcinoma shows more
frequent loss of Smad4 expression than intestinal type of
gastric adenocarcinoma. These results suggested that
different roles of Smad4 in TGF-ß signaling pathway in
human gastric carcinogenesis in regard to the Lauren
histologic classification. But, a previous report
(Xianming et al, 2001) revealed that there was no
statistically significant difference of Smad4 expression
between intestinal and diffuse stomach cancer. Although,
there is a difference in sample selection, that is,
Xianming et al studied only in advanced gastric cancer,
we cannot suggest exact causes of these differences.
Because TGF-ß may play a pivotal role in the anti-
mitogenic and anti-invasive activities of the cells,
effectively functioning as tumor suppressor (Prunier et
al., 1999; de Caestecker et al., 2000), preserved Smad4
expression in intestinal type of gastric adenocarcinoma
suggests that intestinal type of gastric adenocarcinoma
might have better survival rate than diffuse type of
gastric adenocarcinoma. But, we cannot suggest the
exact mechanisms of loss of Smad4 expression in diffuse
type of gastric adenocarcinoma in our study. Smad4
mutations is infrequent in gastric adenocarcinoma (Lei et
al., 1996; Powell et al., 1997). So mechanisms of Smad4
down-regulation are uncertain and some other

mechanisms of down-regulation of Smad4 other than
Smad4 mutation, especially in diffuse type of gastric
adenocarcinomaa, might be present, such as
posttranscriptional modifications, methylation
abnormalities. Therefore, more in vitro and in vivo
studies are needed to confirm exact mechanisms of
Smad4 down regulation in diffuse type of gastric
adenocarcinoma.

In our study, the rate of Smad4 reduced expression
was increased in accordance with depth of invasion.
These results suggest that down regulation of Smad4
expression might be associated with increased
invasiveness and aggressiveness in gastric
adenocarcinoma. This contention is in agreement with
studies, which show that preserved Smad4 expression is
a favorable prognostic factor in patients with advanced
gastric cancer and squamous cell carcinoma of
esophagus (Xiangming et al., 2001; Fukuchi et al.,
2002). But, TGF-ß might play complex roles in
carcinogenesis by behaving as tumor suppressor or
tumor promoter (Reiss, 1996; Akhurst and Balmain,
1999). Therefore, more in vitro and in vivo studies are
needed to confirm exact roles of Smad4 in gastric
carcinogenesis. 

Taken together, it is suggested that diffuse type of
gastric adenocarcinoma has more frequent loss of Smad4
expression and this mechanism might explain some
different biologic characteristics between diffuse and
intestinal type of gastric adencarcinoma in regard to
TGF-ß functional activities. 
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