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Background : Recent studies have suggested that loss of p27Kip1 expression correlates with
poor prognosis in gastric carcinomas, although the published data is still controversial. However,
there are very few reports on the immunohistochemical expression of p27Kip1 in gastric adeno-
mas and its significance in the progression of gastric adenomas to early gastric carcinomas
(EGCs) is unclear. We therefore performed an immunohistochemical study for p27Kip1 expres-
sion in gastric adenomas with low- and high-grade dysplasia and EGCs to investigate the role
of p27Kip1 expression in gastric carcinogenesis. Methods : We collected 45 cases of endoscopic
mucosal resection specimens which were diagnosed as gastric adenomas and 20 cases of
gastrectomy specimens showing EGCs. Using a monoclonal antibody against p27Kip1, the im-
munohistochemistry was performed on paraffin-embedded specimens. Results : The loss of
p27Kip1 immunoreactivity (<5% of the tumor cells) tended to be observed more frequently in high-
grade adenomas than in the low-grade. The loss was found significantly higher in the EGCs
than in both high-grade and low-grade adenomas (p=0.000). Gastric adenomas with villous
component showed significant loss of p27Kip1 expression (p=0.057). Conclusion : These results
suggest that loss of p27Kip1 expression can play a role in the progression of gastric adenomas
into adenocarcinomas and the villous component allows reliable estimation of the possibility
for malignant transformation.
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INTRODUCTION

Gastric adenoma is a circumscribed benign neoplasm composed
of tubular or villous structures lined by dysplastic epithelium.1,2

The epithelial lining of gastric adenomas may be either the intesti-
nal-type (containing goblet cells and/or Paneth cells) or the gas-
tric-type (lined by gastric foveolar cells containing neutral mucin).
The intestinal-type epithelium is most common in gastric ade-
nomas.1 This correlates with the extensively intestinalized and
atrophic background gastric mucosa in many adenoma patients.3

This is in contrast to colonic adenomas, which often occur in a
normal mucosal background.

The dysplasia in gastric adenomas is usually classified as either
low-grade or high-grade, because this two-tiered grading system
for dysplasia has become widely accepted due to its ease of use
and high reproducibility.4 Adenomas with low-grade dysplasia
showed elongated, hyperchromatic and crowded nuclei with mild
pseudostratification. Cribriforming architecture, marked glan-

dular crowding, full-thickness nuclear stratification, and/or severe
cytologic atypia were criteria for high-grade dysplasia. The propen-
sity for unresected adenomas to give rise to gastric carcinomas has
been well described, although the exact frequency of carcinomas
arising within adenoma precursors has been reported to vary from
2.5% to >50%.5-7

p27Kip1 is a member of Cip/Kip family of cyclin-dependent
kinase (cdk) inhibitors, which includes the p21, p27, and p57
protein. The p27Kip1 protein is present in quiescent cells, and the
levels decrease when the cells are stimulated by growth factors.8

A decrease or an absence of p27Kip1 protein expression has been
suggested to be a powerful negative prognostic marker in patients
with various malignancies, including breast, colon, and esophageal
cancers.8-10 Several studies also showed that a reduction in p27Kip1

protein level may reflect the progression of gastric carcinomas and
might be an indicator of high-grade malignancy.11-13 Although
the immunohistochemical expression and the prognostic value
of p27Kip1 have been studied relatively extensively in gastric car-
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cinomas,11-16 few studies on the p27Kip1 expression in gastric car-
cinogenesis including gastric adenomas and early gastric carci-
nomas (EGCs) have been performed.

This study aimed to evaluate p27Kip1 expression and clinico-
pathological characteristics in gastric adenomas including low-
and high-grade adenomas and to elucidate the role of p27Kip1 ex-
pression and any significant clinicopathological factors in the evo-
lution of gastric adenomas into EGCs.

MATERIALS AND METHODS

Specimens and histological evaluation

Between 1998 and 2002, 45 gastric adenomas in 43 patients,
which were diagnosed based on a histological examination of
forceps biopsy specimens, were treated by an endoscopic mucosal
resection (EMR). For a comparison of several clinicopathological
parameters and the immunoreactivity for p27Kip1 protein with
those of gastric adenomas, 20 gastrectomy specimens of EGCs
were included in this study. The endoscopy reports and phc-
tographs were reviewed to provide data on the size and location
of the adenomas. The information on the size and location of
the EGCs were obtained from the pathology reports.

The following clinical, endoscopic, and histological features
of adenomas and EGC were evaluated in each patient: age, sex,
size, number, location, presence of intestinal metaplasia in the
lesions and in the surrounding mucosa, adenocarcinomas with-
in the adenomas and in the nonpolypoid mucosa, and the pres-
ence of Helicobacter pylori (H. pylori) and atrophic gastritis in the
surrounding mucosa. Adenomas were classified as being low-grade
if they showed multiple, small, round, glandular structures lined
by crowded elongated cells with hyperchromatic and mildly strat-
ified nuclei. High-grade dysplasia was defined by the irregular
tubular structures with branching architecture, glandular crowd-
ing, full-thickness nuclear stratification, and/or severe cytologic
atypia. No degree of stromal invasion was allowed in this cate-
gory. Carcinomas associated with gastric adenomas were classi-
fied as intratumoral, when an invasion into the lamina propria
only or into the submucosa was detected.

Immunohistochemical staining and interpretation

Four- m-thick tissue sections were cut from formalin-fixed,
paraffin-embedded blocks of 45 EMR specimens from gastric
adenomas and 20 gastrectomy specimens, and placed on the silane-

coated slides. All the sections were deparaffinized through a
series of xylene baths, and rehydrated through a graded series of
alcohol. The sections were microwaved in 10 mM citrate buffer
at 90℃ for 10 min and were treated with a 3% H2O2-PBS solu-
tion to reduce the  endogenous peroxidase activity. They were
then incubated with normal bovine serum to reduce the nonspe-
cific antibody binding and were subsequently subjected to the
primary antibody reactions. The primary antibody used in this
study was mouse anti-human-p27Kip1 monoclonal antibody (clone
57, Transduction Laboratories, Lexington, KY, USA) at a dilution
of 1:500. After reaction with the primary antibody for 1 h at room
temperature, the immunoreactive sites were detected by avidin-
biotin-peroxidase complex method using a LSAB kit (DAKO).
The sections were subjected to a color reaction with 3,3-diamino-
benzidine tetrahydrochloride containing 3% H2O2 in a Tris buffer
and were lightly counterstained with Mayer’s hematoxylin.

The immunostained cells for p27Kip1 were considered positive
only when a distinct nuclear staining was identified. The level
of immunoreactivity in gastric adenomas and EGCs was interpret-
ed as having reduced or no p27Kip1 expression, if 5% or less of
the tumor cell nuclei expressed p27Kip1.

Statistical analysis

Several clinical and endoscopic parameters were analyzed by
univariate and multivariate analyses between the low- and high-
grade adenomas and between the high-grade adenomas and EGCs.
In the univariate analysis, a student t-test was used to compare
the patients’ ages, and the other parameters were analyzed by a
chi-square test. Several clinicopathological parameters were com-
pared between two groups of gastric adenomas and the signifi-
cance of difference was tested by a Fisher’s exact test. The signif-
icance of difference in the reduced p27Kip1 expression among low-
and high- grade groups of gastric adenomas and EGCs and be-
tween two categorical clinicopathological variables was analyzed
by a Fisher’s exact test. A p value ≤0.05 was considered statis-
tically significant.

RESULTS

Clinical and endoscopic findings in gastric adenomas
and early gastric carcinomas (Table 1 and 2)

Gastric adenomas occurred predominantly in males of both
low- and high-grade groups. EGC patients also showed a male
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predominance, with 14 males (70%) and 6 females (30%).
Adenomas were mainly distributed at the body and antrum

of the stomach; body (23 polyps, 51.1%), antrum (14 polyps,
31.1%), angle (8 polyps, 17.7%). Most adenomas were solitary
in 42 out of 45 cases (93.3%) and only 3 patients had two polyps
each. EGCs showed an antral predominance (60%) in the loca-
tion and solitary polyps in all 20 cases. The sizes of adenomas and
EGCs were determined from the endoscopy and pathology reports,
respectively, in all 65 cases and ranged from 0.4 to 4 cm in the
adenomas and from 0.3 cm to 3.5 cm in the EGCs. A summary
of the clinical and endoscopic findings in the 45 gastric adenoma
cases and 20 EGC cases is shown in Table 1.

When univariate analysis was performed on the clinical and
endoscopic parameters between the low- and high-grade adeno-
mas, two of the variables listed in Table 1 -location and size- were
found to have a statistically significant relationship with the grade
of gastric adenomas. However, multivariate analysis (logistic re-
gression method) showed that only the location was significantly
associated with the degree of dysplasia in the gastric adenomas.
In the univariate analysis between the high-grade adenomas and
EGCs, age and location revealed a significant difference between
the two groups. In the multivariate analysis, however, no signif-
icant difference in any parameters was found between them. The
results of univariate and multivariate analyses are summarized
in Table 2.

Clinicopathological findings within gastric adenomas
and EGCs and background gastric mucosa (Table 3)

On histologic examination the majority of gastric adenomas
and background mucosa showed intestinal metaplasia (97.7%
and 95.5%), whereas only 45% of EGCs revealed it within the

a: The number in parenthesis means the second data of the patients
with multiple polyps. The number of polyps in all the cases with the mul-
tiple polyps is two. EGC: early gastric carcinoma, SD: standard deviation.

Gastric adenomas

Low-grade (n=25)   High-grade (n=20)

Gender distribution
Female 7 (28%) 3 (15%) 6 (30%) 
Male 18 (72%) 17 (85%) 14 (70%)

Age (mean±SD) 63.0±7.2 67.1±8.6 58.2±9.1
Location

Body/fundus 16 (18)a (64%) 7 (35%) 7 (35%)
Antrum/pylorus 8 (9)a (32%) 6 (30%) 12 (60%)
Angle 1 (4%) 7 (35%) 1 (5%)

No. of lesions
Single 22 (88%) 20 (100%) 20 (100%)
Multiple 3 (12%) 0 0

Size (cm)
<0.5 (2)a 0 2 (10%)
0.5-<1 10 (11)a (40%) 3 (15%) 3 (15%)
1-<2 13 (52%) 7 (35%) 5 (25%)
2-<3 2 (8%) 7 (35%) 6 (30%)
≥3 0 3 (15%) 4 (20%)

Table 1. Clinical and endoscopic findings in patients with gas-
tric adenomas and EGCs

A: denotes comparison between low- and high-grade adenomas. B:
denotes comparison between high-grade adenomas and early gastric
carcinomas. UA: unavailable due to failure to analyze the data in the mul-
tivariate analysis. a: p value <0.05.

Parameters
Univariate analysis

A B A B

Multivariate analysis

Age 0.092 0.003a 0.110 0.375
Sex 0.473 0.451 0.117 0.357
Location 0.016a 0.039a 0.050a 0.310
Number 0.242 UA 0.893 UA
Size 0.012a 0.635 0.156 1.000

Table 2. Results of univariate and multivariate analyses of clini-
cal and endoscopic parameters

a: p value between low- and high- grade adenomas. EGC: early gastric carcinoma, L: location, H. pylori: Helicobacter pylori.

Overall adenomas (n=45) Low-grade adenomas (n=25) High-grade adenomas (n=20) EGCs (n=20) p valuea

Size < 2 cm 32 (71.1%) 23 (92%) 9 (45%) 10 (50%) 0.001
Antral/pyloric L. 14 (31.1%) 8 (32%) 6 (30%) 12 (60%) 1.000
Intestinal metaplasia

Intratumoral 44 (97.7%) 25 (100%) 19 (95%) 9 (45%) 1.000
Surrounding 43 (95.5%) 24 (96%) 19 (95%) 20 (100%) 1.000

Adenocarcinoma
Intratumoral 3 (6.6%) 0 3 (15%) 0.08
Surrounding 2 (4.4%) 2 (8%) 0 0.495

Villous component 9 (20%) 2 (22%) 7 (78%) 0.057
Surrounding mucosa

H. pylori gastritis 5 (11.1%) 3 (12%) 2 (10%) 1 (5%) 1.000
Atrophic gastritis 22 (48.8%) 12 (48%) 10 (50%) 6 (30%) 1.000

Table 3. Comparison of clinicopathologic findings among low-grade, high-grade gastric adenomas and EGCs

EGC
(n=20)
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lesions. However, intestinal metaplasia was found in the back-
ground mucosae of all the EGCs. H. pylori gastritis in the back-
ground mucosa was detected in a small number of gastric ade-
noma and EGC cases (11.1% and 10%, respectively). Atrophic
gastritis was more prominent than H. pylori gastritis in 48.8%
and 30% of gastric adenomas and EGCs, respectively.

Malignant transformation within the gastric adenomas was
found in 3 high-grade adenoma cases (15%), while the low-grade
adenomas showed no adenocarcinoma (0%) within the lesions.
However, surrounding mucosa disclosed 2 cases of adenocarcino-
mas only in the low-grade adenomas (8%) and not in the high-
grade lesions. Those differences of intratumoral and surrounding
adenocarcinomas between low- and high-grade adenomas, how-
ever, were not statistically significant. The gastric adenomas were
classified into tubular and villotubular subtypes, based on the
presence of villous component. The villotubular adenomas were
found in only 9 of all 45 cases and a majority was found in the
high-grade adenomas (7 cases). The villous component appeared
to be significantly higher in the high-grade adenomas than the
low-grade lesions (p=0.057).

Immunohistochemical expression for p27Kip1 in gastric
adenomas and EGCs and its correlation with the 
clinicopathological variables in gastric adenomas
(Table 4 and 5)

In the normal gastric mucosa, a distinct nuclear p27Kip1 expres-
sion was observed mainly in the normal lymphocytes in the lam-
ina propria and occasionally in the foveolar epithelial cells (Fig. 1).
Most low-grade adenoma cases (22 out of 25 cases, 88%) revealed
a distinct nuclear positivity for the p27Kip1 protein in more than
5% of the tumor cells (Fig. 2).

The loss of p27Kip1 expression tended to appear more frequently
in high-grade adenomas (Fig. 3) than in the low-grade lesions,
although the difference was not statistically significant (p=0.083).
EGCs showed loss of p27Kip1 expression in most cases (19 of 20

cases, 95%) (Fig. 4), which was significantly higher than the fre-
quencies of both low-and high-grade adenomas (p=0.000). p27Kip1

expression was not dependent on the size of gastric adenoma, when
the size criteria of 2 cm was applied to the p27Kip1 (-) and (+) groups
(p=1.000). No significant difference in p27Kip1 expression was
found between the H. pylori (+) and (-) groups. Adenomas with
malignant transformation were more frequently p27Kip1 negative
than pure gastric adenomas, with no statistically significant differ-
ence (p=0.143). On the other hand, the frequency of a reduced
p27Kip1 expression was significantly higher in the villotubular
adenomas than in the tubular adenomas (p=0.002).

DISCUSSION

The terms ‘‘gastric epithelial dysplasia’’ and ‘‘adenoma’’ refer
to the architecture of the lesion formed by the dysplastic epithe-
lium. These two types of lesion are classified as ‘‘noninvasive neo-
plasia’’ according to the Padova international classification.17

When the dysplastic epithelium forms a discrete macroscopic
mass that protrudes into the lumen, it is classified as an adenoma.
Recently, gastric adenomas are generally divided into low- and
high-grade adenomas. The importance of classification into the
two subtypes of low- and high-grade adenomas is based on the
different risk of developing cancer between the two subcategories
of gastric adenomas. A study by Park et al.18 revealed that high-
grade dysplasia had a significant relationship with malignant
transformation. In our study, overall adenomas showed malignant
transformation in 3 out of 45 cases (6.6%), among which all were
high-grade adenomas. No low-grade adenomas underwent a

*
a: 0.083. **

b: 0.000, between low-grade adenomas and EGCs or be-
tween high-grade adenomas and EGCs. EGC: early gastric carcinoma.

Lesions (No. of cases)
p27

p value
Negative Positive

Low-grade adenomas (25) 3 (12%) 22 (88%)
High-grade adenomas (20) 7 (35%) 13 (65%)
EGCs (20) 19 (95%) 1 (5%)

Table 4. Comparison of immunohistochemical expression for
p27 protein among low- and high-grade gastric adenomas and
EGCs

*
a

**
b

H. pylori: Helicobacter pylori.

Size of adenomas
<2 cm 2 (25) 9 (75) 1.000
≥2 cm 7 (21) 26 (79)

H. pylori infection
Present 2 (40) 3 (60) 0.306
Absent 8 (20) 32 (80)

Villous component
Villotubular adenomas 6 (67) 3 (33) 0.002
Tubular adenomas 4 (12) 32 (88)

Malignant transformation
Adenoma with carcinoma 2 (66) 1 (34) 0.143
Adenomas 9 (21) 33 (79)

Table 5. Correlation between immunohistochemical expression
for p27 protein and clinicopathologic variables in 45 gastric ade-
nomas

Clinicopathologic variables
p27

Negative Positive
p value
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malignant transformation. High-grade adenomas showed a higher
tendency for malignant transformation than low-grade ones (15%
versus 0%), although the difference in the rates of malignant
change between them was not statistically significant (p=0.08).
In the literature, the incidence of carcinomas arising within ade-
nomas reported varies considerably from 2.5% to >50%5-7 and

also synchronous gastric carcinomas have been reported in gastric
adenomas with varying frequencies, ranging from 8% to 59%.18

In the current study, synchronous cancers were found in only 2
cases of low-grade adenomas (8%).

The epidemiological and histopathological studies pioneered
by Correa19 showed that a gastric cancer of the intestinal type

Fig. 2. Low-grade gastric adenoma shows p27 nuclear immunopos-
itivity in the cells more than 5%.

Fig. 3. High-grade gastric adenoma discloses loss of p27 expres-
sion by p27 immunopositivity in less than 5% of the nuclei of the
adenoma cells.

Fig. 4. Early gastric adenocarcinoma reveals no p27 immunoreac-
tive nuclei in contrast to the adjacent normal lymphocytes in the
lamina propria.

Fig. 1. Immunohistochemical staining p27 in normal gastris mucosa
reveals distinct nuclear positivity in the lymphocytes of lamina proria
and occasionally in the foveolar epithelial cells.
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frequently develops through a sequence of histological events:
diffuse chronic gastritis, often mucosal atrophy, intestinal meta-
plasia, dysplasia, and finally invasive carcinoma. Gastric dyspla-
sia usually develops in the setting of intestinal metaplasia (usu-
ally of incomplete type), although it may also occurs in apparently
normal mucosa.20 Several prospective and retrospective serologic
studies have now linked Helicobacter pylori (H. pylori) infection to
gastric cancer.21,22 H. pylori infection is clearly associated with the
induction of chronic inflammation of the gastric mucosa and the
progressive development of metaplastic changes. This study also
investigated the occurrence of intestinal metaplasia (IM), H. pylori
infection, and atrophic gastritis in the mucosa surrounding the
low- and high-grade gastric adenomas. Both subtypes of gastric
adenomas similarly revealed a very high incidence of IM (95%
and 96%), whereas H. pylori infection was relatively rarely found
in both of them (12% and 10%). Atrophic gastritis was found to
be moderately high in both subtypes (48% and 50%). This much
lower incidence of H. pylori infection compared to that of IM and
atrophic gastritis might be interpreted that H. pylori organisms
cannot colonize the metaplastic epithelia since they lack the nec-
essary bacterial adhesion factors.23 EGCs showed a similar tenden-
cy for those results with the gastric adenomas, but IM within the
tumor lesions occurred much less frequently in EGCs than in
gastric adenomas (45% versus 95-100%).

p27Kip1 is a cyclin-dependent kinase inhibitor, inhibiting the
G1 to S transition by binding to the complexes of G1 cyclins and
cyclin-dependent kinases thereby preventing the progression of
the cell cycle.24 Loss of p27Kip1 has been described to correlate
with the factors associated with an aggressive tumor behavior
in gastric carcinoma, although the results are still controversial.
Several studies reported that a loss of p27Kip1 was an independent
predictor of a poor survival in multivariate analyses. The studies
mentioned above found a correlation between the p27Kip1 expres-
sion and the clinicopathological parameters such as the depth of
invasion, a lymph node metastasis, a poorly differentiated histol-
ogy, a diffuse type of tumor, and a lymphatic invasion.12,13 On
the other hand, another studies have reported that there was no
correlation between the level of p27Kip1 expression and the survival
or variable prognostic parameters in gastric carcinomas.14-16

In comparison to the studies for p27Kip1 expression in gastric
carcinomas, those in gastric adenomas and/or gastric carcinogen-
esis are very few. A study reported by Oya et al.25 showed that a
low p27Kip1 expression was considered to be a great value for esti-
mating the dysplastic progression of gastric adenomas into car-
cinomas, because the frequency of a low p27Kip1 expression in the
carcinoma lesions was higher than in low- and high-grade ade-

noma lesions. In our study, we applied the different criteria for
the interpretation of reduced p27Kip1 expression (<5% of tumor
cells) from that of the previous study by Oya et al.23 (<50 % of
tumor cells), but the p27Kip1 expression was reduced progressively
from the low-grade to high-grade adenomas and then to EGCs
(12%, 35%, and 95%), too. The high-grade adenomas revealed
a tendency for the p27Kip1 expression to be lower than in the low-
grade adenomas, although the difference between them was not
statistically significant (p=0.083). EGCs showed a significantly
reduced p27Kip1 expression compared to both low- and high-grade
adenomas (p=0.000). We thus guessed that the loss of p27Kip1

expression play a role in the progression of gastric adenomas into
carcinomas.

It is known that adenomatous polyps with a diameter of 2 cm
or more have been regarded as having a malignant potential.26

However, another study reported that 75% of adenomas smaller
than 2 cm showed focal carcinomas.18 When we applied the size
criteria of 2 cm to the p27Kip1 expression, it was not dependent
on the size of gastric adenomas. Therefore, we consider that it
is likely that even small adenomas less than 2 cm in diameter still
have a potential to be malignant, which could have an influence
on the p27Kip1 expression. The malignant potential of a gastric
adenoma is generally believed to be dependent on its histologi-
cal composition. As with adenomas of the colon, most cancers
developed in villous rather than tubular adenomas.18,27 In the cur-
rent study, 3 adenomas showed the foci of adenocarcinoma within
the polyps, and two of them were the villotubular types. When
we also compared the p27Kip1 expression between the adenomas
showing a villous component and those showing tubular compo-
nent only, the loss of p27Kip1 expression was found more frequently
in the villotubular adenoma groups (p=0.002). Gastric cells chron-
ically exposed to H. pylori infection have been reported to be resis-
tant to apoptosis and express reduced amounts of p27Kip1.28 Our
results, however, showed that there was no significant difference
of loss of p27 expression between H. pylori (+) and (-) groups
(p=0.306).

Decrease of p27Kip1 is reported to be due to post-translational
degradation of produced p27Kip1 protein by the ubiquitin-proteo-
some pathway and not due to the reduced synthesis of the p27Kip1

protein.29 Mutations as the reason for decreased p27Kip1 levels in
cancer cell nuclei are rare.30 Therefore, immunohistochemistry
appears to be a viable method for assessing the p27Kip1 expression
in neoplasia. Our results also showed that the loss of p27Kip1 ex-
pression could be used as an important diagnostic indicator for
the malignant potential of gastric adenomas in the gastric biopsy
specimens.
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In summary, high-grade adenomas tended to show higher fre-
quency of both the carcinomatous change and loss of p27Kip1 ex-
pression than low-grade adenomas. EGCs revealed a much more
frequent loss of p27Kip1 expression than both grades of adenomas.
The villous component in the gastric adenomas induced a signif-
icant loss of p27Kip1 expression, whereas the size and H. pylori infec-
tion didn’t. These results suggest that a loss of p27Kip1 expression
can play a role in the disease progression of gastric adenomas into
carcinomas or to a degree of low-grade into high-grade gastric
adenomas. In addition, the villous component in gastric adeno-
mas could be indicative of the possibility of malignant change
associated with the loss of p27Kip1 expression.
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