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Abstract
AIM: Disruption of cell cycle regulation is a critical event in
carcinogenesis, and alteration of the retinoblastoma (pRb)
tumour suppressor pathway is frequent. The aim of this
study was to compare alterations in this pathway in proximal
and distal gastric carcinogenesis in an effort to explain the
observed striking epidemiological differences.
METHODS: Immunohistochemistry was performed to
investigate expression of p16 and pRb in the following
groups of both proximal (cardia) and distal (antral) tissue
samples: (a) biopsies showing normal mucosa, (b) biopsies
showing intestinal metaplasia and, (c) gastric cancer
resection specimens including uninvolved mucosa and
tumour.
RESULTS: In the antrum there were highly significant
trends for increased p16 expression with concomitant (and
in the group of carcinomas inversely proportional)
decreased pRb expression from normal mucosa to intestinal
metaplasia to uninvolved mucosa (from cancer resections)
to carcinoma. In the cardia, there were no differences in
p16 expression between the various types of tissue samples
whereas pRb expression was higher in normal mucosa
compared with intestinal metaplasia and tissue from
cancer resections.
CONCLUSION: Alterations in the pRb pathway appear to
play a more significant role in distal gastric carcinogenesis.
It may be an early event in the former location since the
trend towards p16 overexpression with concomitant pRb
underexpression was seen as early as between normal
mucosa and intestinal metaplasia. Importantly, the marked
differences in expression of pRb and p16 between the
cardia and antrum strongly support the hypothesis that
tumours of the two locations are genetically different which
may account for some of the observed epidemiological
differences.
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INTRODUCTION
In the last decades the pattern of incidence of gastric cancer in
the Western world has changed. Distal (corpus and antrum)
cancers have decreased slightly whereas proximal (cardia/
gastro-oesophageal) cancers have increased more than any other
cancer[1,2]. The tumours are morphologically indistinguishable
and intestinal metaplasia (IM) appears to be an important step
in carcinogenesis in both sites[3,4]. The observed epidemiological
differences are likely to be due to differences in the genetic
pathways of carcinogenesis. However, so far they are poorly
evaluated[4-6].
Abnormal regulation of the cell cycle is a feature of many
neoplasms[7]. Regulation of the G1/S checkpoint is critical
and is controlled by the retinoblastoma protein (pRb).
Phosphorylated pRb releases E2F transcription factors which
activate genes involved in DNA synthesis and cause G1/S
transition. Phosphorylation of pRb is stimulated by the cyclin
dependent kinase (CDK) 4-cyclin D complex. p16 specifically
binds CDK4 which displaces it from cyclin D and thus acts to
maintain pRb in an underphosphorylated state which causes G1
arrest[8]. Disruption of this so-called ‘Rb pathway’ is a critical
event in many tumours. It is resulted from primary inactivation
of Rb function, by overexpression of CDKs, or through loss of
p16[7] which has a similar effect of G1/S progression. Several
studies have shown a reciprocal expression of p16 and pRb[9,10].
The role of the pRb pathway in gastric carcinogenesis is
the subject of many papers. In distal gastric cancers it may
be that disruption of p16 is an early event[11] and a recent
immunohistochemical study [12] has shown a progressive
decrease in expression from gastritis to atrophy and dysplasia.
Less information is available on the role of pRb expression.
The aim of the present study was to compare the role of the
pRb pathway in proximal and distal gastric cancers. p16 and
pRb immunoexpression was investigated in the following
groups of both proximal (cardia) and distal (antral) tissue
samples: (a) biopsies showing normal mucosa, (b) biopsies
showing intestinal metaplasia and, (c) gastric cancer resection
specimens including uninvolved mucosa and tumour.
MATERIALS AND METHODS
Patient and specimen data
Six groups were included in this cross sectional study on
archival, paraffin embedded tissues. The material was retrieved
from the files in Beaumont Hospital, Dublin, Ireland and the
local ethics committee approved the study. Tissue samples from
the gastric cardia included endoscopic biopsies showing
histologically normal mucosa (n=56) or IM (n=49) and material
from gastric cancer resection specimens (n=39). Non-involved
mucosa as well as tumour were investigated in the latter specimens.
Tissue samples from the gastric antrum included the same
groups: Normal (n=52), IM (n=50) as well as non-involved
mucosa and tumour from cancer resections (n=78). All patients
were Caucasians. Clinical details are shown in Table 1.
Endoscopic biopsy material was obtained from patients
who had presented to the endoscopy service with a variety of
upper gastrointestinal symptoms. Biopsies of the cardia were
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Table 1 Clinical data
Proximal
Biopsies normal
Number of subjects
Gender{F/M}
Age, years
Mean and (SD)
Tumour type
TNM-stage,
mean and (SD)

56
28/28
50 (16)

Biopsies IM
49
22/27
58 (16)A

Distal
Cancer resections
39
13/26
67 (11)B

Biopsies normal
52
30/22
52 (18)

30 Intestinal
9 Diffuse
T 3.1 (0.6)
N 1.0 (0.8)

Biopsies IM
50
29/21
59 (14)C

Cancer resections
78
34/44
69 (10)D
42 Intestinal
36 Diffuse
T 3.0 (1.1)
N 1.0 (0.8)

There was a significant stepwise increase in patient age between patients with biopsies showing normal mucosa to patients with
biopsies showing IM to patients with gastric cancer resections in both proximal and distal locations. A-D, P<0.0001.
SD=Standard deviation.

only included when clearly labelled as such on the original
request form without any endoscopic suspicion of Barrett’s
oesophagus or any prior or subsequent oesophageal biopsies
showing Barrett’s metaplasia. The distinction between
proximal and distal gastric cancers was made on the basis of
the clinical data as well as macroscopic description of the
resection specimens on the pathology report. A case was
labelled as proximal gastric cancer if it straddled the gastrooesophageal junction with approximately equal amounts in the
oesophagus and stomach and no histological evidence of
Barrett’s mucosa in the oesophagus. Distal gastric cancers were
labelled as such when the tumour was clinically, macroscopically
and histologically (i.e. at no point adjacent to squamous mucosa)
confined to the more distal stomach. Tumours were classified
according to the Lauren classification[13] as diffuse or intestinal.

Methods
Initially, 4 µm sections were cut from all blocks and stained
with haematoxylin and eosin. Tissue microarrays (TMAs) were
constructed[14]. The technique involves taking cylindrical core
biopsies from ‘donor’ blocks with subsequent precise arraying
into a new ‘recipient’ paraffin block using a precision instrument
(Beecher Instruments, Silver Spring, MD, USA)[14,15]. Two
different types of TMAs were constructed. Endoscopic biopsy
fragments from wax blocks were arrayed using 2 mm punches.
This size punch covers most endoscopic fragments in toto and
all individual fragments from a donor wax block were sampled
in separate cores (in this study 1-8 cores per donor block).
Therefore, all the tissue from an original donor block containing
endoscopic biopsy material was arrayed into the TMA block.
Each ‘biopsy-TMA’ could hold up to 40 2 mm cores (i.e. up
to 40 donor blocks depending on numbers of tissue fragments
per original donor block). In the cancer resection specimens a
different type of TMA was constructed due to the large size of
tissue pieces in each block. The whole-section glass-slides were
evaluated and areas of tumour as well as uninvolved mucosa
were marked on the glass slides and identified in the
corresponding wax blocks. Four 0.6 mm core biopsies were
taken from each area. In 31 cases tumour and uninvolved
mucosa were not present in the same wax block and two
separate blocks were used. In this fashion, a total of 8 cores
were taken per case (4 from tumour and 4 from uninvolved
mucosa) with 35-40 cases (a total of 280-320 cores) fitted on
to each TMA-block. Using TMAs the total number of TMAblocks constructed was twenty-one.
Immunohistochemistry
Monoclonal mouse antibodies directed against p16 (1:100.
Clone G175-405, PharMingen, USA) and pRb (1:300. Clone
M7131, DAKO, Denmark) were used. Immunostaining was

performed using standard procedures. Heat mediated antigen
retrieval using a pressure cooker was required to unmask the
antigen sites. Antibody binding was detected using the Vectastain
universal elite ABC-peroxidase kit (Vector Laboratories Inc.,
Burlingame, CA, USA). The positive p16 control was a case
of severe uterine cervical dysplasia which strongly expressed
p16 in dysplastic foci. The positive control for pRb was a multitissue block including tonsil.

Immunohistochemical interpretation
p16 Positive staining was defined as nuclear staining whereas
cytoplasmic staining was considered non-specific and ignored.
Extent was scored semi-quantitatively as negative (0) if <5%
of cells stained, 1 if 5-25% of cells stained, 2 if 26-50% of
cells stained and 3 if >50% cells stained. In cancer resections
the average score was calculated from each of the four 0.6 mm
TMA cores of either carcinoma or non-involved mucosa. The
average score of each of the four decided the overall positivity/
negativity.
pRb Nuclear staining was considered positive. Extent was
scored semi-quantitatively as negative (0) if <5% of cells
stained, 1 if 5-25% of cells stained, 2 if 26-50% of cells stained
and 3 if >50% cells stained. In cancer resections the average
score was calculated from each of the four 0.6 mm TMA cores
of either carcinoma or non-involved mucosa. The average score
of each of the four decided the overall positivity/negativity.
Statistical analysis
Statistical significance was defined as P<0.05. Chi-square test
was used for comparison between groups. Logistic regression
analysis on the actual numbers of positive cases was used to test
trends between tissue types within the proximal and distal groups.
RESULTS
Comparisons of p16 expression between different histological
subsets within proximal and distal locations
In mucosa from biopsies (i.e. not associated with carcinoma)
with and without intestinal metaplasia there was a low level of
expression in both proximal and distal locations, mainly within
the neck regions of the glands and absent in superficial
epithelium. In distal tissue samples there was a statistically
significant stepwise increase from normal mucosa to intestinal
metaplasia to non-involved mucosa from cancer resections to
carcinoma (P<0.0001, Table 2). In proximal tissue samples
no such trend was noted and there were no differences between
the different tissue samples (Figure 4). No differences in p16
expression were noted between tumour types in either of the
two locations and there were no correlations between p16
expression and stage of tumour or any clinical parameters.
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Figure 1 Antral biopsy showing focal intestinal metaplasia. This composite figure shows the H&E appearance, negative p16
staining (with some positive inflammatory cells in the background) and positive pRb staining limited to the neck region of the
glands. Original magnification 200×.
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Figure 2 Gastric antral carcinoma of intestinal type. The same 0.6 mm TMA core is shown stained with H&E, p16 and pRb. The
latter is negative whereas p16 shows strong nuclear and cytoplasmic staining. The cytoplasmic staining was ignored for the
scoring. Original magnification 200×.
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Figure 3 Gastric antral carcinoma of intestinal type. The same 0.6 mm TMA core is shown stained with H&E, p16 and pRb. The
latter shows strong and crisp nuclear staining whereas p16 is negative. Original magnification 200×.
Table 2 Percentage of cases staining for and extent scores of p16 and pRb
Proximal

Number and (%) of cases
positive for p16
Mean (and SD) of extent
scores for p16
Number and (%) of cases
positive for pRb
Mean (and SD) of extent
scores for pRb

Distal

Biopsies
normal

Biopsies
IM

Resections
UM

Resections
cancer

Biopsies
normal

Biopsies
IM

Resections
UM

Resections
cancer

12 (21%)

13 (27%)

8 (21%)

13 (33%)

4 (8%)

13 (26%)

37 (47%)

42 (54%)

0.21 (0.41)

0.27 (0.45)

0.23 (0.48)

0.41 (0.68)

0.077 (0.27)

0.26 (0.44)

0.49 (0.53)

0.69 (0.79)

52 (93%)

37 (76%)

31 (80%)

30 (77%)

46 (88%)

35 (70%)

51 (65%)

38 (49%)

0.41 (0.5)

0.34 (0.48)

0.33 (0.48)

0.5 (0.51)

0.42 (0.5)

0.24 (0.43)

0.17 (0.38)

0.28 (0.45)

SD: Standard deviation. UM: Uninvolved mucosa from cancer resections.
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Comparisons of pRb expression between different histological
subsets within proximal and distal locations
pRb was highly expressed in normal epithelium and intestinal
metaplasia, mainly in the more proliferative areas, i.e. the neck
region within the glandular epithelium. In both proximal and
distal stomach there was a statistically significant trend for
decreased pRb expression from normal mucosa to intestinal
metaplasia to non-involved mucosa from cancer resections to
carcinoma. It was more pronounced in the distal tissue samples
(P<0.0001) than in the proximal tissue samples (P=0.035) and
in the latter location it was mainly a function of the high
expression in normal mucosa compared with the other
histological subsets which showed very similar expression rates
(Figure 5). No differences in pRb expression were noted
between tumour types in the two locations and there were no
correlations between pRb expression and stage of tumour or
any clinical parameters.
60

%

c

distal and proximal stomach although in the latter location it
was most likely due to the high expression in normal mucosa
compared with the other types of tissues. aThere was a significantly lower pRb expression in distal than in proximal
carcinomas, P=0.0047.

Comparison of p16 and pRb expressions between similar
histological subsets in proximal versus distal location
In cancer resection specimens there was a significantly lower
expression of p16 in proximal than distal location, both in
uninvolved mucosa (P=0.0048) and carcinoma (P=0.0036)
whereas the opposite was seen in normal mucosa (P=0.0045)
(Figure 4). pRb expression was significantly higher in proximal
carcinomas (P=0.0047) (Figure 5).
Correlations between pRb and p16
In distal carcinomas there was a significantly negative association
between expressions of the two molecules (P=0.043) (Table 3).
Table 3 p16 versus pRb staining in distal gastric carcinomas

b
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Figure 4 Graph showing percentage of p16 positive cases as
pairs of proximal (empty columns, left hand sides) and distal
(black columns, right hand sides) tissue samples. N: Biopsies
showing normal mucosa, IM: Biopsies showing intestinal
metaplasia, NT: Non-involved mucosa from gastric cancer
resection specimens, T: Tumour from gastric cancer resection
specimens. There was a significant stepwise increase in expression from normal mucosa intestinal metaplasia noninvolved mucosa from cancer resections carcinoma in the
distal stomach only. aThere was a significantly lower p16 expression in distal normal mucosa than in proximal normal
mucosa, P=0.0045. b and c: There was a significantly higher p16
expression in both non-involved as well as carcinoma from
cancer resections from distal compared with proximal stomach,
b
P=0.0048 and cP=0.036.
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This distribution was significant, P=0.043.
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Figure 5 Graph showing percentage of pRb positive cases as
pairs of proximal (empty columns, left hand side) and distal
(black columns, right hand side) tissue samples. N: Biopsies
showing normal mucosa, IM: Biopsies showing intestinal
metaplasia, NT: Non-involved mucosa from gastric cancer resection specimens, T: Tumour from gastric cancer resection
specimens. There was a significant stepwise decrease in expression from normal mucosa intestinal metaplasia non-involved mucosa from cancer resections carcinoma in both the

DISCUSSION
Disruption of cell cycle regulation is a critical event in
carcinogenesis. Alteration of the retinoblastoma (pRb) tumour
suppressor pathway, which controls the G1/S checkpoint, is a
common event in many neoplasms and typically implicates
abnormal expression of both pRb and p16 although other
molecules may be involved.
The current study aimed to compare alterations in this
pathway in proximal and distal gastric carcinogenesis in an
effort to explain the observed epidemiological differences
between the two sites. Immunohistochemistry was performed
to investigate expression of p16 and pRb in various histological
stages from normal mucosa to carcinoma in both proximal
(cardia) and distal (antral) tissue samples.
The results of this study showed highly significant trends
for increase in p16 expression with a concomitant decrease in
pRb expression in distal tissue samples from normal mucosa
to intestinal metaplasia to uninvolved mucosa from cancer
resections to carcinoma. This suggests that the pRb pathway
plays a definite role in distal gastric carcinogenesis. It may be
an early event since the trend towards p16 overexpression and
pRb underexpression was seen even between normal mucosa
and intestinal metaplasia. In the proximal stomach no
differences in p16 expression were seen between the various
stages whereas pRb expression decreased slightly from normal
mucosa to carcinoma. This seemed to be mainly an effect of a
higher expression of pRb in normal mucosa compared with
any of the other tissue samples. Furthermore, the trend for
decreasing pRb was not matched by an increase in p16
expression and there was no inverse relationship between the
two molecules in the group of carcinomas. Taken together this
argues against the pRb pathway as important in proximal gastric
carcinogenesis.
Other studies on (distal) gastric carcinogenesis have shown
a similar p16 ‘overexpression’ in gastric carcinomas[16,17] with
weak staining in non-involved mucosa. However, a recent
immunohistochemical study found a progressive p16 decrease
and a pRb increase from gastritis to dysplasia[12] in samples
from the cardia. This is surprising in view of the opposite trend
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in distal gastric samples seen here and also by others[17]. The
reason for this discrepancy is uncertain. In the above-mentioned
study patients were from an area in China with a high incidence
of gastric carcinoma and compared with the current study,
different entities (chronic gastritis, dysplasia) were investigated.
Also, racial differences may play a role since all the patiens in
this study were Caucasians.
A study on p16 expression in normal tissues[18] showed
some staining in gastric antral glands. The following scenario
is therefore likely: p16 is expressed with a low frequency in
the normal state, which may be related to a relatively low
proliferative status. In support of this is the limited expression
in glandular (proliferative area) rather than surface epithelium
(quiescent area) seen here and also noted by others[17,18]. In
tumours there may be loss of negative feedback through
decrease in pRb expression which causes p16 overexpression
and other studies have also shown an inverse relationship
between expression of the two molecules[9,10]. The current study
showed mainly cases of distal gastric cancer resections with
gain of p16 expression in cancers compared with non-involved
mucosa. However, loss of p16 expression in cancers compared
with uninvolved mucosa was also seen in some cases and it is
entirely possible that, whereas most cancers lose pRb function/
expression, some preferentially lose p16 expression.
This study did not entirely rule out a role for the pRb
pathway in proximal gastric carcinogenesis since other
molecules participate in this complex cell cycle control
mechanism. It is unlikely, however, since altered expression
of p16 and pRb would be expected if abnormal feedback from
other molecules in this pathway existed.
In conclusion this study strongly suggests that alterations
in the pRb pathway are significant in distal, but not proximal,
gastric carcinogenesis. In the former location it may be an
early event. Importantly, this study therefore supports the
hypothesis that tumours of the two locations are genetically
different which may account for some of the observed
epidemiological differences.
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