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Many studies examine the molecular genetics of gastric cancer, but few look at young patients in particular and
there is no comparison of molecular expression between early-onset gastric cancer (r45 years old) and
conventional gastric cancers. Expression of cycloxygenase-2 (COX-2) is elevated in gastric adenocarcinomas
compared to non-neoplastic mucosa, and in light of studies showing reduced risk of gastric cancer in
nonsteroidal anti-inflammatory drug users, we have chosen to investigate the expression of COX-2 and related
molecules in 113 early-onset gastric cancers and compare it with 91 conventional gastric cancers, using tissue
microarrays. These markers include molecules known to be important in conventional gastric carcinogenesis,
such as E-Cadherin, p53, COX-2, Trefoil Factor-1 (TFF1), b-catenin, p16 and c-myc; as well as molecules not yet
described as being important in gastric cancer, such as the transcription factor c-jun, the COX-2 mRNA
stabilizer HuR, and C/EBP-b, a transcription factor for COX-2. All markers showed a statistically significant
difference between early-onset gastric cancers and conventional gastric cancers, using a v2 test. In particular,
early-onset gastric cancers displayed a COX-2 Low, TFF1-expressing phenotype, whereas COX-2 over-
expression and loss of TFF1 was found in conventional cancers, and this difference between early-onset gastric
cancers and conventional cancers remained statistically significant when adjusted for location and histology
(Po0.0001 and P¼ 0.002 respectively). We found that COX-2 overexpression correlates significantly with loss
of TFF1 (P¼ 0.001), overexpression of C/EBP-b (Po0.001) and cytoplasmic HuR (P¼ 0.016). COX-2 was
significantly associated with p53 positivity (P¼ 0.003). Abnormalities in E-Cadherin correlated significantly with
diffuse phenotype, whereas high expression of COX-2, loss of TFF1 and overexpression of C/EBP-b correlated
with the intestinal phenotype. Our results provide further evidence that early-onset gastric cancer exhibits a
distinctive expression profile that may have practical implications.
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Gastric cancer is the second most common cause of
cancer-related death in the world.1 It exists as two
main histological types, diffuse and intestinal,
as described by Laurén,2 and is thought to result
from a combination of environmental factors and
accumulation of specific genetic alterations, and
in consequent, mainly affects older patients. Here,
we investigate early-onset gastric cancer, which is

defined as gastric cancer presenting at the age of 45
years or younger. Fewer than 10% of gastric cancer
patients fall into the early-onset gastric cancer
category3 and it is postulated that genetic factors
may be more important in these patients.4 Helico-
bacter pylori, a known causative agent in gastric
carcinogenesis,5–7 probably still plays a role in the
development of gastric cancer in young patients;8,9

however, this is likely to involve a much smaller
percentage of patients than that in the older age
group.

Inherited gastric cancer predisposition syndromes
account for approximately 10% of early-onset
gastric cancers, yet even in these cases, the under-
lying genetic events are not always known. For
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example, alterations in the E-Cadherin gene have
been associated with hereditary diffuse-type gastric
cancer,10 but so far, only about 30% of all hereditary
diffuse gastric cancer families carry CDH1 germline
mutations. Thus, only a very small percentage
of early-onset gastric cancers can be explained by
E-Cadherin germline mutations, and the occurrence
of gastric cancer in young patients remains largely
unexplained.

Expression of cyclooxygenase-2 (COX-2) is ele-
vated in gastric adenocarcinomas as compared to
the non-neoplastic mucosa11,12 and in light of
studies showing the reduced risk of gastric cancer
in nonsteroidal anti-inflammatory drug users,13,14

investigating the difference in COX-2 expression
between early-onset gastric cancer and conventional
gastric cancer may have clinical implications. Thus,
we have chosen to investigate the expression of
COX-2 and related molecules in early-onset gastric
cancer, and conventional gastric cancer using a
tissue microarray approach. The COX-2 mRNA
stabilizer HuR (Hu-Antigen R) and C/EBP-b
(CCAAT/Enhancer-Binding Protein-b), a transcrip-
tion factor for COX-2, are also examined. C/EBP-b is
known to act not only as a transcription factor for
COX-2,15 but also as a transcription factor in the
downregulation of Trefoil Factor-1 (TFF1),16,17 loss
of which has been independently shown to cause
gastric adenomas.18 COX-2 overexpression has been
found in these adenomas.19 Aberrant p53, known
to be important in conventional gastric carcino-
genesis,20 is also associated with increased levels
of COX-2 expression.21 In addition, we examine
p16, an important cell cycle regulator, which is lost
in many gastric cancers.22

Wnt signalling may also be targeted through
chemoprevention with nonsteroidal anti-inflamma-
tory drugs, through a COX-2-independent mecha-
nism23 and it has been suggested that there is
crosstalk between COX-2 and Wnt,24 thus c-myc,
b-catenin and c-jun25 are also investigated in
this study because of their involvement in the
Wnt pathway. Finally, because of its importance
in gastric cancer,10 the expression of E-Cadherin is
included.

We aim to ascertain whether discernible differ-
ences exist in the expression of these markers,
which would lend support to the theory that
early-onset gastric cancers have distinct molecular
characteristics from that of conventional gastric
cancers. By the uncovering of the differences

between gastric cancer in old and young patients,
we are a step closer to understanding the pathogen-
esis of gastric cancer and elucidating new genes that
may have prompted gastric cancer at an young age.

Methods

Patients/Study Groups

This research was carried out in accordance with the
ethical guidelines of the research review committee
of the Academic Medical Centre, Amsterdam. A
total of 91 conventional gastric cancers (445 years
old), diagnosed between 1993 and 2003, were
obtained from the Academic Medical Centre,
Amsterdam. A total of 113 cases of gastric carci-
noma in patients under 45 years of age, 90%
diagnosed between 1994 and 2002 and 10% diag-
nosed between 1980 and 1994, were obtained from
24 different institutions throughout the Netherlands
through the nationwide database system, and from
the Department of Pathology at the Jorvi Hospital
(Espoo, Finland). This age cutoff was chosen in
order to obtain enough cases to achieve meaningful
result. The tumors were classified by an experi-
enced gastrointestinal pathologist (GJAO) according
to the Laurén classification as intestinal, diffuse or
mixed gastric adenocarcinomas, and location was
deduced from the pathological report (if available)
as seen in Table 1.

Tissue Microarray

Tissue microarrays were constructed from formalin-
fixed and paraffin-embedded archive specimens.
Three core biopsies (0.6mm cylinders) were taken
from histologically representative regions (including
heterogeneous areas) of paraffin-embedded gastric
tumors and arranged in a new recipient paraffin
block (tissue array block), using a custom-built
instrument (Beecher Instruments, Silver Spring,
MD, USA) as also described previously.26 Normal
gastric mucosa from each case was also included
where available (69/204). Cores were arranged in
two or three separate subdivisions together with
insertion of liver, lymph node and kidney cores to
assist analysis. A total of 189 cases were informative
for all markers. In most cases, sections were stained
immediately after cutting, but if stored, this was

Table 1 Clinicopathological characteristics

Age (years) Histology Location Total

Intestinal Diffuse Mixed Cardia Noncardia Unknown

r45 24 80 9 9 74 30 113
445 49 31 11 49 42 0 91
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done so by wrapping in aluminum foil and freezing
at �201C to prevent loss of antigenicity.

Immunohistochemistry

Sections (4 mm) were deparaffinized and antigen
retrieval was carried out by 10min of boiling in
10mM Tris/1mM EDTA (pH 9), except for c-myc
where no antigen retrieval was used. Subsequently
slides were immersed in 0.3% hydrogen peroxide in
methanol for 30min and nonspecific binding was
blocked with 5% normal goat serum for 1h at room
temperature. The sections were incubated for 1h (or
overnight in the case of C/EBP-b) at room tempera-
ture with the following primary antibodies: p53
(monoclonal antibody combination of DO-7 and
BP53-12, Neomarkers, Union City, CA, USA)
1:2000 dilution, E-Cadherin HECD-1 (Thamer)
1:2000 dilution; TFF1/pS2 (Dako) 1:1200 dilution,
c-myc (Santa Cruz) 1:50, NCL c-jun (Nova Castra)
1:200, b-catenin (BD Biosciences, Alphen aan den
Rijn, The Netherlands) 1:10 000 dilution, p16INK4A

(Neomarkers) 1:100 dilution, C/EBP-b (H-7): sc-7962
(Santa Cruz Biotechnology, Santa Cruz, CA, USA)
1:50 dilution. The Ultravision antipolyvalent HRP
detection system (Lab Vision Corp., Fremont, CA,
USA) was used to visualize antibody binding sites
with 3,30-diaminobenzidine as a chromogen. DAB
Plus was used for c-jun. Sections were counter-
stained with hematoxylin.

Immunohistochemistry for COX-2 was carried out
as above with the following exceptions: antigen
retrieval was carried out in 0.01M Na-citrate buffer
(pH 6.0), followed by immersion in 0.6% hydrogen
peroxide in methanol for 30min and then in
blocking solution (0.01M Tris, 0.1M MgCl2, 0.5%
Tween-20, 1% BSA, 5% normal goat serum) for 1 h.
Incubation of the primary antibody was carried out
using monoclonal COX-2 antibody at a dilution of
1:100 (Cayman Chemical Co., Ann Arbor, MI, USA)
at 41C overnight.

Immunohistochemistry for HuR was carried out as
follows: specimens were deparaffinized and antigen

retrieved using microwave oven (4� 5min in 700W
in 0.01M Na-citrate buffer (pH 6.0)). The slides were
then immersed in 0.6% hydrogen peroxide in
methanol for 30min to block endogenous peroxi-
dase activity, and in blocking solution (1:66 normal
horse serum in PBS) for 15min to block unspecific
binding sites. Immunostaining for HuR was per-
formed with monoclonal antibody 19F12,27 in a
dilution of 1:10 000 (1.0 mg/ml) in PBS containing
0.1% sodium azide and 0.5% BSA, overnight at
room temperature. The sections were then treated
with biotinylated horse anti-mouse immunoglobulin
(1:200; Vector Laboratories Inc., Burlingame, CA,
USA) and avidin–biotin peroxidase complex
(Vectastain ABComplex; Vector Laboratories) and
peroxidase staining visualized with 3-amino-9-
ethylcarbazole (Sigma Chemical Co., St Louis, MO,
USA). Sections were counterstained with Mayer’s
hematoxylin.

Scoring

Scoring of immunohistochemistry was carried out
for p53,28 E-Cadherin,29 TFF,30 b-Catenin,31 COX-2,32

p16,33 HuR,34 C/EBP-b,15 c-myc35 and c-jun, as
shown in Table 2.

The overall score of the tumor was the highest
score found. No slides showed increased negative
staining around the edges. Unequivocal cases were
scored by one observer (ANAM). All other cases
(approximately 30%) were assessed by two obser-
vers (ANAM and GJAO) and agreement reached
using a multiheaded microscope. Cases where the
staining was not obviously abnormal were placed in
the normal category. All tissue microarray slides
were examined carefully, and results documented
irrespective of scoring system. Subsequently, var-
ious scoring systems in the literature were assessed
in order to choose a system that accurately reflected
the results obtained and all cases were re-examined
based on this scoring system. This was not the
case, however, with more established scoring sys-
tems such as with p53, E-Cadherin, COX-2, and

Table 2 Scoring of immunohistochemistry

Molecule Criteria for abnormal scoring

p53 Strong nuclear staining in 430% of cells
E-Cadherin Absence of membranous staining or presence of clumpy cytoplasmic localization
TFF Absence of staining in 95% of tumor cells
b-Catenin Nuclear staining accompanied by loss of membranous staining and increased cytoplasmic staining
COX-2 0—no staining; 1—very weak diffuse cytoplasmic staining

2—moderate-to-strong granular cytoplasmic staining in 10–50%
3—450% of tumor cells with strong intensity
Categories 0 and 1 were COX-2 Low, categories 2 and 3 were COX-2 High

p16 o10% nuclear staining
c-myc Nuclear staining in 45%
c-jun Nuclear staining in 45%
HuR The presence of staining was scored separately as positive or negative for the nucleus and cytoplasm of tumor cells
C/EBP-b Nuclear staining 425% of cells

Molecular expression profile of early-onset gastric cancers
ANA Milne et al

566

Modern Pathology (2006) 19, 564–572



b-Catenin, which were scored according to well-
established systems that are familiar to the authors.

Statistical Analysis

The SPSS 11.5 software package was used for
statistical analysis. A w2 test was applied to the
groups of gastric cancer to determine whether the
differences found between antibodies were statisti-
cally significant (Po0.05). A binary logistic regres-
sion model was used to adjust for potential
confounding factors such as location, histological
type, age of blocks and the hospital from which the
block was derived.

Results

Immunohistochemical results for early-onset gastric
cancer, conventional gastric cancers and the com-
bined results can be seen in Table 3. Variation of
staining between cores ranged from no cases in
E-Cadherin and b-catenin to 4/204 cases in c-myc,
c-jun, p16, TFF1, C/EBP-b. These cases had one or
two cores that fell within the positive category and
one or two that fell within the negative category.
The most striking results as seen in Table 3 involve
COX-2 and TFF1: the COX-2 High phenotype was
present in 66% of conventional gastric carcinomas
but in only 10% of early-onset gastric cancer
conversely, loss of TFF1 was seen in 73% of
conventional gastric cancers, but in only 39% of
early-onset gastric cancers. In order to compare
critically these results obtained for early-onset
gastric cancer and conventional gastric cancers, we
carried out w2 analysis. In addition, we compared the
groups by using a binary logistic regression model to
examine whether the w2 findings were significant
once adjusted for location and histology. In this way,
we compared the cancers with respect to anatomic
location (adjusted for age and histology), and

histology (adjusted for age and location). In addi-
tion, using the binary logistic regression model, we
confirmed that neither the age of the blocks, nor the
hospital from which they originated (thus possible
variation in processing) significantly affected the
results for any marker used.

Correlation with Age, Location and Histology

We can see from Table 4 that all markers showed a
statistically significant difference between early-
onset gastric cancers and conventional gastric
cancers. COX-2 showed much higher expression
levels in conventional gastric cancer than in early-
onset gastric cancer, and loss of TFF1 was much
more common in conventional gastric cancer than in
early-onset gastric cancer. Furthermore, the differ-
ence found between the groups with COX-2
(Po0.001) and TFF1 (Po0.001) remained statisti-
cally significant when adjusted for location and
histology (Po0.0001 and P¼ 0.002, respectively).

In addition, we found that p53 positivity and p16
negativity correlated significantly with tumors of
the cardia (P¼ 0.007 and P¼ 0.016 respectively),
whereas c-jun positivity correlated with non-cardia
tumors (P¼ 0.005). Abnormalities in E-Cadherin
correlated significantly with the diffuse phenotype
(Po0.001), whereas COX-2 High, loss of TFF1
and overexpression of C/EBP-b correlated with
the intestinal phenotype (P¼ 0.008, P¼ 0.04, and
P¼ 0.001, respectively).

Correlation between Molecular Markers

Using a w2 test, we found that COX-2 overexpression
correlates significantly with loss of TFF1 (P¼ 0.001),
overexpression of C/EBP-b (Po0.001) and cytoplas-
mic (but not nuclear) HuR (P¼ 0.016). This pheno-
type can be seen in Figure 1. In addition COX-2
was significantly associated with p53 positivity

Table 3 Results of Immunohistochemistry

Antibodies Immunohistochemical findingsa Range of staining

Age 445 years old Age o45 years old All Ages combined Negative Positive

E-Cadherin 37% abnormal 52% abnormal 45% positive NR NR
b-catenin 23% abnormal 35% abnormal 29% abnormal NR NR
p53 48% positive 31% positive 42% positive 0–10% 50–90%
COX-2 66% High 10% High 35% High NR NR
TFF 73% negative 39% negative 55% negative 0–1% 25–99%
HuR cytoplasmic 28% positive 13% positive 34% positive 0% 15–100%
HuR nuclear 40% positive 28% positive 34% positive 0% 20–100%
c/ebpb 80% positive 67% positive 73% positive 0–9% 35–100%
p16 57% negative 34% negative 44% negative 0–5% 20–100%
c-myc 33% positive 52% positive 43% positive 0–5% 6–100%
c-jun 64% positive 74% positive 70% positive 0–5% 6–100%

a
To the nearest percent.
NR, not relevant.
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(P¼ 0.003). On the other hand, TFF1 did not
correlate significantly with cytoplasmic HuR, nucle-
ar HuR or p16, and neither did the correlation with
C/EBP-b reach statistical significance (P¼ 0.059).

Nuclear HuR correlated significantly with c-myc
positivity (Po0.001) but did not correlate with
C/EBP-b.

No correlation was found between abnormal b-
catenin and c-myc or c-jun positivity.

Discussion

Many studies examine the molecular genetics of
gastric cancer in general, but very few look at young
patients in particular and there is no comparison of
molecular expression between early-onset gastric
cancers and conventional gastric cancers. Here, we
examine a large group of 204 gastric cancers,
approximately half of which are early-onset gastric
cancers, and compare the expression of 10molecular
markers in early-onset gastric cancer and conven-
tional gastric cancers.

Expression of COX-2 is elevated in gastric adeno-
carcinomas as compared to the non-neoplastic
mucosa.11 Interestingly, in this study we find that
COX-2 expression varies significantly between
early-onset gastric cancers and conventional can-
cers, with COX-2 overexpression occurring rarely in
early-onset gastric cancers. In light of studies
showing the reduced risk of gastric cancer in
nonsteroidal anti-inflammatory drug users,13,14 our
results may have clinical implications, as they
suggest that this reduced risk may apply only to
gastric cancers in older patients as COX-2 does not
appear to play an important role in early-onset
gastric cancer. It also implies that genetic changes
typical for conventional tumors more readily induce

COX-2 expression than those associated with early-
onset gastric cancer.

HuR is a member of the Hu family of ARE-binding
proteins involved in the regulation of mRNA turn-
over,36 which shuttles between the nucleus and the
cytoplasm. In this study, we find that cytoplasmic
HuR correlates with COX-2 expression in gastric
cancer. COX-2 mRNA is known to contain HuR-
binding AREs in its 30 untranslated region, and HuR
has been associated with prognosis and COX-2
expression in human carcinomas.34,37

COX-2 is predominantly expressed in intesti-
nal-type gastric carcinomas and its precursor
lesions,38,39 as confirmed in this study. We also find
that p53 immunopositivity (as a marker for loss of
p53 function) is associated with increased level
of COX-2 expression, as previously described.21

These results support the theory that there may
be a direct link between the defective p53 pathway
and elevated levels of COX-2 expression in cancer
cells.

In addition to COX-2, we also find a significant
difference in TFF1 expression between the early-
onset gastric cancers and the conventional cancers,
with loss of TFF1 occurring less frequently in the
early-onset gastric cancer group. TFF1 is synthe-
sized and secreted by the normal stomach mucosa
and by the gastrointestinal cells of injured tissues.
The link between mouse TFF1 inactivation and the
fully penetrant antropyloric tumor phenotype18

prompted the classification of TFF1 as a gastric
tumor suppressor gene. Accordingly, altered expres-
sion, deletion, and/or mutations of the TFF1 gene
have been observed in human gastric carcino-
mas.30,40–42 It has been shown that Cox-2 is ex-
pressed in TFF1 knockout adenomas,19 and this
inverse relationship of COX-2 and TFF1 expression
has been highlighted in our results, where loss of

Table 4 Statistical analysis of immunohistochemical results

Antibodies Statistical significance

w2 Binary logistic regression model

Age Age Location Histology

E-Cadherin P¼ 0.027 None None Po0.001 (CI 3.2–16.3)
b-Catenin P¼ 0.049 None None None
p53 P¼ 0.009 None P¼0.004 (CI 0.2–0.7) None
COX-2 Po0.001 Po0.001 (CI 6.3–50.1) None P¼0.008 (CI 0.1–0.7)
TFF1 Po0.001 P¼ 0.001 (CI 1.7–7.6) None P¼0.04 (CI 0.2–0.97)
HuR cytoplasmic P¼ 0.005 None None None
HuR nuclear None None None None
C/EBP-b P¼ 0.033 None None P¼0.001 (CI 0.08–0.52)
p16 P¼ 0.001 None P¼0.014 (CI 1.2–5.6) None
c-myc P¼ 0.015 None None None
c-jun P¼ 0.08 None P¼0.012 (CI 1.3–6.1) None

w2 test was carried out for each antibody vs age. The results displayed under the heading Binary logistic regression model are as follows: age,
adjusted for location and histology; location, adjusted for age and histology; and histology (results for diffuse histology given) adjusted for age and
location.
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Figure 1 Immunohistochemistry on tissue microarrays for COX-2 (COX-2 High, a), TFF1 (negative, b), HuR (positive cytoplasmic
staining, c) and C/EBP-b (positive, d). Magnification 32.5, counterstain hematoxylin.
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TFF1 and COX-2 High was seen in conventional
tumors, whereas retention of TFF1 expression was
more likely to pair with a COX-2 Low phenotype as
seen in the early-onset gastric cancers.

Interestingly, it has been recently suggested that
C/EBP-b, a transcription factor for COX-2,43 plays a
role in gastric cancer, through its relationship with
COX-2.15 However, C/EBP-b is also known to act
as a transcription factor in the downregulation of
TFF1,16,17 thus providing a fascinating link between
COX-2 and TFF1, the two molecules shown here to
be expressed differently in early onset gastric cancer
and conventional gastric cancer. It raises the
possibility that this one molecule could concomi-
tantly downregulate TFF1, while upregulating
COX-2, thus affecting two different carcinogenic
pathways and providing a considerable advantage to
tumor growth. In our study, the correlation between
C/EBP-b and TFF1 was only of borderline signifi-
cance (P¼ 0.059) and thus the precise link between
C/EBP-b, COX-2 and TFF1 in gastric cancer needs
further exploration.

This study also revealed molecular differences
in histological type and anatomic location in
gastric cancer. The significant differences found
between cardia and body tumors in p53, c-jun
and p16 expression lend further support to the
theory that adenocarcinomas arising in the gastric
cardia and body occur through different genetic
pathways.

Despite the differences seen in COX-2 expression
between early-onset gastric cancers and conven-
tional cancers, and the possible crosstalk between
the COX and Wnt pathways,24 no difference was
seen in b-catenin, c-myc or c-jun expression
between early-onset gastric cancer and conventional
gastric cancer when using the binary logistic regres-
sion model. The well-established Wnt pathway is
activated in colorectal cancer; however, not much is
known about the relative importance of this path-
way in gastric cancer and, in particular, early-onset
gastric cancer. It has been found previously that
immunohistochemical abnormalities of b-catenin
are present in 22–27% of gastric cancer.44,45 Here,
we confirm that estimate and show that although b-
catenin may play an important role in gastric cancer,
this role is not specific to early-onset gastric cancer.
We also found no correlation between b-catenin and
c-myc or c-jun, suggesting that these particular
targets may not depend on activation of the Wnt
pathway in gastric cancer.

C-myc is amplified in gastric cancer, and its
amplification corresponds with c-myc overexpres-
sion on immunohistochemistry.46 The frequency of
c-myc positivity found here is supported by pre-
vious findings where it was also found to be related
to cell proliferation and associated with poor
clinical outcome.35 Interestingly, we have found that
nuclear HuR expression correlated with c-myc
expression. HuR is known to stabilize c-myc mRNA
in vitro,47 providing an explanation for the correla-

tion between the two molecules, and suggesting for
the first time that this interaction may be important
in gastric carcinogenesis.

The proto-oncoprotein c-Jun is a component of the
AP-1 transcription factor (a dimeric complex of Jun
and Fos), the activity of which is augmented in
many tumor types. The role of this transcription
factor in gastric cancer is largely unknown. An
important mechanism in the stimulation of AP-1
function is amino-terminal phosphorylation of c-Jun
by the c-Jun N-terminal kinases (JNKs) and it has
been shown that the phosphorylation-dependent
interaction between c-Jun and TCF4 regulates
intestinal tumorigenesis by integrating JNK and
APC/beta-catenin, two distinct pathways activated
by Wnt signalling.25 It has also been documented
that a COX-2 inhibitor suppresses AP-1 through JNK
in gastric cancer.48 In this study, we find c-jun
positivity in a high percentage of gastric cancer and
find that this positivity occurs more often in cancers
of the stomach than in the cardia.

Finally, our findings with E-Cadherin, C/EBP-b,
TFF1 and COX-2 expression emphasize the fact that
diffuse and intestinal cancers differ at a molecular
level. It has been suggested that loss of E-cadherin
is the fundamental defect in diffuse-type gastric
carcinoma, and that it provides an explanation
for the observed morphological phenotype of non-
cohesive cells with loss of polarity and gland
architecture.49,50 In contrast, gland architecture is
preserved in the intestinal type of stomach cancer
where loss of E-Cadherin expression does not occur
as commonly.50 Here, we find that abnormal E-
Cadherin does not associate directly with early-
onset gastric cancer if adjusted for histology, but
instead correlates significantly with the diffuse
phenotype. The converse has also been reported,51

although in the report by Lim et al, young cases were
compared to old without adjusting for histology,
perhaps explaining this discrepancy.

In summary, we have found further evidence that
early-onset gastric cancer exhibits a unique expres-
sion profile of molecules important in carcino-
genesis. This involves a COX-2 Low, TFF1-positive
phenotype, which appears to occur almost exclu-
sively in early-onset gastric cancer. It is interesting
to note that these molecules are involved in
inflammation, and C/EBP-b and HuR appear to be
involved in their regulation in gastric cancer. Our
findings add further support to the hypothesis that
young patients develop carcinomas with a different
molecular genetic profile from that of sporadic
carcinomas occurring at a later age.
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