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Abstract
Purpose—Transcriptional profiling demonstrated decreased expression of gastrokine 1 (GKN1)
and the related trefoil factor interacting protein (TFIZ1/GKN2) in H. pylori infection. Decreased
GKN1 and GKN2 mRNA expression has been reported in gastric adenocarcinoma. We have
examined GKN1 and GKN2 protein expression in a large gastric cancer series, correlated expression
with tumor subtype, and evaluated their utility as prognostic biomarkers.

Experimental Design—GKN1, GKN2 and the trefoil factors TFF1 and TFF3 were examined in
tissue microarrays from 155 distal gastric adenocarcinomas. Immunohistochemical expression was
correlated with clinical outcome. GKN1 and GKN2 expression was measured by real-time PCR and
Western analysis in samples of gastric cancer and adjacent non-neoplastic mucosa.

Results—GKN1 was lost in 78% of diffuse and 42% of intestinal cancers (p<0.0001, diffuse versus
intestinal). GKN2 expression was lost in 85% of diffuse and 54% of intestinal type cancers (p<0.002).
GKN1 and GKN2 down-regulation were confirmed by western and real-time PCR analysis. Loss of
either protein was associated with significantly worse outcome in intestinal-type tumors by univariate
analysis; and GKN2 loss remained a predictor of poor outcome in multivariate analysis (p<0.033).
TFF1 was lost in over 70%, and TFF3 was expressed in about 50% of gastric cancers.

Conclusions—Loss of GKN1 and GKN2 expression occurs frequently in gastric
adenocarcinomas, especially in the diffuse subtype. GKN1 and GKN2 loss are associated with shorter
overall survival in the intestinal subtype.
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INTRODUCTION
Gastric cancer is the second most common cause of cancer mortality worldwide 1 and is, except
for cancers of the gastric cardia, attributable to chronic infection by the intragastric bacterium
Helicobacter pylori in most cases 2. The more common “intestinal” subtype of gastric cancer
3 develops over decades through a preneoplastic sequence originating in chronic superficial
gastritis (usually caused by H. pylori) that progresses through atrophic gastritis, intestinal
metaplasia and dysplasia 4 5. The diffuse subtype 3 is also preceded by years of chronic H.
pylori-associated gastritis, although the molecular pathways and histological changes involved
in progression to cancer are less well characterized 5.

The molecular pathogenesis of gastric cancer is heterogeneous and few gastric cancer-specific
markers have been discovered that have clinical diagnostic or prognostic potential. Among the
best-characterized gastric tumor suppressor genes are p53 (mutated frequently in both diffuse
and intestinal gastric cancer subtypes), RUNX3 (lost by gene deletion or promoter
hypermethylation) 6, and E-cadherin (expression of which is lost commonly in diffuse gastric
cancers 7.

The importance of H. pylori infection in promoting gastric cancer is recognized. Examining
the expression of genes regulated specifically by H. pylori infection in vivo may help identify
novel molecular pathways involved in gastric carcinogenesis and lead to the identification of
novel gastric cancer-associated oncogenes and tumor suppressor genes. We recently
determined the human gastric epithelial transcriptome of H. pylori infection using an
Affymetrix expression microarry 8. Purified gastric epithelial cell populations free from
contaminating stromal elements were isolated by laser capture microdissection of paired gastric
endoscopic biopsies taken before and after H. pylori eradication. From this analysis we
identified two related genes as being downregulated by H. pylori infection 8: GKN2 (also
known as TFIZ19, GDDR 10 and blottin 11) and Gastrokine-1 (GKN1, also known as CA11,
AMP-18, foveolin and TFIZ2 9, 12–14). These genes encode partially homologous proteins
9 whose expression has been reported to be decreased in small series of gastric cancers at the
mRNA level for GKN2 10 and GKN1 13,14 and at the protein level for GKN1 only 13.
Although the functions of GKN1 and GKN2 are not known, GKN2 is present as a heterodimer
with the trefoil factor family (TFF) protein TFF1 in human gastric epithelium and in adherent
gastric mucus, hence its earlier designation as trefoil interacting protein 1 9, 15. This suggests
that GKN2 and possibly GKN1 may be involved in the intracellular or extracellular function
of TFF1 9, 15. More recently an interaction between the murine orthologue of GKN2 and a
fusion protein of murine TFF2 and alkaline phosphatase was demonstrated in vitro by ligand
blot analysis 11. It is not known if GKN2 interacts with TFF2 in vivo. Gastrokine 1 was so
named because it has been reported that it is induced by gastrin but there is no evidence as to
whether or not TFIZ1/GKN2 may mediate gastrin action.

TFF proteins have important roles in gastric epithelial regeneration and cell turnover, and they
have therefore been implicated in gastric carcinogenesis 16 17. TFF1 knockout mice develop
gastric adenomas and carcinomas 18 and TFF1 is markedly down-regulated in human gastric
cancer 19, 20 21 22, suggesting it is a tumor suppressor for human gastric cancer. Interestingly,
the TFF2 knockout mouse does not develop gastric cancer 23. TFF2 down-regulation has been
reported in some cases of human gastric adenocarcinoma 24. TFF3 expression is rare in non-
neoplastic gastric mucosa but occurs in about 50% of gastric cancers. Interestingly
overexpression of TFF3 has been associated with a worse prognosis in two separate series of
gastric cancer cases. 25, 26 Furthermore, trefoil protein expression is altered during H.
pylori infection 27, 28 and TFF1 binds to and may be a receptor for H. pylori 29. Taken together,
these findings suggest that proteins that interact with TFF members may be important in the
molecular pathogenesis of H. pylori-associated gastric carcinogenesis.
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Based on our findings that GKN1 and GKN2 are two related gastric-specific proteins down-
regulated by H. pylori infection 8 and previous reports of decreased expression of GKN1 and
GKN2 in small series of gastric cancer cases 10, 13, 30, the aims of our study were to evaluate
the down-regulation or loss of expression of GKN1 and GKN2 proteins and mRNA in a large
collection of non-cardia gastric cancer cases from the United States. We investigated if the
down-regulation of GKN1 and GKN2 occurred in both intestinal type and diffuse type cancers,
and determined whether down-regulation or loss of expression of these proteins had any
prognostic significance.

Because GKN2 interacts with TFF1 and because TFF3 has been reported to be a marker of
poor prognosis in gastric cancer we also evaluated TFF1 and TFF3 expression in this same
gastric cancer series. Our results demonstrate the loss of GKN1 and GKN2 expression in the
majority of distal gastric cancer cases, and that loss of GKN1 or GKN2 in intestinal type gastric
cancer is related to poor prognosis.

METHODS
Tissues

Gastric cancer tissue microarrays representing 155 distal (non-cardia) gastric cancers with their
non-neoplastic resection margins and intestinal metaplasia were constructed from archival
tissue blocks in the Department of Pathology, Rhode Island Hospital, as described previously
31. The cases were a consecutive series of patients with distal gastric cancer undergoing
surgical resection in our hospital. Demographic details of the cases are described in the Table.
Clinical and pathological data on these cases including information on staging, recurrence,
treatment and survival were ascertained through the Rhode Island Tumor Registry, and by
review of the Rhode Island Hospital medical records. Tumors were staged and graded
according to the American Joint Committee on Cancer criteria 32. The study was approved by
the Investigational Review Board of Rhode Island Hospital.

Immunohistochemistry
Immunostaining was performed on 5 μm paraffin-embedded tissue sections using antigen
retrieval with citrate buffer and the Dako EnVision Plus horseradish peroxidase/
diaminobenzene signal amplification detection system (catalog # K4007, Dako, Carpinteria,
CA). The primary antisera were diluted 1:2500. These antibodies were raised in rabbits against
the synthetic peptides LVKEKKLQGKGPGG and KYNPLESLIKDVDWF and were affinity
purified on the basis of the immunoreactivity with the immunizing peptides. The specificity
of the antibodies was confirmed by immunoneutralization with the immunizing peptides on
gastric tissues, and by the absence of immunostaining of non-gastric tissues. Footnote 1 TFF1
expression was detected using monoclonal anti-pS2 antibody (catalog number 08-1162,
Invitrogen, Carlsbad, CA) at a dilution of 1:25 and TFF3 expression was detected using a
previously described monoclonal anti-TFF3 antibody raised against structurally-validated
recombinant TFF3, at a dilution of 1:40. 33

Immunohistochemical staining was assessed semi-quantitatively by measuring both the
intensity of the staining (0, 1, 2, or 3) and extent of staining (0, 0%; 1, 0–10%; 2, 10–50%; 3,
50–100%). The scores for the intensity and extent of staining were multiplied to give a weighted
score for each case (maximum possible, 9). For the statistical analysis, the weighted scores
were grouped in two categories where scores of 0–3 were considered negative and 4–9 positive.

1May FEB, Griffin SM and Westley BR, manuscript in preparation.
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Protein Extraction and Western Blotting
Snap frozen tissue samples were homogenized in RIPA buffer (Sigma-Aldrich, St. Louis, MO)
with protease inhibitors (Complete Mini, EDTA free Protease Inhibitor Cocktail tablets,
Roche). For Western blotting, 50 μg protein samples were run on 12% precast SDS-PAGE
gels (Biorad Laboratories, CA) and transferred to Immobilon–P membranes (Millipore,
Bedford, MA). The membrane was washed twice with TBS for 50 min, blocked with 5% fat
free milk in TBS and then incubated with primary antibody (GKN1: rabbit affinity-purified
polyclonal antibody at 1:20,000 dilution 9, TFIZ1/GKN2: rabbit unpurified polyclonal
antibody at 1:20,000 dilution 9). For loading controls, blots were stripped and reprobed with
mouse monoclonal antibody to GAPDH (Abcam, Cambridge, MA; 1:4,000 dilution). The
secondary antibodies used were goat anti-rabbit IgG-HRP and goat anti-mouse IgG-HRP
(Santa Cruz Biotechnology Inc., Santa Cruz, CA). Immune detection was performed using
enhanced chemiluminescence for detection of HRP (Pierce Biotechnology Inc., Rockford, IL)
and quantified by densitometry using Kodak image software.

RNA extraction and quantification by real-time PCR
In a randomly selected subset of 30 cases (11 diffuse gastric cancer cases and 19 intestinal
gastric cancer cases) RNA was extracted from representative 10 micron thick sections of
formalin-fixed paraffin-embedded samples using methods similar to those described
previously 8 except that there was no laser capture microdissection step and the Paradise Whole
Transcript Reagent system from Molecular Devices, Sunnyvale, CA was used. Transcript
levels were evaluated by real-time PCR and the data normalized for beta-actin expression as
described previously 8.

Statistical Analysis
Statistical analysis was performed using the SPSS 10 program for Windows. The correlation
between the immunohistochemical expression scores and patient survival after surgery was
estimated using the Kaplan-Meier method followed by a univariate comparison between the
groups using the log-rank test. In order to adjust for potential confounding variables and to
single out independent predictors of survival, a multivariate analysis of survival was performed
using the Cox’s proportional hazard model using a forward stepwise mode. Associations
between GKN1, GKN2, TFF1 and TFF3 expression and the tumor histological type was tested
using the Chi square or the Fisher’s exact test.

Quantitative PCR results were expressed as a ratio of the transcript of interest to beta-actin in
the tumor tissue divided by a similar ratio in the non-neoplastic tissue of the same patient.
These values (tumor/“normal”) were then normalized to the group average for each histological
tumor subtype.

Comparisons between the results for intestinal versus diffuse cancer subtype were assessed by
the Mann-Whitney U test. Two-tailed p values of 0.05 or less were considered statistically
significant.

RESULTS
Expression of GKN1 and GKN2 in normal, and loss in neoplastic gastric tissues

GKN1 and GKN2 were expressed at high levels in non-neoplastic gastric epithelial cells but
not in adjacent stromal or inflammatory cells. The immunoreaction was strongest in the
superficial gastric foveolar cells, with weaker staining of the epithelium in the neck region and
deeper glands. GKN1 and GKN2 staining was diffuse throughout the cytoplasm, sparing the
nucleus. Occasional membranous accentuation of GKN1 was seen. GKN1 was expressed
within mucous vacuoles (fig 1). Areas of intestinal metaplasia also expressed cytoplasmic
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GKN1 and GKN2, whereas expression of both proteins was reduced or absent in gastric
cancers.

Overall GKN1 expression was negative in 78% of diffuse type cancers and in 42% of intestinal
type cancers (p<0.0001, comparing diffuse with intestinal cancer expression, Fisher’s exact
test), and GKN2 was lost in 85% of diffuse type cancers and 54% of intestinal type cancers
(p<0.002) (fig 2A). Overall, loss of GKN1 was positively correlated with loss of GKN2 (r
=0.24, p=0.009). A marked reduction or total loss of GKN1 and GKN2 expression was
confirmed by immunoblot in 4 cases of diffuse type gastric cancer, comparing the tumor tissue
with the non-neoplastic resection margins of the same cases (fig 3).

The loss of GKN1 and GKN2 expression was verified at the mRNA level by real time PCR
analysis on 30 representative gastric cancer cases. GKN1 mRNA was decreased 80 ± 64 fold
(mean ± SEM) in 19 intestinal type tumors (p = 0.54, paired Wilcoxon test) and 218 ± 117 fold
(p = 0.007) in 11 cases of diffuse type tumors (fig 4). GKN2 mRNA was decreased 37 ± 16
fold (mean ± SEM) in 19 intestinal type tumors (p = 0.14, paired Wilcoxon test) and 74 ± 22
fold (p = 0.004) in 11 cases of diffuse type tumors (fig 4).

Association between loss of GKN1 and TFIZ1/GKN2 and prognosis
To determine the clinical significance of loss of GKN1 and GKN2 expression on prognosis
after surgery in gastric cancer, clinical outcome data on the cases in the gastric tissue microarray
were collected and correlated with patient demographic data, stage, grade and type of tumor
and treatment using Kaplan-Meier analysis. For both intestinal-type and diffuse-type tumors,
tumor stage at diagnosis was highly significantly correlated with survival in Cox’s multivariate
analysis (p<0.001 for intestinal, p<0.008 for diffuse).

Loss of GKN1 and of GKN2 were each associated with worse outcome in intestinal tumor
subtypes in univariate analysis (fig 5). After adjustment for other possible confounding
variables, loss of GKN2 remained a statistically significant independent predictor of survival
in intestinal type cancers by multivariate analysis (p<0.033).

Expression of TFF1 and TFF3 in gastric cancer and correlation with prognosis
TFF1 expression was lost in the majority of gastric cancer cases and TFF3 was aberrantly
expressed in about half of the gastric cancers, approximately equally in both intestinal and
diffuse histological subtypes (fig 2B). No significant difference was seen in the proportion of
patients with TFF1 loss or TFF3 gain between the two histological gastric cancer subtypes.
There was no correlation between TFF1 loss and prognosis in univariate analysis, but there
was a trend for high TFF3 expression to be associated with worse survival in univariate analysis
in gastric cancers of the intestinal type but not in diffuse type tumors (p=0.11, figure 6.)

DISCUSSION
Our results demonstrate that loss of GKN1 and GKN2 expression is common in gastric cancer,
particularly of the diffuse type. Loss of GKN1 and GKN2 was found at both the mRNA and
protein levels, and GKN1 and GKN2 loss was associated with a particularly poor prognosis
following surgery for intestinal type gastric cancer. In addition, our findings demonstrate that
high TFF3 expression may also be a marker of poor survival in intestinal-type gastric cancer,
which is consistent with two previous publications that did not stratify for tumor type 25, 26.
In contrast, TFF1 loss did not confer any particular prognostic significance.

Down-regulation of GKN2 in gastric cancer was originally described in the Chinese literature
by Du et al, 10 who cloned the gene from a subtraction library designed to screen down-
regulated genes in gastric cancer. Sequence analysis indicates that GKN2 encodes a putative
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184 amino acid protein with a BRICHOS domain of about 100 amino acids that has been found
in a variety of functionally unrelated proteins implicated in dementia, in pulmonary surfactants
and also in GKN1 34. The function of the BRICHOS domain is unknown but it may be involved
in targeting proteins to the secretory pathway, in acting as an intracellular chaperone, and in
regulating apoptotic pathways 15. The gene encoding GKN2 was also identified independently
by two groups searching for novel proteins that interact with TFF members. Westley and
colleagues 9 immunopurified GKN2 using a TFF1 specific antibody from human gastric
mucosal cells. They showed that GKN2 is present in a heterodimer with TFF1 that is stabilized
through an intermolecular disulfide bond between cysteine residues in the carboxy-terminus
of TFF1 and in the BRICHOS domain of GKN2, hence the earlier designation of this protein
as trefoil interacting protein 1. Recently in an unrelated proteomics approach Otto et al. 11,
using ligand blot analysis with a fusion protein of murine TFF2 and alkaline phosphatase,
identified the mouse orthologue of GKN2 which they called blottin. It remains to be determined
if GKN2 interacts with TFF2 in vivo.

As discussed above, the only human protein with significant homology to GKN2 is GKN1
(24% identical, and 56% similar at the protein level) 9. GKN1 and GKN2 genes have the same
intron and exon structures, and are located in close proximity on the same chromosomes in the
genomes of both mice and humans. The frequent loss of expression in distal gastric cancer
identified in the present study suggested that this gene locus might show loss of heterozygosity
in gastric cancer, however no deletions or loss of heterozygosity at this locus on chromosome
2p14 have been identified in gastric cancer 35,36. GKN1 (also termed CA11, AMP-18,
foveolin and TFIZ2 9, 12–14) was also first identified as being a potential gastric tumor
suppressor through differential display techniques, comparing gastric cancer with normal
gastric mucosa 14. Subsequently, GKN1 was found to be decreased or absent in 41 of 50 gastric
cancer cases with no relationship to subtype, grade or stage 30. Independently, using a similar
approach, Oien et al 13 noted GKN1 mRNA expression to be markedly decreased or absent in
8 of 8 gastric cancer cases examined, of both intestinal and diffuse histological subtypes.

In the present study, we examined a large number of cases of both histological subtypes of
gastric cancer by immunohistochemistry and verified the findings by RT-PCR and Western
transfer analysis. Importantly, in the present study, changes in expression were correlated with
overall survival. The prognostic importance of GKN1 and GKN2 down-regulation was based
upon the review of the medical records of patients who underwent a variety of different
treatments, outside the context of a clinical trial. While the multivariate analysis accounted for
treatment variations to some degree, it will be important to evaluate prospectively the
prognostic significance of GKN1 and GKN2 in the context of a clearly defined clinical trial.

Previous studies have demonstrated decreased expression of GKN1 8,37 and TFIZ1/GKN2
8 in H. pylori-associated gastritis, the lesion that usually precedes the development of non-
cardia gastric cancer 2. It is likely that H. pylori is directly responsible, because gastric
inflammation due to injury by non-steroidal anti-inflammatory drugs is not accompanied by
reduced expression of GKN1 or GKN2. Footnote 2 It is of interest to determine whether the
changes in expression of GKN1 and GKN2 in gastric cancer cases are related to prior H.
pylori infection. Establishing evidence of H. pylori infection in patients with gastric cancer is
dependent on the measurement of serum antibodies to H. pylori because the bacteria are not
normally present in the stomach at diagnosis. This is because the gastric environment becomes
increasingly hostile to H. pylori survival during multi-stage gastric carcinogenesis 38. Since
serum is not available from the patients in our study, direct correlation between GKN1 and
GKN2 expression in gastric cancer and prior H. pylori infection will require a prospective
study.

2Gao J, Moss SF & Resnick MB – unpublished data.
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In summary, our results extend and confirm the studies of down-regulation of GKN1 and GKN2
mRNA in distal gastric cancer. Expression of the related gastric epithelial proteins GKN1 and
GKN2 was reduced in the majority of cases of gastric cancer, especially in the diffuse subtype.
Loss of expression of these proteins is associated with a worse prognosis in intestinal-type
gastric cancers. It is particularly noteworthy that GKN2 is an independent marker of prognosis.
Further studies to demonstrate the mechanisms responsible and the clinical biomarker potential
of GKN1 and GKN2 would be of value.
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Fig 1.
Representative photomicrographs of immunohistochemical staining of gastric tissue,
demonstrating expression of GKN1 (a,c,e,g) and GKN2 (b,d,f,h) in gastric epithelial cells. a,b:
normal mucosa; c,d: intestinal metaplasia; e,f: gastric cancer (intestinal type); g,h: gastric
cancer (diffuse type). All original magnifications × 200.
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Fig 2.
Summary of immunostaining of gastric cancer cases, grouped into (a) those cancers staining
negative (score 0–3) or positive (score 4–9) for GKN1 or GKN2, and (b) those staining negative
(score 0–3) or positive (score 4–9) for TFF1 or TFF3. P values refer to difference between
proportions of the staining expression of these markers in the intestinal and diffuse cancer
types.
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Fig 3.
Western blot of tissue lysates from 4 cases of diffuse type gastric cancer (Ca) with adjacent
non-neoplastic mucosa (N) showing marked loss/absence of GKN1 and GKN2 in the cancers.
GAPDH expression (bottom panel) serves as a control, demonstrating equal protein loading
across all lanes.
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Fig 4.
Expression of GKN1 and GKN2 mRNA in tumors compared with non-neoplastic resection
margins. Data expressed as mean fold decrease in the tumor epithelium relative to non-
neoplastic gastric tissue. * p< 0.004, ** p<0.007.
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Fig 5.
Kaplan-Meier plots of immunohistochemical scores of GKN1 (a, b) and GKN2 (c,d) expression
in intestinal-type (a,c) and diffuse type (b,d) gastric cancers, demonstrating that intestinal
tumors with low GKN1 and GKN2 expression were associated with significantly worse
prognosis. Univariate analyses.
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Fig 6.
Kaplan-Meier plots of immunohistochemical scores of TFF1 (a, b) and TFF3 (c,d) expression
in intestinal type (a,c) and diffuse type (b,d) gastric cancers, demonstrating that intestinal
tumors with high TFF3 expression were associated with significantly worse prognosis.
Univariate analyses.
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Table 1
Clinicopathological Characteristics of 155 Gastric Carcinoma Patients

Variable (n)

Age at Surgery (yr)
 Mean 72
 Range 31–96
Gender
 Male 81
 Female 74
Tumor Type
 Intestinal 61
 Diffuse* 94
Tumor stage
 I 37
 II 44
 III 34
 IV 40
Tumor differentiation
 Well 3
 Moderate 41
 Poor 101
 Not defined 7
Vital Statistics
 Alive 56
 Dead, gastric cancer 70
 Dead, unrelated 8
 Information unavailable 21
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