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The role of HGF/SF-MET signaling is important in cancer progression, but its rela-

tion with Helicobacter pylori-positive gastric cancers remains to be elucidated. In

total, 201 patients with primary gastric carcinoma who underwent curative or

debulking resection without preoperative chemotherapy were studied. MET4 and

anti-HGF/SF mAbs were used for immunohistochemical analysis. Survival of gas-

tric cancer patients was estimated by Kaplan–Meier method and compared with

log-rank. Cox proportional hazards models were fit to determine the indepen-

dent association of MET-staining status with outcome. The effect of live H. pylori

bacteria on cell signaling and biological behaviors was evaluated using gastric

cancer cell lines. MET4-positive gastric cancers showed poorer prognosis than

MET4-negative cases (overall survival, P = 0.02; relapse-free survival, P = 0.06).

Positive staining for MET4 was also a statistically significant factor to predict

poor prognosis in H. pylori-positive cases (overall survival, P < 0.01; relapse-free

survival, P = 0.01) but not in H. pylori-negative cases. Gastric cancers positively

stained with both HGF/SF and MET4 showed a tendency of the worst prognosis.

Stimulation of MET-positive gastric cancer cells with live H. pylori bacteria

directly upregulated MET phosphorylation and activated MET downstream sig-

nals such as p44/42MAPK and Akt, conferring cell proliferation and anti-apoptotic

activity. In conclusion, positive staining for MET4 was useful for predicting poor

prognosis of gastric cancers with H. pylori infection. Helicobacter pylori stimu-

lated MET-positive gastric cancers and activated downstream signaling, thereby

promoting cancer proliferation and anti-apoptotic activity. These results support

the importance of H. pylori elimination from gastric epithelial surface in clinical

therapy.

O ncogene MET encodes a receptor-type tyrosine kinase,
that transduces intracellular signals after reception of its

only ligand, hepatocyte growth factor/scatter factor (HGF/
SF).(1) MET is a master signaling molecule that regulates
important cancer steps, namely proliferation in the primary
sites, invasion and metastasis into surrounding or remote tis-
sues,(2–5) peritoneal dissemination,(6,7) angiogenesis,(8) and pro-
liferation in metastatic lesions. Clinical studies have shown
that high MET expression correlates with poor prognosis of
various tumors(9–12) (www.vai.org/met).
Reports describing the role of MET in gastric cancers have

been accumulating. For instance, MET protein expression is
significantly higher in gastric tumor tissue than in intestinal
metaplasia, suggesting a role for MET in the process during
malignant transformation of the gastric mucosa.(13) Also,
higher expression of MET is observed in the poorer prognosis
of alpha fetoprotein-producing gastric cancers.(14) MET is actu-
ally activated in gastric carcinoma tissue, and may trigger pro-
liferation/anti-apoptotic signals.(15) Also urokinase-type
plasminogen activator (uPA) promotes the invasive capacity of

the uPA receptor-positive gastric cancer cells and this pheno-
type is upregulated by the stimulation of HGF/SF-Met signal-
ing.(16,17) MET expression in gastric cancer cells correlates
with their metastatic potential such as liver metastasis.(18)

Recent epidemiologic evidence indicates that Helicobacter
pylori (H. pylori) infection significantly increases the risk for
gastric carcinoma.(19,20) Helicobacter pylori infection induces
chronic atrophic gastritis strongly enhancing the development
of cancer, especially the intestinal type.(21) The carcinogenicity
of H. pylori is supported by the result that eradication dimin-
ishes the enhancing effects of H. pylori infection on glandular
stomach carcinogenesis.(22) Moreover, H. pylori infection
accelerates the mutation of p53-Rb systems and activates
telomerase activity, which acts as a risk factor for gastric can-
cers.(23) Also H. pylori bacteria augment the growth of gastric
cancers via the LPS-TLR4 pathway, whereas they attenuate
the antitumor activity and IFN-c-mediated cellular immunity
of mononuclear cells, suggesting the inflammatory role of
H. pylori infection in the proliferation and progression of gas-
tric cancers.(24) These finding may suggest some role of MET
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in H. pylori-infected gastric cancers.(25) However, no report
has focused on the relationship between MET and H. pylori
infection in clinical gastric cancers.
Recent success in the development of small molecule inhibi-

tors against various kinases has brought a new paradigm of
cancer therapy. Molecular targeting therapy against MET will
be one of the most promising candidates for malignancies
including gastric cancers. In this regard, an accurate evaluation
of the relationship between MET expression and patient prog-
nosis is essential for clinical application. Here we investigated
the relationship between HGF/SF (MET ligand), MET
expression and clinicopathological status in patients with
gastric cancers.

Materials and Methods

Patients and clinicopathological characteristics. Two hundred
and one patients with primary gastric carcinoma who under-
went curative or debulking resection without preoperative
chemotherapy at the National Defense Medical College Hospi-
tal between 1998 and 2007 were studied. Clinicopathological
characteristics are shown in Table 1. For each case, all avail-
able histological sections were reviewed by two independent
pathologists, and a representative block was selected for addi-
tional studies. Histological diagnosis consisted of 11 cases of
papillary adenocarcinoma, 72 cases of tubular adenocarcinoma,
98 cases of poorly differentiated adenocarcinoma, six cases of
signet ring cell carcinoma, 12 cases of mucinous carcinoma,
and two cases of other histological types (adenosquamous car-
cinoma and undifferentiated carcinoma, one each). Clinical
stages of the patients were evaluated according to the criteria
of the Japanese Research Society for Gastric Cancer (14th edi-
tion). All specimens and clinical information were collected
under Institutional Review Board-approved protocols. Adjuvant
therapy by oral anti-cancer agents such as 5-fluorouracil (5-
FU) and fluoropyrimidine (S-1) were recommended in patients
with stage II or stage III disease, or who had highly potential
of recurrence based on the pathological findings.

Follow-up of the patients. Overall survival time was mea-
sured from the date of resection to the date of death due to
any cause. Patients who survived until the last follow-up were
censored in our survival analyses. All patients were observed
at our hospital or the outpatient clinic at 3- to 4-month inter-
vals during the first 2 years of the study and every 6 or
12 months thereafter for 3 years. After 5 years, annual follow-
up was conducted through telephone conversations with the
patient, patient’s family, or their practitioner. The prognosis
was followed up to 10 years.

Immunohistochemical staining. To determine MET expression
status by immunohistochemistry (IHC), monoclonal antibody
(mAb) for MET, MET4 mAb,(26) was used. Epitope sequence
of MET4 revealed that DVLPEFR on amino acid residue 236–
242 was the specific recognition site of MET. To retrieve
MET antigen, tissue slide sections were treated at 98°C for
20 min in Target Retrieval Solution, pH9 (DAKO, Santa
Clara, CA). ENVISION+ System (DAKO) was used for the
secondary antibody reaction and DAB+ was used for color
development. In the final step, the nuclei were lightly counter-
stained with Meyer hematoxylin.
Regarding the tissue staining of HGF/SF, anti-HGF/SF mAb

(clone 7-2) was purchased from Enzo Life Sciences (Ann
Arbor, MI, USA) and the samples were stained according to
the company’s instruction. Antigen retrieval was performed by

Table 1. Clinicopathological characteristics of gastric cancer patients

between MET4 staining positive and negative

Characteristic Total
MET4

P
Positive Negative

Number of

patients

201 138 63 –

Sex

Male 149 103 46 0.808

Female 52 35 17

Age at diagnosis 65 (36–89) 66.0 � 11.2 61.9 � 9.5 0.012

Maximum tumor

diameter (mm)

66.9 � 39.6 68.6 � 40.0 63.1 � 38.6 0.360

Tumor lesion

Upper 51 37 14 0.224

Middle 75 46 29

Lower 75 55 20

Clinical stage

I 24 12 12 0.202

II 56 41 15

III 72 50 22

IV 49 35 14

Depth of invasion

T1 (M, SM) 16 9 7 0.318

T2 (MP) 36 25 11

T3 (SS) 59 37 22

T4 (SE, SI) 90 67 23

Lymph node metastasis

N0 34 19 15 0.180

N1 (1–2) 45 33 12

N2 (3–6) 48 32 16

N3 (≥7) 73 54 19

NX 1 0 1

Histology of peritoneal lavage

CYX/0 172 114 58 0.077

CY1 29 24 5

Peritoneal dissemination

P0 169 113 56 0.208

P1 32 25 7

Residual tumor

R0 150 101 49 0.488

R1 51 37 14

Postoperative chemotherapy

Yes 20 12 8 0.379

No 181 126 55

Histological type

Differentiated

type

83 69 14 0.0002

Undifferentiated

type

118 69 49

Stromal type

med 10 8 2 0.302

int 130 93 37

sci 60 36 24

Unknown 1 1 0

INF

a 9 6 3 0.012

b 98 78 20

c 92 53 39

Unknown 2 1 1
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boiling the sample slides in the 10 mM citrate buffer (pH 6) in
a microwave for 7–10 min.
For the evaluation of Her2/neu IHC status HercepTest II

(DAKO) was used. For the evaluation of tumor cell proliferation,
we performed Ki-67 staining using anti-human Ki-67 antibody
(M7240, DAKO). E-cadherin expression in the proliferative mar-
gin of tumor cells was also investigated using E-cadherin anti-
body (H-108, Santa Cruz Biotechnology, CA, USA).

Helicobacter pylori infection status. To determine the pres-
ence of Helicobacter pylori (H. pylori) infection in gastric can-
cers and surrounding tissues, biopsy specimens before surgery
as well as all surgical specimens were subjected to IHC stain-
ing with rabbit polyclonal anti-H. pylori antibody (DAKO).
Also all medical records for clinical test for the presence of
H. pylori infection were checked. After searching and testing
of these items, patient’s reassurance without the evidence
of H. pylori infection were defined as H. pylori infection-
negative.

Statistical analyses. Comparison between patient characteris-
tics and IHC status was performed by a v2 test. Survival time
was measured from the date of surgical operation to the date
of death, or the last follow-up. Survival outcomes were esti-
mated according to the Kaplan–Meier product limit method
and compared between groups by the log-rank statistic. Cox
proportional hazard model was used to determine the associa-
tion of gastric cancer subtype with the risk of recurrence after
adjustment for other significant patient and disease characteris-
tics. All terms that were significantly associated with relapse-
free survival (P < 0.05) were considered and included in a
multivariable model. Final model was based on either statisti-
cal or clinical significance. All analyses were performed using
a StatView version 5.0 (SAS Institute, Inc., Cary, NC, USA).

Cell lines and H. pylori. Four MET-expressing gastric cancer
cell lines, MKN-7, MKN-74, NUGC-3, and KATOIII were
cultured in RPMI 1640 medium containing 10% fetal bovine
serum (FBS, HyClone, South Loagan, UT). CagA-positive
Helicobacter pylori (ATCC43504) was obtained from Ameri-
can Type Culture Collection.

Western blot, cell cycle and cell survival analysis. Western blot
was performed using primary antibodies as follows: anti-Met
(C-28, Santa Cruz Biotechnology), anti-phospho-Met
(Tyr1234/1235, rabbit polyclonal antibodies, Cell Signaling
Technology, Danvers, MA), anti-phospho-Akt (Ser473,
587F11, Cell Signaling Technology), anti-phospho-p44/42
MAPK (Thr202/Tyr204, rabbit polyclonal antibodies, Cell Sig-
naling Technology), and anti-b actin (AC-15, Abcam, Cam-
bridge, MA). For a secondary antibody HRP-conjugated
polyclonal anti-rabbit IgG (Santa Cruz Biotechnology) was
used. ECL Plus Western Blotting Detection Reagents (Amer-
sham, GE Healthcare, Pittsburgh, PA) was used for color
development.
DNA cell cycle analysis was performed using a detergent-

trypsin method and standard flow cytometry with a FACSCal-
ibur cytometer (Becton Dickinson, San Jose, CA) and
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Fig. 1. Immunohistochemical (IHC) staining of
MET protein in gastric carcinomas and Kaplan–
Meier survival plots by MET staining intensity. (a)
IHC staining of MET with MET4 mAb. Met staining
intensity is divided into four groups, 0 (negative/
trace level of MET staining), 1+ (weak
staining = some cells are MET positive but stained
weakly), 2+ (moderate staining = many cells (more
than 10%) are MET positive and stained with
moderate intensity), and 3+ (strong staining = most
cells are MET positive and stained with strong
intensity) (original magnification, 9400). (b)
Kaplan–Meier survival plots for overall survival and
relapse-free survival by MET staining intensity. Each
line represents the MET status as follows: Blue (0:
MET4 negative), green (1+: weakly positive), yellow
(2+: moderately positive), and red (3+: strongly
positive), respectively. No statistical difference in
the prognosis among MET4 positive groups (1+, 2+,
and 3+) is observed (N.S. = not significant).

Table 1 (Continued)

Characteristic Total
MET4

P
Positive Negative

Lymphatic invasion

ly0 4 2 2 0.019

ly1 78 45 33

ly2 77 62 15

ly3 42 29 13

Venous invasion

v0 37 16 21 0.0003

v1 91 61 30

v2 57 47 10

v3 16 14 2

P values less than 0.05 are underlined.
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CELLQuest software. For the calculation of S-phase fraction,
ModFitLT 2.0 software (Verity) was used.
Cell survival after treatment with 5-FU was evaluated using

modified MTT assay with Cell Counting Kit-8 (Dojindo
Molecular Technologies, Inc., Tokyo, Japan).

Results

MET staining and prognosis. Immunohistochemistry analysis
for MET4 staining intensity was divided into four groups
(Fig. 1a). MET4-negative cancers tended to show better prog-
nosis than MET4-positive cancers. However, there was no sta-
tistical difference between the four groups (Fig. 1b) and we
regrouped the gastric cancer patients into two categories:
MET4 negative and MET4 positive, and reanalyzed the sur-
vival plots (Fig. 2a). With MET4 mAb, a tendency of poor

prognosis was established in MET positive gastric cancers
(overall survival, P = 0.02; relapse-free survival, P = 0.06).
The analysis of univariate risk factors that influence overall

survival (Table S1) revealed that tumor lesion (P < 0.01), max-
imum tumor diameter (P < 0.01), depth of invasion (P < 0.01),
lymphatic invasion (P < 0.01), vascular invasion (P < 0.01),
lymph node metastasis (P < 0.01), and positive staining of
MET4 (P < 0.05) were statistically significant factors. Among
those factors, multivariate analysis (Table S2) indicated that
tumor lesion (P < 0.05), depth of invasion (P < 0.01), lym-
phatic invasion (P < 0.01), and vascular invasion (P < 0.05)
were recognized as independent factors for predicting poor
prognosis, but positive staining of MET4 (P = 0.18) was not
an independent factor contributing poor prognosis.

Clinicopathological characteristics and MET4 staining. Since
MET4 mAb was reported to be a good diagnostic monoclonal
antibody for human MET staining,(26) we investigated the dif-
ference in the clinicopathological characteristics between
MET4 positive and negative cases (Table 1). In this analysis,
histopathological factors including INF (P < 0.05), lymphatic
invasion (P < 0.05), and venous invasion (P < 0.01) showed
positive association with MET status.
MET expression status also correlated with the percentage

of Ki-67 positive cells (Table 2). MET4 positive cases showed
a higher Ki-67 positive rate than MET4 negative cases
(P < 0.01). Her2/neu overexpression was observed only in
14.4% (29 cases) and did not correlate with Ki-67 positive
rate. Most of Her2/neu-overexpressed gastric cancers were dif-
ferentiated type (24 cases out of 29 cases) and unexpectedly
they showed better prognosis than Her2/neu-negative cancers
(Fig. 3).
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Relapse-free survivalOverall survival

H. pylori-positive gastric cancers

MET4 posi�ve (n = 138)
MET4 nega�ve (n = 63)

Fig. 2. Kaplan–Meier survival plots for overall
survival and relapse-free survival by MET expression
and Helicobacter pylori (H. pylori) infection status.
(a) MET expression status (negative or positive) and
the prognosis of all gastric cancers. To detect MET
expression in gastric cancer tissues MET4 mAb was
used for IHC analysis. Blue lines represent the
groups of MET negative (0: MET4 negative) and red
lines represent those of MET4 positive staining
which includes all cases of 1+, 2+, and 3+.
Immunohistochemistry (IHC) staining using MET4
mAb shows statistically significant prediction of
poor overall survival (P = 0.02) and relatively poor
relapse-free survival (P = 0.06). (b) Kaplan–Meier
survival by MET status in H. pylori-positive gastric
cancers. MET4 mAb shows significant prediction of
poor overall survival (P < 0.01) as well as relapse-
free survival (P = 0.01).

Table 2. Met expression, Her2/neu overexpression and Ki-67

positive rate

Antibody used Staining status Ki-67 positive rate P

– – Mean 51.2%

(Median 51.9%)

–

MET4 Met positive (n = 138) 53.5% 0.001

Met negative (n = 63) 46.3%

Hercep

Test II

Her2/neu overexpression

(+) (n = 29)

54.7% 0.161

Her2/neu overexpression

(�) (n = 172)

50.6%

P values less than 0.05 are underlined.
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Among 201 patients tested, only 21 cases were E-cadherin
negative and undifferentiated carcinomas showed significant
correlation to this property (P < 0.01). However, there was no
significant difference between proliferative phenotype/vascular
invasion and E-cadherin expression. Also, there was no
remarkable difference in the overall survival (P = 0.72) as
well as relapse-free survival (P = 0.99) between E-cadherin
positive and negative gastric cancers (Fig. 4).

Helicobacter pylori infection, MET status, and prognosis. Since
H. pylori infection increases the risk of gastric cancers,(27) the
presence of H. pylori on the gastric mucosal surface or in the
gastric wall may be involved in the development of specific
types of gastric cancer.(28) Here, we examined the relationship
between H. pylori infection and MET expression status. The
presence of H. pylori infection was confirmed by the histological
specimen (Fig. S1) as well as by the available clinical records.
H. pylori infection did not increase the number of MET4 posi-
tive tumors (Table S3). Yet the role of H. pylori after carcino-
genesis is distinct, such as the promotion of proliferation and
progression of gastric cancers.(24) Therefore, we investigated
whether H. pylori infection affected the prognosis of gastric can-
cers. Interestingly, in H. pylori-infected gastric cancers, positive

MET4 staining was a statistically significant factor for predicting
poor prognosis (overall survival, P < 0.01; relapse-free survival,
P = 0.01) (Fig. 2b). In contrast, in H. pylori-negative cancers no
difference was observed in the prognosis between MET-positive
and -negative groups (data not shown: overall survival,
P = 0.88; relapse-free survival, P = 0.95).

MET status, HGF/SF production and prognosis. HGF/SF is the
only ligand for MET. Recent reports suggest that paracrine
activation of MET signaling pathways by HGF/SF increases
the malignancy of gastric cancer cells even without MET
amplification(29) and that cancer-associated fibroblasts stimulate
HGF/SF-MET pathways and play roles as important modifiers
of tumor progression.(30) Therefore, HGF/SF production
together with MET expression in gastric cancer tissues would
be an important factor when evaluating tumor malignancy.
Positive IHC staining of HGF/SF showed either intracellular
pattern or diffuse pattern with extracellular staining (Fig. 5a).
As was the case in the relationship between MET and H. py-
lori infection, no positive correlation between HGF/SF produc-
tion and H. pylori infection was observed. The positive rate of
H. pylori infection was 46.9% in MET4(+)/HGF/SF(+) cases,
55.8% in MET4(�)/HGF/SF(+) cases, 36.0% in MET4(+)/

(a)

(b)

(c)

Fig. 3. Immunohistochemistry (IHC) staining of
Her2/neu and Kaplan–Meier survival plots for
overall survival and relapse-free survival by Her2/
neu status. (a) For the evaluation of Her2/neu status
in gastric cancers, HercepTest II (DAKO) was used
for IHC analysis. Staining levels of 0 and 1+ were
dealt with as negative or low expression (without
Her2/neu overexpression). Staining levels of 2+ and
3+ were considered as Her2/neu overexpression. (b)
Blue lines represent the groups of gastric cancers
without Her2/neu overexpression and red lines
represent those with Her2/neu overexpression. P-
values of overall survival and relapse-free survival
show 0.05 and 0.06, respectively. (c) Relationship
among Her2/neu status, MET4 expression, and
prognosis. Patients were divided into four groups
according to the expression status of Her2/neu and
MET4; cyan: Her2/neu overexpression only (n = 4);
green: MET4 (+), Her2/neu overexpression (n = 25);
yellow: MET4 (�), Her2/neu low (n = 59); and red:
MET4 (+) only (n = 113). The group of MET4 (+)
without Her2/neu overexpression (= MET4 (+) only)
showed the poorest prognosis.
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(a)

(b)

Fig. 4. Immunohistochemistry (IHC) staining of E-
cadherin and Kaplan–Meier survival plots for
overall survival and relapse-free survival of gastric
cancer patients by its status. (a) Typical IHC staining
patterns of E-cadherin (original magnification,
9400). Among 201 patients 21 were E-cadherin
negative and 180 were positive. (b) No statistical
significance in the overall survival (P = 0.72) and
relapse-free survival (P = 0.99) was observed
between E-cadherin-positive and -negative groups.

(a)

(b)

Fig. 5. Immunohistochemistry (IHC) staining of
HGF/SF and Kaplan–Meier survival plots for overall
survival of gastric cancer patients by HGF/SF-MET
status. (a) Typical IHC staining patterns of HGF/SF
(original magnification, 9400). HGF/SF-positive
specimens show either intracellular or diffuse
staining patterns. (b) Although gastric cancers with
positive staining of both MET4 and HGF/SF show a
poorer prognostic tendency, no statistical
significance in the overall survival as well as
relapse-free survival was observed as compared to
other groups.
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HGF/SF(�) cases, and 64.3% in MET4(�)/HGF/SF(�) cases,
respectively. Therefore, the HGF/SF-MET signaling in gastric
cancers is considered not to affect the infectivity of H. pylori
on the gastric surface mucosa. Regarding the relationship sur-
rounding MET status, HGF/SF production, and prognosis, gas-
tric cancers with positive staining of both MET4 and HGF/SF
tended to show poorer prognosis than the groups of both nega-
tive, or MET4 or HGF/SF single positive (Fig. 5b) though sta-
tistical significance was not clearly proven.

Effect of H. pylori stimulation on gastric cancer cell lines.

Because MET expression played a significant role as a poor
prognostic factor in H. pylori-positive gastric cancers, we
tested whether H. pylori bacteria might stimulate MET signal-
ing to accelerate tumor growth. In some gastric cancer cell
lines such as MKN-45, MET activity is constitutively upregu-
lated because of MET gene amplification (Fig. S2a). To avoid
such cases we used other cell lines, MKN-7 and MKN-74, to
see the effect of H. pylori infection both of which lack MET
amplification and have wild-type p53. Because these two gas-
tric cancer cell lines are histologically well- or moderately-dif-
ferentiated, cell lines of other histological types i.e. NUGC-3
(poorly-differentiated adenocarcinoma) and KATO III (signet
ring carcinoma) were also tested for stimulation with live
H. pylori. The phosphorylation of MET after stimulation with
H. pylori stimulation at multiplicity of infection (moi) = 5
(Fig. S2b) was somewhat upregulated in MKN-7 (30 min to
240 min), MKN-74 (15 min to 90 min), and NUGC-3 (30–
240 min) cells but not in KATO III cells. Regarding the MET
downstream signaling, in MKN-7 cells transient phosphoryla-
tion of Akt at 15–120 min and biphasic activation of p44/
42MAPK were observed, suggesting the activation of this cell
line by H. pylori. Also, the phosphorylation of p44/42MAPK
at 15–90 min after stimulation with H. pylori was observed in
MKN-74 cells. In NUGC-3 cells the phosphorylation of Akt at
30 to 90 min was obvious but the activation of p44/42MAPK
was not as remarkable as other two cell lines. Similar to the
MET phosphorylation status, obvious activation of downstream
signaling in KATO III cells was not detected.
In MKN-7 cells, dose dependency of cell signaling at 1 h

after stimulation with H. pylori was tested (Fig. S3). The phos-
phorylation of MET downstream signals i.e. Akt and p44/
42MAPK rather than MET itself was significant in response to
viable H. pylori stimulation at higher moi. This may suggest
that at higher moi of H. pylori cell signaling is augmented
through the activation of some receptors other than MET such
as toll like receptors, thereby activating intracellular cross-talk.
To observe the effect of H. pylori stimulation on cellular

activities, first DNA cell cycle status was investigated in four
gastric cancer cell lines (Fig. S4a). Interestingly, the cell lines
that showed marked p44/42MAPK phosphorylation, i.e. MKN-7
and MKN-74, displayed an increase of S-phase fraction accord-
ing to the dose of H. pylori stimulation (Fig. S4b). In addition,
the survival of MKN-7 cells in relatively high 5-FU (100 lM)
condition was enhanced in the presence of viable H. pylori
(Fig. S4c), but this enhancement was not remarkable in other
three cell lines (data not shown). Since strong phosphorylation
of Akt in response to H. pylori was observed in MKN-7 cells,
the increased cell viability might be ascribed to an anti-apoptotic
effect of H. pylori by stimulating the Akt pathway.

Discussion

MET expression is a poor prognostic factor in some clinical can-
cer studies.(6,31) To see the relationship between MET

expression and pathological malignancies of clinical gastric can-
cer cases, first we investigated clinicopathological characteris-
tics. Although univariate analysis revealed that positive staining
of MET as well as tumor size and invasive characteristics influ-
enced the survival of gastric cancer patients, MET was not an
independent risk factor proven by a multivariate analysis. Yet,
positive staining of MET4 was an important factor to predict the
malignancy of gastric cancers from viewpoints of their biologi-
cal characteristics such as invasive nature (INF), lymphatic inva-
sion, and venous invasion. Since there was no obvious deviation
about the clinical factors between MET4-positive and MET4-
negative groups that might affect the clinical course, MET
expression in itself was considered to be a useful prognostic fac-
tor.
Most differentiated types such as pap, tub1 and tub2 expressed

MET, whereas many MET negative cases were observed in
poorly differentiated and signet ring cell carcinomas. Recently it
has been reported that intra-nuclear expression of C-terminal
MET fragment might be involved in the invasive/metastatic phe-
notype of highly malignant breast cancer cells.(32) MET expres-
sion status on the cytoplasmic membrane and/or in the
cytoplasm evaluated with regular MET antibodies may not nec-
essarily correspond to the degree of tumor malignancy. Also,
MET expression status is often affected by the cell cycle phase
conferring the highest expression in the S-G2/M phase and func-
tional MET rather than overexpressed MET is important in the
proliferation of tumor cells.(33) Moreover, cross-talk between
MET-mediated and EGF-mediated signals is considered to
affect tumor proliferation/invasion status.(34–36) Therefore, MET
expression intensity itself is not the only important factor for
intracellular signaling, yet functional MET still plays a key role
in the progression of gastric cancers.
Cross-talk between MET-mediated signaling and other intra-

cellular pathways may affect the biological feature of cancer
cells. HER2/neu, is one candidate and its importance in breast
cancers as a therapeutic has received wide attention. A previ-
ous report showed that HER2/neu overexpression in gastric
cancers correlated with the depth of invasion and lymph node
metastasis.(37) However, only 16.4% of gastric cancer cases
showed HER2/neu overexpression and this marker could be
applied for limited cases of MET-positive gastric cancers. In
our study, HER2/neu overexpression was observed only in
14.4% and it did not correlate with poor prognosis. Therefore,
in most gastric cancers mechanisms of proliferation and inva-
sion are considered to be independent of HER2/neu signaling.
There was no statistical correlation between MET4 staining

and H. pylori infection, which suggests that these two factors
are independent to each other. Interestingly, in the gastric can-
cer patients with obvious H. pylori infection, positive MET4
staining results indicated poorer prognosis compared with
MET4 negative cases. But this prediction did not apply to the
patients without H. pylori infection. In the previous studies it
has been shown that H. pylori not only acts as a gastric can-
cer-inducing factor but also stimulates gastric cancer cells to
promote their proliferation.(24,38) Also, H. pylori bacteria are
reported to provoke shedding of the surface proteins from gas-
tric epithelial cells, and play a part in the process of epithelial
mesenchymal transition.(39) These data indicate that H. pylori
may actively be involved in the proliferation and progression
stages of gastric cancers by regulating membrane proteins such
as MET. Shedding of MET may weaken the histological MET
expression of some gastric cancer cells in appearance.
Since HGF/SF, the only ligand for MET, is produced in

response to inflammatory processes, H. pylori infection could
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be considered to increase the production of HGF/SF near the
infection foci.(40,41) H. pylori infection in the gastric mucosa
may be one of the key carcinogenesis/proliferation factors of
gastric cancers, but in our study more than half of the cases
were H. pylori negative. Therefore, HGF/SF-MET signaling is
considered to be activated independently of H. pylori signals
at least in those cases. Yet gastric cancers showing positive
staining of both MET4 and HGF/SF revealed the tendency of
the worst prognosis, suggesting the importance of HGF/SF-
MET signaling in the clinical course of gastric cancers.
Recently, Huang et al. reported that MET4 IHC staining

correlated more strongly with phosphorylated MET than other
anti-MET antibodies such as SP44 and D1C2 across 18 cancer
types. They concluded that MET4 IHC provides a good predic-
tion model for MET activation and presumably a good tool to
predict the response to HGF/MET inhibitors.(42) Their results
well support our results in this study that gastric cancers with
strong MET expression evaluated by MET4 IHC staining and
H. pylori stimulation have poorer prognosis than those without
MET expression and the existence of H. pylori infection.
A recent paper indicated that H. pylori-mediated cell inva-

sion was dependent on the activation of the MET receptor.(43)

It was reported that the H. pylori effector protein CagA intra-
cellularly targeted the MET receptor and promoted cellular
processes leading to a forceful motogenic response.(44) Also, it
has been suggested that non-phosphorylated CagA would be
likely to cause sustained Met/PI3K/Akt signaling during H. py-
lori infection, thereby contributing to H. pylori-associated
chronic gastric proliferative and proinflammatory responses.(45)

Here, to see if H. pylori can activate MET and induce biologi-
cal changes in gastric cancer cells, in vitro experiments were
performed using viable H. pylori. We find that though the

activation of MET itself was not obvious in all cases and the
pattern of MET phosphorylation was different among the cell
lines, H. pylori did stimulate MET signaling. Also, H. pylori
stimulated downstream molecules of MET signaling such as
p44/42MAPK and Akt presumably through other receptor
pathways or cross-talk, and conferred cell cycle activation and
escape from apoptosis on gastric cancer cells. The results may
explain why MET-positive gastric cancers have poor prognosis
only in H. pylori infection-positive cases. Our previous papers
support the idea that targeting on MET signaling may be an
effective way to control tumor growth/progression.(6,46)

Collectively, poor prognosis of gastric cancer patients with
positive staining with MET4 is proven to be associated with
H. pylori infection-positive cases. This suggests the importance
of removing these bacteria from gastric epithelial surfaces. Also,
the results in this study should be taken into account when
molecular targeting therapy against MET is under consideration.
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Supporting Information

Additional Supporting Information may be found online in the supporting information tab for this article:

Fig. S1. IHC staining of H. pylori in the specimens of gastric cancer patients. (a) Typical IHC staining pattern of H. pylori in a surgical specimen.
Arrows indicate H. pylori bacteria on the gastric epithelial surface (original magnification, 9400). (b) Growth of H. pylori in the gastric crypts
(biopsy specimen, original magnification, 9400).

Fig. S2. Effect of H. pylori stimulation on intracellular signaling of gastric cancer cell lines. (a) Western blot analysis of cultivated gastric cancer
cell lines shows significant MET amplification in MKN-45 cells but not in other gastric cancer cell lines, yet all cell lines show MET positive. (b)
Time course of intracellular signaling in gastric cancer cell lines after stimulation with viable H. pylori at multiplicity of infection (moi) = 5. Cell
lysates (30 lg/lane) were processed for Western blot analysis and the phosphorylation of MET, Akt and p44/42 MAPK was tested. The phospho-
rylation of MET after stimulation with H. pylori was observed in MNK-7, MKN-74, and NUGC-3 cells but distinct activation of MET in KATO
III cells was not obvious. The phosphorylation of Akt in MKN-7 and NUGC-3 cells as well as the phosphorylation of p44/42 MAPK in MKN-7
and MKN-74 cells were observed.

Fig. S3. Stimulation of MKN-7 cells with viable H. pylori for 1 h at various bacteria-cancer cell ratios. Cell lysates (30 lg/lane) were processed
for Western blot analysis and the phosphorylation of MET, Akt and p44/42 MAPK was tested. The phosphorylation of Akt and p44/42 MAPK
rather than MET was obvious at higher moi.

Fig. S4. Effect of H. pylori stimulation on cell cycle and survival of gastric cancer cell lines. (a) DNA cell cycle analysis of four gastric cancer
cell lines (MKN-7, MKN-74, NUGC-3, and KATO III). Cells were stimulated with viable H. pylori at moi 0 to 20 and cell cycle status was ana-
lyzed 24 h later. (b) Dose-dependent increase of S-phase fraction was observed in MKN-7 and MKN-74 cells. *P < 0.05. (c) Modified MTT assay
was employed to investigate high dose 5-FU-induced cell death of MKN-7 cells and its prevention by the treatment with H. pylori. Representative
data are shown from the similar results of repeated experiments at least three times.

Table S1. Univariate analysis of risk factors that influence overall survival.

Table S2. Multivariate analysis of risk factors that influence overall survival.

Table S3. Helicobacter pylori infection and MET4 staining status.
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