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The TSLC1 (tumor suppressor in lung cancer-1) gene is a novel tumor suppressor gene on chromo-
somal region 11q23.2, and is frequently inactivated by concordant promoter hypermethylation and
loss of heterozygosity (LOH) in non-small cell lung cancer (NSCLC). Because LOH on 11q has also
been observed frequently in other human neoplasms including gastric cancer, we investigated
the promoter methylation status of TSLC1 in 10 gastric cancer cell lines and 97 primary gastric
cancers, as well as the corresponding non-cancerous gastric tissues, by bisulfite-SSCP analysis
followed by direct sequencing. Allelic status of the TSLC1 gene was also investigated in these cell lines
and primary gastric cancers. The TSLC1 promoter was methylated in two gastric cancer cell lines,
KATO-III and ECC10, and in 15 out of 97 (16%) primary gastric cancers. It was not methylated in
non-cancerous gastric tissues, suggesting that this hypermethylation is a cancer-specific alteration.
KATO-III and ECC10 cells retained two alleles of TSLC1, both of which showed hypermethylation,
associated with complete loss of gene expression. Most of the primary gastric cancers with pro-
moter methylation also retained heterozygosity at the TSLC1 locus on 11q23.2. These data indicate
that bi-allelic hypermethylation of the TSLC1 promoter and resulting gene silencing occur in a
subset of primary gastric cancers.
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A novel tumor suppressor gene on 11q23.2, designated
TSLC1 (tumor suppressor in lung cancer-1, also called
BL2 or IGSF4), spans more than 300 kb and encodes
a putative transmembrane glycoprotein of 442 amino
acids.1, 2) The protein is predicted to comprise an extracel-
lular domain containing three immunoglobin-like C2 type
fragments, a transmembrane domain and a short cytoplas-
mic domain similar to that of glycophorin C, leading to its
designation as an immunoglobin superfamily member.
TSLC1 protein has structural homology to the extracellu-
lar domains of the cell adhesion proteins NCAM1 and
NCAM2, and thus may participate in cell-to-cell and/or
cell-to-matrix adhesion.1, 2) TSLC1 is frequently silenced
by concordant promoter hypermethylation and loss of
heterozygosity (LOH) in non-small cell lung cancer
(NSCLC), hepatocellular carcinoma and pancreatic can-
cer.1) Because 11q has been shown to be frequently deleted
in other human neoplasms including gastric cancer,3–7) we
postulated that promoter hypermethylation of TSLC1
might also be important in the pathogenesis of gastric can-
cer. To test this hypothesis, we examined the promoter

methylation status as well as the allelic status of TSLC1 in
gastric cancer cell lines and primary gastric cancers.

Ten gastric cancer cell lines with variable histologies
were cultured under appropriate conditions in our labora-
tory; MKN1, an adenosquamous cell carcinoma; MKN7, a
well differentiated adenocarcinoma; MKN28 and MKN74,
moderately differentiated adenocarcinomas; MKN45 and
KWS-I, poorly differentiated adenocarcinomas; KATO-III,
a signet-ring cell carcinoma; ECC10 and ECC12, endo-
crine cell carcinomas; and TSG11, a hepatoid carcinoma.
Ninety-seven pairs of cancerous and non-cancerous gastric
tissues (25 differentiated carcinomas including tubular and
papillary adenocarcinomas, and 28 undifferentiated carci-
nomas including poorly differentiated adenocarcinomas,
signet-ring cell carcinomas and mucinous adenocarci-
nomas at the early stage, and 16 differentiated and 28
undifferentiated carcinomas at the advanced stage) were
surgically obtained from 97 gastric cancer patients. These
tissues were immediately frozen and stored at −80°C until
analysis. DNA was extracted from the 10 gastric cancer
cell lines, as well as from the 97 primary gastric cancers
and the corresponding non-cancerous gastric tissues, with
SepaGene (Sanko-Junyaku, Tokyo). Total RNA was iso-
lated from the 10 gastric cancer cell lines with the TRI-
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ZOL reagent (Gibco BRL, Life Technologies, Gaithers-
burg, MD). DNA methylation status was determined by
bisulfite-SSCP with some modification.8) After treatment
of DNA with sodium bisulfite, a 93-bp fragment within
a CpG island containing putative promoter sequences
upstream from the TSLC1 start site was amplified by
using 5′-GTGAGTGACGGAAATTTGTAATGTTTGGT-
T-3′ and 5′-AATCTAACTTCTTATACACCTTTATTAA-
AA-3′.1) The PCR mix contained 1×PCR buffer [15 mM
Tris-HCl (pH 8.0), 50 mM KCl], 1.5 mM MgCl, deoxy-
nucleotide triphosphates (each at 200 µM), 2.5 µCi of
[α-32P] dCTP (Amersham, Buckinghamshire, England),
primers (1 µM each per reaction), 0.5 U AmpliTaq Gold
DNA polymerase (PE Applied Biosystems, Foster City,
CA) and genomic DNA (100 ng) in a final volume of 10
µl. Amplification was carried out in a GeneAmp PCR Sys-
tem 9700 (PE Applied Biosystems) for 35 cycles (15 s at
95°C, 15 s at an appropriate annealing temperature, then
30 s at 72°C), followed by a final 7 min extension at 72°C.
PCR products were diluted 1:10 in denaturing loading
buffer [95% formamide, 10 mM EDTA (pH 8.0), 0.02%
xylene cyanol FF, and 0.02% bromphenol blue], heated at
95°C for 5 min, and placed on ice, then a 1.5 µl aliquot
was subjected to electrophoresis. Gels for SSCP analysis
consisted of 6% polyacrylamide and 5% glycerol. Direct
sequencing was performed using a small piece of the gel
containing the shifted band detected by bisulfite-SSCP.
The gel was immersed in 50 µl of water, heated at 95°C,
and then subjected to PCR under the conditions described
above for SSCP, except that PCR was carried out in a vol-
ume of 50 µl. The PCR products were directly loaded onto
nondenaturing 2% agarose gels and purified using a QIA
Quick Gel Extraction Kit (QIAGEN, Tokyo). The purified
PCR products were sequenced with the dRhodamine Ter-
minator Cycle sequencing Kit (PE Applied Biosystems).
Gel electrophoresis, data collection and analysis were
done with a Genetic Analyzer (model 310, PE Applied
Biosystems). LOH was examined using 2 polymorphic
microsatellite markers, D11S1885 and D11S2077 on
11q23, obtained from MapPairs (Research Genetics, Hunts-
ville, AL). PCR conditions and product treatment were
the same as described for bisulfite-SSCP. Gels for micro-
satellite analysis consisted of 6% polyacrylamide and
7 M urea. Gels were dried and exposed to Hyperfilm MP
autoradiography film (Amersham) for 3–18 h. Isolated
RNA was reverse-transcribed and amplified using a ONE-
STEP RT-PCR System (Gibco BRL). Primer sequences
used were; 5′-GGGCAGAATCTGTTTACGAAAG-3′
and 5′-ACCAGGACTGTGATGGTGGTGT-3′ for TSLC1,
and 5′-AAATCTGGCACCACACCTT-3′ and 5′-AGCACT-
GTGTTGGCGTACAG-3′ for β-actin.

KATO-III and ECC10 cell lines exhibited a pattern of
mobility distinct from that of the other 8 cell lines when
investigated by bisulfite-SSCP (Fig. 1a). Sequencing of

the bands exhibiting different mobilities revealed that all
of 6 CpG sites within the 93 bp fragment were completely
methylated in both KATO-III and ECC10 cell lines (Fig.
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Fig. 1. Bisulfite-SSCP of gastric cancer cell lines (a), and cases
of primary gastric cancers and the corresponding non-cancerous
gastric tissue controls (b). (a) Mobility shifts are seen in lanes 4
and 5. Lanes: 1, MKN1; 2, MKN7; 3, MKN74; 4, KATO-III; 5,
ECC10; 6, KWS-I; 7, TSG11; 8, MKN28; 9, MKN45; and 10,
ECC12. (b) Mobility shifts are observed in lane T of case M271.
T, tumor; N, normal; P, positive control (ECC10).
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Fig. 2. Sequencing histograms of an unmethylated PCR prod-
uct from MKN1 (a), and a methylated PCR product from
KATO-III (b). Cytosines within the CpG site remain as cytosines
in KATO-III, whereas all the cytosines are converted to thy-
mines after bisulfite treatment of DNA from MKN1. ∗ , converted
thymines.
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2). On the other hand, no methylated CpG sequences were
detected in the other 8 cell lines examined (Fig. 2). Of the
97 primary gastric cancers examined, 15 tumors (16%)
showed hypermethylated CpG sequences, whereas pro-
moter regions amplified from the corresponding non-can-
cerous gastric tissues were not methylated (Fig. 1b). To
determine whether TSLC1 methylation was mono-allelic
or bi-allelic, the allelic status of these tumors was ana-
lyzed using microsatellite markers. The incidence of LOH
was 18% (7/38 informative cases) at the microsatellite
locus D11S1885 and 32% (8/25 informative cases) at the
D11S2077 locus in primary tumors. However, TSLC1
methylation was not concomitant with LOH in any of the
tumors examined. Similar analyses revealed that ECC10
and KATO-III cells also retained heterozygosity at either
the polymorphic locus D11S1885 or D11S2077 (Fig. 3).
RT-PCR analysis revealed complete loss of TSLC1 expres-
sion in KATO-III and ECC10 cells (Fig. 4). Thus, TSLC1
appears to be silenced by bi-allelic methylation of the pro-
moter in these cell lines.

Next, the clinico-pathological features of the tumors
showing promoter methylation of TSLC1 were analyzed.

TSLC1 methylation was not observed in tumors that had
developed in the upper third of the stomach except for one
case (1 of 19, 5%), whereas it occurred often in tumors in
the rest of the stomach (14 of 74, 19%), although the dif-
ference was not statistically significant (Table I). In our
previous studies, no tumors (0%; 0/8) involving the upper
third of the stomach exhibited high-level microsatellite
instability (MSI-H), although 26% (14/53) of the tumors
arising from the lower two-thirds of the stomach exhibited
MSI-H, which coincided completely with hMLH1 methyl-
ation.9, 10) Similar results were also described for p16.11)

Therefore, methylation of several tumor suppressor and
tumor-related genes appears to be an important patho-
genetic mechanism of cancer of the gastric antrum. As
intestinal metaplasia, especially that of the incomplete
type, commonly arises in the antrum and then expands
toward the body of the stomach, intestinal metaplasia may
predispose to promoter methylation in these genes, simi-
larly to the situation previously described for the DCC
gene.12) In addition, a marked increase in methylated genes
from non-metaplastic mucosa to intestinal metaplasia has
been reported.13) TSLC1 methylation was present in similar
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Fig. 3. LOH analysis at the microsatellite markers D11S1885
(a) and D11S2077 (b). Both alleles are present at D11S1885 in E
(ECC10) and at D11S2077 in K (KATO-III), although allelic
imbalance is observed in ECC10. M138 retains heterozygosity
at D11S1885 (a). M134 demonstrates LOH at D11S2077 (b). T,
tumor; N, Normal.

1 4 532 6 9 SM10

646 bp

87

TSLC1 302 bp

Fig. 4. RT-PCR results of 10 gastric cancer cell lines. Loss of
TSLC1 expression (302 bp) is observed in lanes 4 and 5. β-actin
(646 bp) serves as an internal control. Lanes; 1, MKN1; 2,
MKN7; 3, MKN74; 4, KATO-III; 5, ECC10; 6, KWS-I; 7,
TSG11; 8, MKN28; 9, MKN45; and 10, ECC12. SM, size
marker.

Table I. Correlation of TSLC1 Promoter Hypermethylation and
Clinico-pathological Characteristics

Clinicopathologic parameters
Promoter methylation status

Methylated Unmethylated

Sex
Male 8 53
Female 7 29

Age
≤50 2 14

50< 12 65
Unknown 1 3

Location
Upper  third 1 18
Middle third 7 25
Lower third 7 35
Unknown 0 4

Histological type
Differentiated 6 37
Undifferentiated 9 45

Stage
Early 8 45
Advanced 7 37

Lymph node metastasis
Present 7 30
Absent 8 50
Unknown 0 2

a) NS, not significant by χ2 test.
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rates in both early and advanced carcinomas (Table I),
suggesting that this methylation actually occurred in the
early stage of carcinogenesis. No other significant correla-
tion was found between TSLC1 methylation status and the
clinicopathological characteristics, including sex and age
of the patients, histological type and lymph node involve-
ment of the tumors (Table I).

In summary, bi-allelic hypermethylation of the TSLC1
promoter and resulting gene silencing appear to be early

events, possibly occurring in association with intestinal
metaplasia, in a subset of primary gastric cancers.

This work was supported by a Grant-in-Aid (No. 12670514)
from the Ministry of Education, Culture, Sports, Science and
Technology.

(Received May 15, 2002/Revised June 23, 2002/Accepted June
27, 2002)

REFERENCES

1) Kuramochi, M., Fukuhara, H., Nobukuni, T., Kanbe, T.,
Maruyama, T., Ghosh, H. P., Pletcher, M., Isomura, M.,
Onizuka, M., Kitamura, T., Sekiya, T., Reeves, R. H. and
Murakami, Y.  TSLC1 is a tumor-suppressor gene in human
non-small-cell lung cancer.  Nat. Genet., 27, 427–430
(2001).

2) Gomyo, H., Arai, Y., Tanigami, A., Murakami, Y., Hattori,
M., Hosoda, F., Arai, K., Aikawa, Y., Tsuda, H., Hirohashi,
S., Asakawa, S., Shimizu, N., Soeda, E., Sakaki, Y. and
Ohki, M.  A 2-Mb sequence-ready contig map and a novel
immunoglobulin superfamily gene IGSF4 in the LOH
region of chromosome 11q23.2.  Genomics, 62, 139–146
(1999).

3) Tamura, G.  Molecular pathogenesis of adenoma and differ-
entiated adenocarcinoma of the stomach.  Pathol. Int., 46,
834–841 (1996).

4) Carter, S. L., Negrini, M., Baffa, R., Gillum, D. R.,
Rosenberg, A. L., Schwartz, G. F. and Croce, C. M.  Loss
of heterozygosity at 11q22-q23 in breast cancer.  Cancer
Res., 54, 6270–6274 (1994).

5) Davis, M., Hitchcock, A., Foulkes, W. D. and Campbell, I.
G.  Refinement of two chromosome 11q regions of loss of
heterozygosity in ovarian cancer.  Cancer Res., 56, 741–
744 (1996).

6) Rasio, D., Negrini, M., Manenti, G., Dragani, T. A. and
Croce, C. M.  Loss of heterozygosity at chromosome 11q in
lung adenocarcinoma: identification of three independent
regions.  Cancer Res., 55, 3988–3991 (1995).

7) Negrini, M., Rasio, D., Hampton, G. M., Sabbioni, S.,
Rattan, S., Carter, S. L., Rosenberg, A. L., Schwartz, G. F.,
Shiloh, Y., Cavenee, W. K. and Croce, C. M.  Definition

and refinement of chromosome 11 regions of loss of het-
erozygosity in breast cancer: identification of a new region
at 11q23.3.  Cancer Res., 55, 3003–3007 (1995).

8) Suzuki, H., Itoh, F., Toyota, M., Kikuchi, T., Kakiuchi,
H., Hinoda, Y. and Imai, K.  Quantitative DNA methyla-
tion analysis by fluorescent polymerase chain reaction
single-strand conformation polymorphism using an
automated DNA sequencer.  Electrophoresis, 21, 904–908
(2000).

9) Ohmura, K., Tamura, G., Endoh, Y., Sakata, K., Takahashi,
T. and Motoyama, T.  Microsatellite alterations in differen-
tiated-type adenocarcinomas and precancerous lesions of
the stomach with special reference to cellular phenotype.
Hum. Pathol., 31, 1031–1035 (2000).

10) Sakata, K., Tamura, G., Ogata, S., Ohmura, K., Endoh,
Y. and Motoyama, T.  Hypermethylation of hMLH1 pro-
moter in solitary and multiple gastric cancers with microsat-
ellite instability.  Br. J. Cancer, 86, 564–567 (2002).

11) Schneider, B. G., Gulley, M. L., Eagan, P., Bravo, J. C.,
Mera, R. and Geradts, J.  Loss of p16/CDKN2A tumor sup-
pressor protein in gastric adenocarcinoma is associated with
Epstein-Barr virus and anatomic location in the body of the
stomach.  Hum. Pathol., 31, 45–50 (2000).

12) Sato, K., Tamura, G., Tsuchiya, T., Endoh, Y., Usuba, O.,
Kimura, W. and Motoyama, T.  Frequent loss of expression
without sequence mutations of the DCC gene in primary
gastric cancer.  Br. J. Cancer, 85, 199–203 (2001).

13) Kang, G. H., Shim, Y. H., Jung, H. Y., Kim, W. H., Ro, J.
Y. and Rhyu, M. G.  CpG island methylation in premalig-
nant stages of gastric carcinoma.  Cancer Res., 61, 2847–
2851 (2001).


