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To assess the involvement of the TSLC cascade in hepatocarcin-
ogenesis, we investigated the expression and DNA methylation
patterns of the genes Tslc1 and Dal-1 in hepatocellular carcinomas
(HCC) induced using N-nitrosodiethylamine (DEN) in rats. Six-
week-old male F344 rats received a single intraperitoneal injection
of DEN at a dose of 10 mg/kg body weight, followed by combined
treatment with partial hepatectomy and colchicine to induce
cell-cycle disturbance and a selection procedure consisting of 2-
acetylaminofluorene and carbon tetrachloride. Total RNA was extr-
acted from 10 HCC, and the expression levels of Tslc1 and Dal-1 were
measured using semiquantitative reverse transcription–polymerase
chain reaction (RT-PCR) analysis. Three of 10 HCC showed reduced
expression of Tslc1, compared with normal liver tissues, but no
changes in the expression level of Dal-1 were found. For DNA
methylation analysis, bisulfite sequencing was performed. The 5′′′′
upstream region of Tslc1 was methylated in the three HCC in which
its expression was reduced, but was unmethylated in normal liver
tissue. Western blot analysis also revealed reduced expression of
Tslc1 protein in the three HCC. These results suggest that alterations
to the TSLC cascade might have a role in hepatocarcinogenesis using
DEN in rats. (Cancer Sci 2007; 98: 943–948)

HCC is one of the most frequent and deadly human
malignancies.(1–5) Although infection with the hepatitis virus

is a primary risk factor, environmental chemicals, such as aflatoxin,
are also involved in the development of HCC.(6–8) Furthermore,
there are various nitroso-compounds in the environment
that possess hepatocarcinogenicity. To elucidate the molecular
events underlying the development of HCC, animal models
exposed to such nitroso-compounds are very useful. In
studies of one such animal model, rats treated with DEN, the
authors have so far reported the occurrence of frequent
mutations in the gene encoding β-catenin,(9) and alterations
to Fhit;(10) however, no alterations have been observed in
genes related to the TGF-β signaling pathway, such as those
encoding Smad2, Smad4 and TGF-β receptor II.(11)

TSLC1 has been identified as a tumor suppressor gene on
chromosome 11q23.2 in NSCLC using functional complemen-
tation analyses.(12,13) TSLC1 encodes a membrane glycoprotein
that belongs to the immunoglobulin superfamily and participates
in cell adhesion.(13,14) DAL-1/4.1B was initially identified as a
candidate tumor suppressor gene on 18p11.3.(15) DAL-1 belongs
to the 4.1 protein family, and is an anchoring protein connecting
TSLC1 to the actin cytoskeleton.(16) Recently, these TSLC cas-
cade genes have been reported to be inactivated in several
human cancers, and promoter methylation has been proposed as
an important mechanism for inactivation of the genes encoding
TSLC1 and DAL-1.(13,16–23)

In a recent study by the authors, reduced expression of Tslc1
due to aberrant methylation in rat lung tumors induced by

nitroso-compounds was detected.(24) Therefore, to assess the
involvement of the TSLC cascade in hepatocarcinogenesis, we
investigated the expression patterns of Tslc1 and Dal-1, and
their DNA methylation status, in HCC induced using DEN in rats.

Materials and Methods

Animals and treatment. A total of 12 male F344 rats were
purchased at 5 weeks of age from Japan SLC Inc. (Shizuoka,
Japan) and housed 3–5 per plastic cage with white flake bedding
in an air-conditioned room, with a constant temperature of 25°C
and a 12-h light–dark cycle. Food and water were given ad
libitum throughout the study. After a 1-week acclimation period
on a basal diet in pellet form (CF-2 diet; Clea Japan, Tokyo,
Japan), 10 animals received DEN (Wako Pure Chemical Co.
Ltd, Kyoto, Japan) i.p. at a dose of 10 mg/kg body weight, and,
after 4 h, underwent partial hepatectomy performed using the
method described by Higgins and Anderson.(25) Colchicine
(Sigma Chemical Co. St Louis, MO, USA), at a dose of 0.5 mg/kg
body weight, was injected i.p. 3 days after DEN treatment. After
an 11-day recovery period, rats were placed on a selection regimen,
which comprised feeding them a 0.02% 2-acetylaminofluorene
(Nacalai Tesque, Inc., Kyoto, Japan) diet for 2 weeks and a
single intragastric administration of carbon tetrachloride (Nacalai
Tesque, Inc.) at 1 mg/kg body weight, following the procedure
described by Cayama et al.(26,27) Rats were killed under ether
anesthesia 42 weeks after the beginning of the experiment.(28,29)

Tissue preparation. After killing, livers were immediately excised
and any grossly apparent tumors were dissected from the
surrounding tissue. Samples were frozen in liquid nitrogen and
stored at −80°C until analysis. Portions of the tumors were fixed
in 10% neutrally buffered formalin at 4°C and routinely
processed for H&E staining for histologic examination.

Semi-quantitative RT-PCR analysis of Tslc1 and Dal-1 gene expression.
Total RNA was extracted from frozen tissue using an RNeasy
Mini Kit (Qiagen, Hilden, Germany) and first-strand cDNA was
synthesized from 0.2 µg of RNA using ready-to-go your-prime
first-strand beads (Pharmacia Co. Ltd, Tokyo, Japan). To eliminate
possible false positives caused by residual genomic DNA, all
samples were treated with DNase.

Semi-quantitative RT-PCR analysis was performed as described
previously.(30,31) PCR amplification was carried out in a reaction
volume of 20 µL containing 1 µM of each gene primer, 200 µM
of each dNTP, 1 × PCR buffer (Perkin Elmer, Applied Biosystems
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Division, Foster City, CA, USA), 0.5 U of AmpliTaq Gold (Per-
kin Elmer), and 0.5 µL of synthesized cDNA mixture. Primer
pairs for PCR amplification were designed against rat Tslc1 and
Dal-1 sequences (GenBank accession numbers AB257091 and
NM_05392, respectively; Table 1). Rat Gapdh gene was used as
an internal control gene.(24,30,31) For each gene, multiple cycles of
PCR amplification were tested. The cycle number at which the
sample with the highest expression level reached an amplification
plateau was determined and a cycle number smaller than this was
adopted for the analysis. Amplified products were then separated
on 2% agarose gels containing 0.05 µg/mL ethidium bromide.

Bisulfite sequencing. Bisulfite treatment of genomic DNA was
performed as previously described.(24,31) Briefly, genomic DNA
was extracted from frozen tissue using a DNeasy Tissue Kit
(Qiagen) and 500 ng of each sample was denatured in 0.3 N
NaOH, followed by 2.9 M sodium bisulfite (Sigma), and 0.5 mM
hydroquinone (Sigma) was added and the mixture underwent
15 cycles of 30 s denaturation at 95°C and 15 min incubation
at 50°C. Samples were then desalted using the Wizard DNA
cleanup system (Promega, Madison, WI, USA) and desulfonated
by treatment with 0.3 N NaOH at room temperature for 5 min.
After ethanol precipitation with ammonium acetate, DNA was
dissolved in distilled water.

For bisulfite sequencing, primer pairs were designed against
the 5′ upstream regions of rat Tslc1 and Dal-1 (GenBank accession
numbers AB257090 and NC_005108, respectively; Table 1).
Although there is a CpG site within the primer sequence of
Tslc1 BS-R, the PCR products showed a clear single band in 1%
agarose gels. PCR products were subcloned using a TOPO TA
cloning kit (Invitrogen, CA, USA) and sequenced using a BigDye
terminator v3.0 cycle sequencing ready reaction kit (Applied
Biosystems) and an ABI PRISM 310 genetic analyzer (Applied
Biosystems). For each sample, eight clones were sequenced.

Western blot analysis. Proteins were extracted from frozen
tissues in a buffer solution containing 50 mM Tris-HCl (pH 8.0),
150 mM NaCl, 1% Triton X-100, and 1 mM phenylmethylsulfonyl
fluoride.(32) Briefly, the extracted proteins were electrophoresed
on 8% SDS-polyacrylamide gels, transferred to Hybond ECL
(Amersham Biosciences Corp., NJ, USA) and probed with a
human polyclonal anti-TSLC1 antibody (Santa Cruz Biotechnology
Inc., CA, USA). Mouse monoclonal antiactin antibody (Santa
Cruz Biotechnology) was used as an internal control. The mem-
branes were developed with an ECL advance western blotting
detection kit (Amersham Biosciences). Densitometric and
quantitative analysis of signals was performed using Scion Image
(Scion Corporation, Frederick, MD, USA).(33)

Results

A total of 10 of the HCC obtained were histologically well-
differentiated. To assess the expression levels of Tslc1 and Dal-1

in HCC, semiquantitative RT-PCR analysis on the 10 HCC and
tissue from two normal livers was performed. Representative
results are shown in Fig. 1. In three of the 10 HCC (30%) the
expression level of Tslc1 was reduced compared with that in
normal liver tissues. By contrast, no changes in the expression
level of Dal-1 were found in any of the 10 HCC.

Next, we measured the DNA methylation status of the 5′
upstream region of Tslc1 (between nucleotides-273 and 20), which
contains 23 CpG sites, and that of Dal-1 (between nucleotides
-200 and 107), which contains 33 CpG sites. Representative
results of the bisulfite sequencing analysis of Tslc1 and Dal-
1 are shown in Figs 2 and 3. Methylation was observed in the 5′
upstream region of Tslc1 in all three HCC in which the expres-
sion level of Tslc1 was reduced. By contrast, in normal liver tis-
sues and HCC, in which Tslc1 expression was not reduced, this
region was unmethylated. The 5′ upstream region of Dal-1 was
unmethylated in normal liver tissues and HCC.

Western blot analysis also revealed reduced expression of
Tslc1 protein in the three HCC, correlating with reduced expres-
sion of the Tslc1 mRNA and its DNA methylation status.
Representative results are shown in Fig. 4.

There were no differences in the pathologic appearance and
proliferation capacity between the tumors expressing Tslc1 and
those lacking Tslc1 using DNA methylation. All results are
summarized in Table 2.

Discussion

TSLC1 and DAL-1 are components of the TSLC cascade, which
participates in organizing the actin cytoskeleton and constructing
stable cell-to-cell adhesion.(16) It is thought that disturbances in
the cell adhesion system are critical factors in the growth,
invasion and metastasis of cancer cells.(34) Indeed, apoptosis and

Table 1. The primer sequences used in this study

Primer sequence Annealing temperature (°C)

Reverse transcription-polymerase chain reaction
Tslc1 1F: 5′-TTATCCTCTGCAAGGCCTAAC-3′ 62

1R: 5′-TGTTGAGGCATTTCGTCATC-3′
Dal-1 2F: 5′-AGAGCCACAGAGGAATGACG-3′ 60

2R: 5′-GGCACAGACCCCTAACATGA-3′

Bisulfite sequencing
Tslc1 BS-F: 5′-GGGGAAGTAAAGGTTGAAATTTAA-3′ 60

BS-R: 5′-AACAACACAATACTCACCATAT-3′
Dal-1 BS-F: 5′-TAGAGGATTTAGGTGTTTTAAAGA-3′ 56

BS-R: 5′-CTCAAAACCCCTCAACCACCAA-3′

Fig. 1. Representative results of the semiquantitative reverse transcription-
polymerase chain reaction analysis of the expressions of Tslc1 and Dal-1
in one normal (N) liver tissue and 10 hepatocellular carcinomas (HCC).
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inhibition of tumor cell growth can be induced by re-expression
of TSLC1 in lung cancer cell lines.(35,36) Moreover, re-expression
of DAL-1 also increases cellular adhesion and induces apoptosis
in a breast cancer cell line.(37,38)

Recently, it was reported that the genes encoding several of
the components of the TSLC cascade are inactivated in several
human cancers.(13,16–23) As mutations in TSLC1 and DAL-1 are
rare in human cancers, aberrant promoter methylation might be
a major mechanism of silencing of these genes.(13,16–23) Aberrant
promoter methylation of TSLC1 was detected in 44% of non-
small cell lung cancers, 32% of prostate cancers, and 27% of
pancreatic cancers, in association with loss or reduced expres-
sion.(13,17–22) In contrast, aberrant methylation of DAL-1 has also
been observed in 55% of primary NSCLC, 33% of NSCLC cell
lines, 9% of small cell lung cancer cell lines, and 45% of renal
cell carcinomas, and this methylation was also associated with
a loss of, or reduction in DAL-1 expression.(16,21–23) Although
to our knowledge there are few reports of DAL-1 alterations in
HCC, aberrant promoter methylation of TSLC1 has been
detected in 29% of HCC.(13,17) Thus, in the present study we
investigated the expression levels of Tslc1 and Dal-1 and their

DNA methylation status in rat HCC, and showed reduced
expression of Tslc1 due to aberrant methylation in 30% of HCC,
but no changes in Dal-1 expression. It has been suggested that
inactivation of one of these two genes, TSLC1 and DAL-1, might
disrupt cell adhesion and links between the membrane and the
cytoskeleton, resulting in gain of invasion and metastasis of can-
cer cells.(22) Furthermore, aberrant methylation of at least one of
these two genes occurred at a statistically significant higher fre-
quency in patients with advanced stage disease compared with
patients with early stage disease.(22) Therefore, the present study
suggests that alterations in the TSLC cascade might have a role
in rat hepatocarcinogenesis caused by DEN. Although promoter
methylation is often accompanied by complete loss of the
TSLC1 expression in cancer cell lines,(13,16–18,20,22) a low amount
of Tslc1 expression was observed in three HCC. It may be
derived from contaminated non-cancerous tissues.

As epigenetic silencing of TSLC1 and DAL-1 are frequently
detected in human lung cancers, it is suggested that alterations
in the TSLC cascade are particularly important for lung carcino-
genesis.(16,22) Recently, the authors reported that the expression
of Tslc1 is significantly reduced in rat lung cancers induced

Fig. 2. Results of the methylation analysis of the
5′ upstream region of rat Tslc1 (tumor suppressor
in lung cancer 1) gene. (a) For each sample, eight
clones were sequenced. The primer pair for
bisulfite sequencing is shown (arrowheads). There
is a CpG site within the primer sequence of BS-R.
Methylated CpG sites are shown by closed circles
and unmethylated CpG sites are shown by open
circles. Reduced expression of Tslc1 was seen
in HCC4, 5 and 8, but not in NRL1 and HCC1. NRL,
normal liver tissue, HCC, hepatocellular carcinoma.
(b) Bisulfite sequencing of the 5′ upstream
region of rat Tslc1 gene. Sequence traces in
NRL1 and HCC8 correspond to the genomic
sequence (–127 to-106 bp from the transcription
initiation site) shown in the top line. CpG
sites were numbers as 12, 13 and 14. Asterisks
indicate methylated CpG sites.



946 doi: 10.1111/j.1349-7006.2007.00480.x
© 2007 Japanese Cancer Association

by nitroso-compounds, and that this reduction is associated
with aberrant methylation.(24) Moreover, the authors have also
detected reduced expression of Dal-1 due to aberrant methyla-
tion in the same tumor series of rats.(39) By contrast, alterations

of TSLC cascade genes were relatively less frequent in rat HCC
than in rat lung tumors. Therefore, it seems that the biologic sig-
nificance of the TSLC cascade in carcinogenesis might depend
on organ and tumor type in rats as well as in humans.

Fig. 3. Results of the methylation analysis of the
5′ upstream region of rat Dal-1 (differentially
expressed in adenocarcinoma of the lung) gene.
(a) For each sample, eight clones were sequenced.
The primer pair for bisulfite sequencing is shown
(arrow heads). Methylated CpG sites are shown
by closed circles and unmethylated CpG sites
are shown by open circles. NRL, normal liver
tissue, HCC, hepatocellular carcinoma. (b) Bisulfite
sequencing of the 5′ upstream region of rat Dal-
1 gene. Sequence traces in NRL1 and HCC1
correspond to the genomic sequence (–22–1 bp
from the first nucleotide of exon 1) shown in
the top line. CpG sites were numbers as 17, 18, 19,
20 and 21.

Table 2. Summary for the detected alterations of the Tslc1 (tumor suppressor in lung cancer 1) and Dal-1 (differentially expressed in
adenocarcinoma of the lung) genes

Samples
Tslc1 Dal-1

mRNA expression DNA methylation Protein abnormality mRNA expression DNA methylation

HCC1 Expressed Unmethylated ND Expressed Unmethylated
HCC2 Expressed – – Expressed –
HCC3 Expressed – – Expressed –
HCC4 Reduced Methylated Reduced Expressed –
HCC5 Reduced Methylated Reduced Expressed Unmethylated
HCC6 Expressed – ND Expressed –
HCC7 Expressed – – Expressed –
HCC8 Reduced Methylated Reduced Expressed –
HCC9 Expressed – – Expressed –
HCC10 Expressed – – Expressed –

–, not evaluated; HCC, hepatocellular carcinoma; ND, not detected.
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It is well known that liver tumors can be induced by feeding
rats a choline-deficient diet without the need for exposure to any
chemical carcinogens.(40) This model has advantages for investi-
gating the mechanisms underlying hepatocarcinogenesis due to
endogenous factors.(40) So far, we have revealed the possibility
that different genetic pathways underlie DEN-induced and choline-
deficient diet-induced hepatocarcinogenesis in rats.(9) Therefore,
to better understand the involvement of the TSLC cascade in hepato-

carcinogenesis, further studies should investigate the alterations
to Tslc1 and Dal-1 in rat HCC induced by a choline-deficient diet.
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