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Krippel-like factor 10 null mice exhibit lower tumor incidence
and suppressed cellular proliferation activity following
chemically induced liver tumorigenesis
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Abstract. Liver cancer is the third most common cancer, and
the incidence as well as the mortality rate of liver cancer are
on the increase. There are many signaling pathways that are
involved in hepatic tumorigenesis. One of these pathways, the
transforming growth factor-p (TGF-f3)/Smad pathway with
KLF10, has been reported to suppress cellular proliferation in
most cases. However, the actual functions of KLF10 in various
pathophysiological conditions are still fragmentary and unclear.
In the present study, the practical role of KLF10 in DEN-induced
hepatic carcinogenesis, was elucidated using KLF10 null mice.
In the necropsy and histopathological analysis, KLF10 KO
mice exhibited lower tumor incidence and PCNA labeling
indices than these values in the wild-type mice. Additional
analyses revealed that the mRNA and protein levels of Smad3,
TGF-p1, TGF-f RI and p15 were increased in the tumor tissues
of the KLF10 KO mice, while those of cMyc and cyclin D1
were downregulated. The level of phospho-Smad3 was also
significantly higher in the tumor tissues of the KLF10 KO
mice. All together, the KLF10 KO condition may reinforce the
TGF-p-Smad signaling pathway and confer tumor-suppressor
effects against chemically induced liver tumorigenesis.

Introduction

Liver cancer is a major public health issue, and the incidence
as well as the mortality of liver cancer are on the increase.
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Globally, new cases of liver cancer have been annually reported
to be ~700,000, and East Asian countries, including Korea,
Japan and China, are considered to be high-risk areas (1-3).
The risk factors for liver cancer include chronic hepatitis
virus, dietary contaminants, fatty liver diseases, cirrhosis and
host genetic factors (4,5). Many signaling pathways are also
involved in hepatic tumorigenesis, including various growth
factors such as the Wnt, Hedgehog and TGF-p pathway (6-8).

Transforming growth factor-p (TGF-p) is a secreted cyto-
kine that regulates many biological processes in most cells. It
performs important functions in early and late embryogenesis,
and also plays a key role in adult tissues, including cellular
proliferation, apoptosis, differentiation, angiogenesis, extracel-
lular matrix synthesis and immune responses (9,10). According
to the cell or tissue type and the microenvironment, the
cellular responses to TGF-p3 are different. Various target genes,
including collagen type I, a-smooth muscle actin, SNAI1 and
pl5, may be induced in the liver after activation of the TGF-3
pathway. These genes may induce diverse responses, including
fibrosis, cellular migration and suppression of cellular prolif-
eration (11,12). Several studies have shown that the TGF-3
pathway may suppress cellular proliferation, including early
tumorigenesis and liver regeneration in most cases. However,
the role of TGF-p in various pathological conditions is still
unclear (13-15).

The TGF-p/Smad pathway initiates with activation of
secreted TGF- and the ligand assembles TGF-f3 receptor type I
and II (TGF-p RI and II) in the cellular membrane. Then, the
TGF-f RII phosphorylates and activates the TGF-f3 RI. Smad2
(ser465/476) and Smad3 (ser433/435) are then phosphorylated
by activating TGF-f RI and are also called receptor-Smads
(R-Smads). Activated R-Smads bind Smad4, also referred to as
common Smads (Co-Smads), and pass the nuclear membrane.
In the nucleus, the Smad complex binds with co-factors and
positively and negatively regulates the expression of target
genes (10,13,16,17). The expression levels of pl5, p21, KLF10
and Smad?2 genes are also increased and Smad7,cMyc, cyclin D1
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genes or proteins are downregulated in the proliferation control
by the TGF-B/Smad pathway (8,10). In the non-Smad TGF-f3
pathway, TGF-$ RI may also activate other signaling systems,
including PI3K, RAS and FAS (9,17-19).

KLF10 is an early target gene of the TGF-f/Smad (Sma-
and Mad-related) signaling pathway and it is reported that it
may inhibit cellular proliferation in various cell types (20,21).
At first, KLF10 was observed in normal human osteoblasts
after TGF-f treatment. Thus, KLF10 was initially named as
TGF-p inducible early gene-1 (TIEG1) (22). Later, considering
three zinc finger domains of the TIEGI protein, it was clas-
sified and renamed as Kriippel-like family of transcription
factors 10 (20,21,23). Recent studies have shown that KLF10
expression may activate the TGF-f/Smad pathway and
mimic the roles of TGF- in several cell types. KLF10 may
enhance the transcription of TGF-f-regulated genes, including
Smad2, p21, TGF-B1 and plasminogen activator inhibitor-1
and suppress the transcription of the Smad7 gene, inhibitory
Smads (13,24,25). However, there has been limited informa-
tion concerning the role of KLF10.

KLF10, one of the target genes of TGF-f, plays an
important role in numerous biological processes, including
tumorigenesis. However, there has been limited information
concerning KLF10, and the actual functions of KLFI10 in
liver tumorigenesis are still unknown. In the present study,
to elucidate the role of KLF10 in chemically induced hepatic
carcinogenesis, histopathological and molecular analyses were
performed using KLF10 KO mice injected with diethylnitro-
samine (DEN) via intraperitoneal route.

Materials and methods

Mice. Male KLF10-deficient C57BL/6J mice were kindly
provided by Dr Woon-Kyu Lee (Inha University, Incheon,
Korea) (26), and the C57BL/6J mice were obtained from the
Korea Research Institute of Bioscience and Biotechnology
(KRIBB, Daejeon, Korea). All mice were bred in a labora-
tory animal breeding room under specific pathogen-free
conditions. For genotyping, the DNA samples were isolated
from all mouse tails using a genomic DNA extraction kit
(Bioneer, Daejeon, Korea) and subjected to polymerase chain
reaction. The DNA primers for genotyping were KLF10 F,
CCTTCCTGCCAACAACTCTC; R, TCTGAGGAGGAC
CCTTGCT and KLF10 KO F, TCGCCTTCTTGACGAG
TTCT. The size of the KLF10 KO gene is 658 base pairs
(bp) and that of the wild-type (WT) gene is 248 bp. All the
procedures were approved by the IACUC (Institutional
Animal Care and Use Committee, KU 09023, Seoul, Korea)
of Konkuk University.

Experimental design. For the liver carcinogenesis study,
25 mg/kg of DEN was single injected in the mice via intra-
peritoneal route at 12 days of age. KLF10 KO and WT mice
(13-14 mice/group) were sacrificed at 26 and 36 weeks,
respectively, after the carcinogen administration (at the age of
28 and 38 weeks, respectively). Three mice injected with PBS
were used as control animals in each group. At the time of the
sacrifice, all the mice were grossly examined, and blood was
collected from the caudal vena cava. The liver was excised and
weighed. Some portion of the liver tissue was fixed in 10%
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neutral-buffered formalin and the rest of the hepatic tissue was
frozen for further analysis.

Hematoxylin and eosin (H&E) staining and histopathological
analysis. Fixed liver tissues were processed by standard
methods, embedded in paraffin and then cut in 4-um sections.
The sections were deparaffinized, rehydrated and stained with
H&E. Furthermore, the sections were dehydrated, cleared,
mounted and viewed by light microscopy. The hepatic lesions
were classified as hepatic foci, hepatocellular adenoma (HCA)
or hepatocellular carcinoma (HCC). Two veterinary patholo-
gists independently reviewed all the lesions.

Immunohistochemical staining. For immunohistochemistry,
some serial sections (4-um) were deparaffinized, rehydrated,
placed in 0.01 M citrate buffer (pH 6.0) and heated in a micro-
wave for 10 min. Then, the slides were incubated for 10 min
in 1.0% H,0,. The slides were preincubated with blocking
serum (Vectastain ABC kit; Vector Laboratories, Burlingame,
CA, USA), incubated with proliferative cell nuclear antigen
(PCNA; Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA) antibody and then incubated with biotinylated secondary
antibodies (Vectastain ABC kit) followed by incubation with
avidin-coupled peroxidase (Vectastain ABC kit) (both from
Vector Laboratories). After development with 3,3'-diamino-
benzidine (DAB, DAB Substrate kit; Vector Laboratories) the
sections were counterstained with hematoxylin.

Quantitative reverse transcription-polymerase chain reaction
(RT-PCR) analyses. RT-PCR was performed on RNA samples
that were isolated from the liver tissues. Total RNA was
prepared from frozen liver tissues using TRIzol (Invitrogen)
and reverse transcribed into cDNA using M-MLV reverse
transcriptase (both from Invitrogen, Carlsbad, CA, USA). The
cDNA was used as a template for amplification in the PCR.
Band intensities were quantified using the Multi Gauge soft-
ware V3.0 (Fuyjifilm, Tokyo, Japan) and normalized to
transcription levels of f-actin. The sequences of the primer
pairs were as follows: Smad2 F, CGGTTAGATGAGCTTGA
GAA and R, TCACTGATATATCCAGGTGG; Smad3 F,
TCACTGGATGGTCGGCTGCA and R, CTTCACTCAGGT
AGCCAGGA; Smad4 F, CGATGCCTGTCTGAGCATTG
and R, CTCCGTTGATGCGCGATTAC; Smad7 F, ATCGGT
CACACTGGTGCGTG and R, TCCAGTGTGGCGGACTT
GAT; pl15 F, CTGGATGTGTGTGACGCCTG and R, CTT
CGTGCTTGCAGTCTTCC; p21 F, AGCTAGGATGACAG
TGAAGC and R, CAAGTGCCTAGATATGCCTC; TGF-f RI
F, TATGATATGACAACATCAGG and R, AACCACAGC
TGCGTCCATGT; TGF-p RII F, GTGTGCCTGTAACATGG
AAG and R, AGGTGTTCTGCTTCAGCTTG; c-myc F, TAG
TGCTGCATGAGGAGACA and R, GTTGCTGATCTGCT
TCAGGA; cyclin DI F, GGATGCTGGAGGTCTGTGAG and
R, GAGTTGTCAGTGTAGATGCAC, B-actin F, TGGAAT
CCTGTGGCATCATGAAA andR, TAAAACGCAGCTCAG
TAACAGTCC.

Western blot analysis. Protein was extracted from the liver
with extraction solution (Pro-Prep™,; Intron Biotechnology,
Seoul, Korea). The protein concentrations were determined
using the BCA kit (Pierce Biotechnology Inc., Rockford, IL,
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Figure 1. Development of liver tumors and necropsy findings. (A) Gross findings of excised liver. All the masses were divided into foci (<10 mm) and nodules
(=10 mm). KLF10 KO mice had less masses and nodules than the WT mice. Arrowheads, foci, arrow, nodule. (B) The mean liver/body weight ratio was
significantly higher in the WT than the ratio in the KLF10 KO mice at both 28 and 38 weeks of age. "P<0.05 and “P<0.01 by unpaired Student's t-test. (C) The
incidence of nodules and total masses was higher in the WT than the incidence in the KLF10 KO mice at both 28 and 38 weeks of age. WT, wild-type.

USA). After being transferred onto nitrocellulose membranes,
the proteins were blocked and incubated overnight with
specific antibodies against B-actin, Smad4, Smad7, pl15,
p21, TGF-p RI, cMyc (Santa Cruz Biotechnology, Inc.),
Smad?2, Smad3, p-Smad3, p27, TGF-p RII and cyclin D1
(Cell Signaling Technology Inc., Beverly, MA, USA) at 4°C.
Then, the membranes were washed with TBST and incubated
with either anti-rabbit or anti-mouse secondary antibodies
(Santa-Cruz Biotechnology, Inc.), which were horseradish-
peroxidase linked. Specific antibodies were detected with an
ECL test kit (KPL, Gaithersburg, MD, USA). The band inten-
sities were quantified using Imagequant Software (Image Lab
V4.0; Bio-Rad Inc., San Diego, CA, USA) and normalized to
[-actin expression.

Statistical analysis. For statistical analysis, all data obtained
were analyzed using SPSS V14.0 software (SPSS Inc., Chicago,
IL, USA). Statistically significant differences between the
studied groups were evaluated using the unpaired Student's
t-test or the Fisher's exact test. Results were determined to be
statistically significant for values of P<0.05 (P<0.05 and P<0.01
are indicated in the figure legends).

Results

Gross findings and histopathological analysis. KLF10 KO
mice (n=14 and 14, respectively) and WT mice (n=14 and 13,
respectively) were sacrificed at 26 and 36 weeks after DEN
injection (at the age of 28 and 38 weeks, respectively), and
the body and liver weights were determined. The number and
diameter of the masses in the liver were determined. All the

masses were divided into foci (<10 mm) and nodules (=10 mm)
depending on their size (Fig. 1A).

The liver/body weight ratios were significantly lower in
the KLF10 KO than these ratios in the WT mice. At the age
of 28 weeks, the mean * standard deviation (SD) values of
the ratios of the WT and KLF10 KO mice were 0.047+0.0079
and 0.042+0.0054, respectively (P=0.046). At the age of
38 weeks, the mean + SD ratios of the WT and KLF10 KO
mice were 0.056+0.00076 and 0.042+0.0083, respectively
(P=0.00077) (Fig. 1B). The incidence of masses was also lower
in the KLF10 KO than that in the WT mice. The total inci-
dence of masses was 71.43 vs. 57.14% at 26 weeks after DEN
treatment, and 100 vs. 71.43% at 36 weeks after DEN treat-
ment in the WT and KLF10 KO mice, respectively. In addition,
the WT mice had more nodules than those in the KLF10 KO
mice. The total incidence of nodules was 21.43 vs. 7.14% at the
age of 26 weeks and 92.31 vs. 50%, at the age of 36 weeks in
the WT and KLF10 KO mice, respectively, after DEN treat-
ment (Fig. 1C).

In the DEN-treated mice, the hepatic lesions progressed
from hepatic foci, HCA to HCC. In the microscopic obser-
vation, the hepatic foci showed irregular cellular size. Most
hepatic foci consisted primarily of clear or vacuolated cells,
and partially of basophilic cells. HCAs displayed well-circum-
scribed lesions, composed of hepatocytes with cellular
pleomorphism, anisokaryosis and basophilic or vacuolated
cytoplasm containing hepatocytes. Most of the adenomas did
not have normal lobular architecture and their vasculatures
were compressed or altered. In HCCs, cellular atypia with
malignancy, an increase in the nuclear-cytoplasmic ratio
and mitotic figures were common and a trabecular growth
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Figure 2. Histopathological findings of the liver tissues. (A) H&E staining of the normal liver tissues, heptic foci, HCA and HCC. Scale bar, 100 ym. (B) Incidence
of the HCA, HCC and total tumors. The incidence of HCA, HCC and total tumors was higher in the WT than the incidence in the KLF10 KO mice at both
28 and 38 weeks of age. The combined incidence of adenomas and carcinomas was significantly higher in the WT mice at 36 weeks after DEN treatment
(P=0.021). "P<0.05 by the Fisher's exact test. HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; WT, wild-type; DEN, diethylnitrosamine.
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Figure 3. Analyses of the proliferative potential of the liver cells. (A) PCNA stainings of the normal liver, hepatic foci, HCA and HCC. The number of PCNA-
positive nuclei was greater in the WT than that in the KLF10 KO mice. Scale bar, 50 ym. (B) PCNA labeling indices. The number of PCNA-positive cells was
significantly higher in the WT than that in the KLF10 KO mice at both 28 and 38 weeks of age. When comparing only the tumor tissues including the pre-
neoplastic hepatic foci, adenoma and hepatocellular carcinoma, the values were significantly higher in the WT mice at the age of 28 weeks. When comparing
only the tumor tissues including the hepatocellular adenoma and carcinoma, the values were also significantly higher in the WT mice at the age of 38 weeks.
“P<0.05 and “P<0.01 by the unpaired Student's t-test. HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; WT, wild-type.
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Figure 4. Analyses of the mRNA expression levels of Smad2, cMyc, cyclin D1, Smad3, p15 and TGF-§ R1, which are involved in the TGF-f/Smad pathway.
(A-C) Smad2, cMyc and cyclin D1 were expressed significantly higher in the WT mice. (D and E) Smad3 and P15 were expressed significantly higher in
the KLF10 KO mice. (F) TGF-f RI was expressed significantly higher only in the KLF10 KO tumor group. -actin was used as the housekeeping gene.
“P<0.05 and “P<0.01 by unpaired Student's t-test. TGF-f, transforming growth factor-; WT, wild-type.

pattern was the most prominent feature (Fig. 2A). At the age of
28 weeks, the incidence of HCA in the KLF10 KO vs. the WT
mice was 14.30 (2/14) and 42.90% (6/14), respectively, but there
were no malignant lesions observed in any mice. At the age of
38 weeks, the incidence of HCA, HCC and total tumors was
42.86 (6/14), 7.14 (1/14) and 50.00% (7/14) in the KLF10 KO
mice and 61.54 (8/13), 30.77 (4/13) and 92.31% (12/13) in the
WT mice, respectively. The tumor incidence was significantly
higher in the WT than that in the KLF10 KO mice (Fig. 2B;
P=0.021 by Fisher's exact test).

Comparison of the cellular proliferative potential of liver
tissues in the WT and KLFI10 KO mice. The immunohisto-
chemical staining for PCNA was assessed to analyze the
proliferative potential of hepatocytes. The number of PCNA-
positive nuclei was counted in an area of 0.1 mm? under a
light microscope. The PCNA labeling index was significantly
higher in the WT than that in the KLF10 KO mice. At 26 weeks
after DEN treatment, the mean + SD values of the WT and
KLF10 KO mice were 24.9+18.6 and 9.64+8.83, respectively
(P=0.010). When comparing only tumorous tissues including
pre-neoplastic hepatic foci, the values were 38.3+12.7 and
13.1£8.19, respectively (P=0.0023). At 36 weeks after DEN
administration, the mean + SD values of the WT and KLF10 KO
mice were 42.8+11.2 and 27.2+13.8, respectively (P=0.0060).
When comparing only tumorous tissues excluding hepatic foci
tissues, the values were 45.1+11.1 and 33.2+5.40, respectively
(P=0.041) (Fig. 3).

Analyses of expression of genes involved in the TGF-f/Smad
signaling pathway. To investigate the mRNA transcription

levels of the genes (Smad2, Smad3, Smad4, Smad7, p15, p21,
TGF-p RI, TGF-p RII, cMyc and cyclin DI) involved in the
TGF-p/Smad pathway, RT-PCR analyses were performed.
The mRNA levels of Smad2, one of the KLFI0 target genes,
were higher in the WT than levels in the KLF10 KO mice and
a significant difference was obtained in the tumor tissues.
The levels of Smad3 and pl5, antiproliferative genes, were
significantly higher in the tumor tissues of the KLF10 KO than
levels in the tumor tissues of the WT mice. TGF-f RI, which
is involved in the early stage of the TGF-3 pathway and may
potentially inhibit cellular proliferation (10), was expressed
prominently in the KLF10 KO tumor tissues when compared
with the other tissues. In contrast, cMyc and cyclin D1 genes
associated with cellular multiplication showed significantly
higher expression in the WT tumors than levels in the other
tissues (Fig. 4). Other genes, Smad2, Smad4, Smad7, p21 and
TGF-f RII, did not have any significant difference in mRNA
levels (data not shown).

Western blot analysis of proteins involved in the TGF-f/Smad
signaling pathway. To examine the expression levels of the
TGF-f pathway target or associated proteins [Smad2, Smad3,
Smad4, Smad7, phospho-Smad2 (p-Smad2), phospho-Smad3
(p-Smad3; ser433/435), pl5, p21, p27, TGF-p1, TGF-$ RI,
TGF-f RII and cyclin D1], western blot analysis of each protein
was assessed and normalized to the B-actin level. Similar to
the quantitative RT-PCR results, the protein levels of Smad2
were significantly higher in the WT than levels in the KLF10
KO tissues. Likewise, Smad3 and pl15 levels were significantly
higher in the KLF10 KO than levels in the WT tumor and
the normal KLF10 KO tissues. The TGF-f§ RI protein level
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was also significantly higher in the KLF10 KO than levels in
the WT tumor and normal tissues. TGF-p1, the initiator of
the TGF-p pathway and one of the KLF10 target genes, was
higher in the KLF10 KO tumors than that in the other tissues.
In contrast, the cyclin D1 level was significantly higher in the
WT tumors than this level in the other tissues (Fig. 5). Other
proteins, Smad4, Smad7, p-Smad?2, p21, p27 and TGF-f RII,
did not have any meaningful difference in protein levels (data
not shown). Additional analysis of p-Smad3, the activated
form of Smad3, was performed, and the expression level in the
KLF10 KO tumors was more dominant than that in the WT
tumors (P=0.042) (Fig. 5C). The p-Smad3/Smad3 ratio used to
analyze the degree of Smad3 activation was also significantly
higher in the KLF10 KO, than this ratio in the WT tumor
tissues (Fig. SH).

Discussion
KLFI10, first observed in 1995, is known to induce upregula-

tion of TGF-f target genes by enhancement of R-Smad and
co-Smad activation. It may also enhance TGF-f3 signaling

transduction by induction of the expression of several genes
involved in TGF-f signaling, Smad2 and TGF-p1 (21,27,28).
TGF-p may regulate many biological processes in most cells,
and cellular responses to TGF-f are different under various
conditions (11,12). The actual functions of TGF-f with
KLF10 in various pathophysiological conditions still remain
unclear (13,20,24). Particularly, there have not been any
in vivo studies to elucidate the roles of KLF10 in the liver. In
the present study, functions of the KLF10 gene in chemically
induced hepatic tumorigenesis were investigated using KLF10
KO mice. The mouse model of DEN-induced HCC, which
was also employed in the present study, has been extensively
used for liver carcinogenesis studies since it is genetically and
histologically similar to the human one (29,30).

In the necropsy and histopathological results, KLF10 KO
mice exhibited a lower incidence of tumors (Figs. 1C and 2B).
Additionally, PCNA labeling indices were significantly higher
in the WT than indices in the KLF10 KO mice (Fig. 3B).
Considering these results, KLF10 KO mice may benefit from
antiproliferative activity following chemically induced hepatic
tumorigenesis. To elucidate the causes behind the increased
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antiproliferative effects in KLF10 KO mice, the expression
levels of genes involved in the TGF-f/Smad pathway were
examined by quantitative RT-PCR. The expression level of
the Smad?2 gene, one of the KLF10 target gene, was higher in
the WT than that in the KLF10 KO mice, and the significant
difference was obtained between the tumor tissues of the
WT mice and those of the KLF10 KO (Fig. 4A). This may be
caused by malfunction of the KLF10 gene in KO mice, and
the difference was intensified in the tumor tissues. However,
Smad7 and p21, previously also reported as target genes of
KLF10, did not show any significant differences. Smad4
and TGF-p RII, mediators of TGF-f signaling, did not have
any significant differences either (data not shown). This may
indicate that KLF10 ablation did not affect the expression of
the genes mentioned above in hepatic carcinogenesis, except
for Smad2. In contrast, mRNA levels of Smad3, TGF-p3 RI
and pl15 were increased in the tumor tissues of the KLF10 KO
mice, and cMyc, cyclin D1 were expressed prominently in
the tumor tissues of the WT mice (Fig. 4B-F). In the western
blot analysis, similar results were obtained, and TGF-f31
was expressed significantly higher in the tumor tissues of
the KLF10 KO mice than in other tissues. In addition, the
p-Smad3/Smad3 ratio was significantly higher in the tumor
tissues of the KLF10 KO mice (Fig. 5). Considering these
results, the KLF10 null condition induced abundant expres-
sion of TGF-f R1, TGF-f1, Smad3 and increased activation of
Smad3. It reinforced the TGF-/Smad pathway in chemically
induced carcinogenesis. As a result, p15, one of the positively
regulated target genes of the TGF-f pathway, was increased in
the KLF10-deficient mice and it suppressed transcription and
function of proliferation-related genes, cMyc and cyclin D1.
The activated Smad complex may also directly suppress tran-
scription of the cMyc gene. Thus, lack of KLF10 suppressed
cellular proliferation of hepatocytes during liver tumorigenesis
by reinforcement of the TGF-f/Smad pathway.

TGF-f induces a great variety of cellular responses depen-
dent on the type of cells and the microenvironments (15,18,31).
KLF10, one of the early target genes of TGF-f3, is also involved
in various biological processes and diseases. Most previous
studies have shown that the effects of KLF10 were similar
to those of TGF-p, including antiproliferation; however, this
information remains insufficient and fractionary (21,32-34).
There is one study that examined the roles of KLF10 in liver
cancer and it revealed that upregulation of KLF10 in an HCC
cell line may induce inhibition of cellular proliferation (35).
However, dissimilar to the cell culture environment, the
KLF10 null condition in the liver of a living organism may
induce various other responses, as in the present study, due to
differences in the composition of the cells, the architecture of
the tissue and the microenvironment.

Likewise, various biological responses may be induced
in the same knockout mouse. For example, tumorigenesis of
the lymphoid system was accelerated, while hepatic carci-
nogenesis was suppressed in ataxia telangiectasia-mutated
gene (ATM) KO mice. This may be caused by a dissimilar
process of malignancy derived from differences in the cell
type that participate in tumorigenesis and the microenviron-
ment (36-38). One study concerning tumorigenesis using
KLF10 KO mice showed that the incidence of skin cancer
was increased in KLF10 KO mice (26). As mentioned above,
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diverse responses may be induced in tumorigenesis according
to the type of tissues, although the same genetically engineered
mice were used. Therefore, results showing tumor suppressor
activity can be obtained in liver carcinogenesis study using
KLF10 KO mice, although previous studies were mainly
focused on the tumor-suppressor effects of KLF10.

TGF-f may activate Ras, Rho, TAK1 and PP2A except for
Smad proteins. In addition, KLF10 may be induced by bone
morphogenetic proteins, estrogen and epidermal growth factor
except for TGF-f (17,19,39). Furthermore, KLF11 was recently
found to exhibit similar effects as KLF10 (21,40). Considering
these studies, some compensatory mechanisms for the KLF10
null condition may exist in the non-Smad TGF-f3 pathways or
KLF10 signaling. Thus, to elucidate the exact mechanisms in
KLF10 KO mice, additional analyses of intracellular signaling
pathways (except for Smads) are needed, and also the effects
of other inducers of KLF10 (except for TGF-f) are warranted.
In addition, to confirm the antiproliferative effect of the
KLF10 null condition, in vivo analysis concerning the KLF10
blockade using WT mice is also needed.

In conclusion, the KLF10 KO mice exhibited a lower
tumor incidence and cellular proliferation than the WT mice
following DEN-induced liver tumorigenesis. Although the
expression of the Smad2 gene was decreased in the hepatic
tissues of the KLF10 KO mice, the TGF-B/Smad signaling
pathway was reinforced by upregulation of Smad3, TGF-f31,
TGF-f R1 and increased activation of Smad3. This induced
increased expression of pl5 and the suppression of prolif-
eration-related genes, cMyc and cyclin DI. Based on the
results, KLF10 KO mice may benefit from antiproliferative
activities following liver tumorigenesis by enhancement of
the TGF-f pathway. This study provides the first observa-
tion concerning the mito-inhibitory effects in liver cells
using KLF10 KO mice. However, the exact mechanisms and
effects of the tumor-suppressor activities in KLF10 KO mice
require further elucidation. To confirm these mechanisms,
additional analysis of the non-Smad TGF-f§ pathway and
in vivo examinations using WT mice with KLF10 blocking
agents are needed.
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