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Abstract. Whether a focal adhesion kinase
(FAK)-Kriippel-like factor 8§ (KLF8)-matrix metallo-
proteinase (MMP)-9/E-cadherin signaling axis exists in
hepatocellular carcinoma (HCC) remains unknown. In the
present study, KLF8 expression and its clinicopathological
significance in HCC was investigated to determine the corre-
lation between KLF8 and FAK, MMP-9 and E-cadherin
expression. Tissues were obtained from 60 surgically resected
HCC and normal tumor-adjacent tissues. KLF8, FAK,
MMP-9 and E-cadherin expression levels were examined by
quantitative real-time reverse transcription polymerase chain
reaction (QRT-PCR) and immunohistochemistry. In addition,
KLF8, FAK, MMP-9 and E-cadherin protein expression
levels were examined by western blot analysis in 5 portal vein
cancer emboli and corresponding HCC tissues. The clinico-
pathological data of the HCC patients were retrospectively
analyzed. KLF8 mRNA expression was found to be signifi-
cantly upregulated in HCC tumor tissues compared with
normal tumor-adjacent tissues (P<0.05). KLF8 protein was
highly expressed in portal vein cancer emboli. KLF8 expres-
sion level was significantly higher in tumors with advanced
TNM stages and vascular invasion compared with that in
tumors with early TNM stage and absence of vascular inva-
sion (P<0.05). KLF8 protein and mRNA expression in HCC
positively correlated with that of FAK (r=0.362, P<0.001; and
r=0.377, P<0.01, respectively) and MMP-9 (r=0.392, P<0.01;
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and r=0.336, P<0.01, respectively), but negatively correlated
with E-cadherin (r=-0.364, P<0.01; and r=-0.410, P<0.01,
respectively). Results of the current study highlight a novel
FAK-KLF8-MMP-9/E-cadherin signaling axis during HCC
progression.

Introduction

Hepatocellular carcinoma (HCC) is a primary malignancy of
the liver. It is the fifth most common type of cancer world-
wide and a leading cause of cancer mortality, particularly in
countries with a high prevalence of chronic hepatitis B virus
(HBV) and HCV (1). Due to a poor therapeutic response to
chemotherapy and radiotherapy, liver resection and trans-
plantation are currently the main curative therapies for HCC.
However, the long-term prognosis of the majority of patients
with HCC remains extremely poor due to early recurrence
and metastasis (2,3). The majority of recurrences are associ-
ated with tumor cell invasion and intrahepatic metastasis (4).
Understanding the molecular mechanisms associated with
HCC invasion and metastasis and identifying potential biolog-
ical markers of these processes are critical for the development
of new therapeutic strategies.

Focal adhesion kinase (FAK), a cytoplasmic non-receptor
tyrosine kinase, plays a central role in a number of cellular
events, including cell proliferation, survival, migration
and invasion (5). FAK is overexpressed and activated in a
variety of human tumors, including HCC (6-9). Elevated
FAK expression levels and activity are frequently associated
with tumor metastasis and poor HCC patient prognosis (10).
Kriippel-like factor 8 (KLFS) is a GT-box (CACCC)-binding
dual-transcription factor that contains the C2H2 zinc-finger
motif and is critical for the regulation of cell cycle progres-
sion, cell differentiation and oncogenic transformation (11-13).
Previous studies have demonstrated that KLF8 is markedly
overexpressed in several types of human cancer, including
breast cancer (11), renal carcinoma (12), gastric cancer (14) and
HCC (15). Zhao et al (16) previously identified that KLFS is a
downstream target of FAK and the expression levels of KLF8
are specifically regulated by FAK-Src-phosphatidylinositol 3
kinase (PI3K) signaling in human ovarian cancer cells (17).
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KLF8 directly binds and represses the E-cadherin promoter,
markedly inducing epithelial-to-mesenchymal transition
(EMT), and enhances motility and invasiveness in breast
cancer cells. Blocking KLLF8 expression by RNA interference
restores E-cadherin expression in the cancer cells and mark-
edly inhibits cell invasion (11). KLF8 overexpression has also
been found to induce an increase in MMP-9 expression and
activity. KLF8 directly binds and activates the human MMP-9
gene promoter (18). These observations indicate that the
FAK-KLF8-MMP-9/E-cadherin signaling axis is important
for cancer progression, enabling tumor cells to gain EMT
phenotypes and increase MMP-9 levels, leading to increased
invasion and metastasis.

KLF8 has also been reported to play an oncogenic role
in HCC. Li et al (15) found that KLF8 promotes HCC cell
proliferation and invasion, inhibits apoptosis and induces
EMT. However, the molecular mechanisms by which
KLF8 enhances HCC cell invasion and metastasis remain
poorly understood. We previously hypothesized that the
FAK-KLF8-MMP-9/E-cadherin signaling axis plays a vital
role in HCC progression. In the present study, KLF8 expres-
sion and its clinicopathological significance in HCC was
investigated using quantitative real-time reverse transcription
polymerase chain reaction (QRT-PCR) and immunohisto-
chemistry. In addition, the correlation between KLF8 and
FAK, MMP-9 and E-cadherin expression was determined in
HCC.

Materials and methods

Patients and specimens. Sixty fresh tumor samples for
gqRT-PCR and immunohistochemistry were randomly
collected from HCC patients who underwent curative resec-
tion between 2008 and 2010 at the First Affiliated Hospital
of Medical College, Xi'an Jiaotong University (Xi'an, China).
For western blot analysis, 10 invasive tumor tissues were
selected from the 60 cases. Resected tumors and corre-
sponding non-tumor tissues specimens (>2 cm away from
the tumor) were immediately cut from the resected liver and
subdivided into 2 portions. One portion was rapidly frozen in
liquid nitrogen and stored at -80°C until use and the other was
fixed in buffered paraformaldehyde for immunohistochemical
staining. None of the patients had received radiotherapy or
chemotherapy prior to sampling. Clinical data were obtained
from medical records. Histopathological Edmonson clas-
sification, clinical tumor-node-metastasis (TNM) grading,
maximum tumor diameter and normal tumor-adjacent tissues
were all confirmed by an experienced pathologist who was
blinded to the clinical information. Written informed consent
was obtained from all patients. The Xi'an Jiaotong University
Ethics Committee approved all protocols according to the
Helsinki Declaration of 1975.

Immunohistochemical staining. Immunohistochemical
staining was performed on paraformaldehyde-fixed paraffin
sections (4 um), as described previously (19). In brief, sections
were dewaxed and rehydrated, and antigens were retrieved in
citrate buffer. Endogenous peroxidase activity was blocked for
10 min using 3.0% hydrogen peroxide. Goat serum (10%) was
applied to the sections to prevent non-specific binding. The

sections were then separately incubated with the following
primary antibodies at 4°C overnight: rabbit anti-FAK (1:200;
Cell Signaling Technology, Inc., Danvers, MA, USA), rabbit
anti-KLF8 (1:200; Aviva Systems Biology, San Diego, CA,
USA), mouse anti-E-cadherin (1:100) and rabbit anti-MMP-9
(1:200; both Santa Cruz Biotechnology, Santa Cruz, CA,
USA). The primary antibody was detected using biotinylated
secondary antibodies (Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd., Beijing, China) according to the
manufacturer's instructions. Sections were visualized with
diaminobenzidine, counterstained with hematoxylin, dehy-
drated in alcohol and xylene and mounted onto glass slides.
For negative controls, primary antibody was replaced with
PBS.

All sections were assessed independently by two experi-
enced pathologists. The staining results for the four proteins
(FAK, KLFS8, E-cadherin and MMP-9) were semi-quantita-
tively expressed by an immunohistochemical score combined
with the percentage of liver cells revealing specific immuno-
reactivity. Staining intensity was expressed by four grades
as follows: 0, none; 1, weak; 2, moderate; and 3, strong.
The percentage of positive liver cells was expressed by the
following grades: 0, <10%; 1, 10-25%; 2, 26-50%; 3, 51-75%;
and 4, >75%. The staining intensity and average percentage of
positive liver cells were assayed for 5 independent high magni-
fication fields. The total score was calculated by multiplying
the staining intensity and the percentage score of positive liver
cells. Specimen staining was assessed as total score: negative
(-), score 0; weakly positive (+), score 1-4; positive (++), score
5-8; strongly positive (+++), score 9-12.

Western blot analysis. Proteins were extracted from the
portal vein cancer emboli and corresponding HCC tissues
of 5 patients and lysed in RIPA buffer containing protease
inhibitor cocktail and PMSF on ice. Protein concentra-
tion was quantified using a BCA Protein Assay kit (Pierce
Biotechnology, Inc., Rockford, IL, USA) according to the
manufacturer's instructions. Proteins suspended in loading
buffer were heated at 95°C for 5 min for denaturation. Equal
amounts of proteins (20 ug/lane) were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA). Following blocking for 1 h with
5% non-fat milk and TBST washes, the membranes were
incubated overnight at 4°C with primary antibodies against
FAK (1:1,000), KLF8 (1:500), E-cadherin (1:1,000), MMP-9
(1:1,000) and pB-actin (1:2,000; Santa Cruz Biotechnology).
Subsequently, the membranes were incubated with goat
anti-mouse or anti-rabbit horseradish peroxidase-conjugated
secondary antibodies (1:10,000; Santa Cruz Biotechnology)
for 1 h at room temperature. Blots were then visualized using
the Super Signal West Pico chemiluminescent substrate kit
(Millipore) and exposed to X-ray films.

qRT-PCR. Total RNA was isolated from the frozen specimens
stored in liquid nitrogen using the RNAfast 200 purification kit
(Fastagen Biotech, Shanghai, China). A5, Optical density
values of the RNA samples were between 1.8 and 2.1. RNA
integrity was confirmed by the presence of intact 18S and
28S bands on 2% agarose gels. Next, total RNA was reverse
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Table I. Primer sequences for qRT-PCR.

Gene Forward (5'-3") Reverse (5'-3") Products (bp)
FAK ACATTATTGGCCACTGTGGATGAG GGCCAGTTTCATCTTGTTGATGAG 126
KLF8 CTGGACAGTTGCTTATGGCATC CTGCCTAATCTACCCAATCAGTTCA 169
E-cadherin AGTGGGCACAGATGGTGTGA TAGGTGGAGTCCCAGGCGTA 93
MMP-9 CCTGGGCAGATTCCAAACCT GCAAGTCTTCCGAGTAGTTTTGGAT 89
[B-actin TGGCACCCAGCACAATGAA CTAAGTCATAGTCCGCCTAGAAGCA 186

FAK, focal adhesion kinase; KLF8, Kriippel-like factor 8; MMP-9, matrix metalloproeteinase 9; qRT-PCR, quantitative real-time reverse

transcription polymerase chain reaction.

transcribed at 37°C for 15 min and incubated at 85°C for
5 sec using PrimeScript RT reagent (Takara Biotechnology,
Shiga, Japan). cDNA was used for qRT-PCR analysis with
SYBR-Green PCR master mix (Takara Biotechnology) and
the BD IQ5 cycler (BD Biosciences, Franklin Lakes, NJ, USA)
according to the manufacturer's instructions. The primer
sequences used for the detection of FAK, KLF8, MMP-9,
E-cadherin and B-actin are summarized in Table I. PCR was
performed under the following conditions: 1 cycle at 95°C for
5 min, then 40 cycles at 95°C for 30 sec and 60°C for 30 sec.
[-actin was used as an internal control. Relative mRNA levels
were calculated based on the threshold cycle (CT) values,
which were corrected based on (3-actin expression, according
to the equation: 22T (ACT = CT ,;eer gene - Clpacin)-

Statistical analysis. Statistical analyses were performed with
the SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). For
continuous variables, data are expressed as the mean + SD.
KLF8 mRNA expression levels in the tumor and adjacent
non-tumorous tissues were compared by the paired t-test.
Clinicopathological parameters and KLF8 mRNA expression
correlations were analyzed using the Mann-Whitney U test.
Clinicopathological parameters and KLF8 protein expression
correlations were analyzed using the Spearman's rank correla-
tion coefficient test. The correlation between KLF8 mRNA
expression and FAK, MMP-9 and E-cadherin mRNA expres-
sion was analyzed using the Pearson correlation coefficient
test and the correlation between KLF8 protein expression and
FAK, MMP-9 and E-cadherin protein expression was analyzed
using Spearman's rank correlation coefficient test. P<0.05 was
considered to indicate a statistically significant difference.

Results

KLF8 mRNA and protein expression in HCC and adjacent
non-tumorous tissues. KLF8§ mRNA expression in 60 pairs
of HCC tumor and adjacent non-tumorous tissues was
detected by qRT-PCR. The expression of KLF8 mRNA
in HCC tissues was markedly upregulated compared
with adjacent non-tumorous tissues (P<0.05; Fig. 1A).
Immunohistochemical staining was performed in the same
tissues to detect KLF8 protein expression. Specifically,
51.6% (n=31) of the HCC tumor tissues and 41.6% (n=25) of
the adjacent non-tumorous tissues revealed KLF8-positive
staining. The majority of positive cells in HCC tumor tissues
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Figure 1. KLF8 mRNA expression in HCC tissue samples. (A) KLF8 mRNA
expression in 60 pairs of HCC tumor and adjacent non-tumorous tissues, as
determined by qRT-PCR analysis. (B) KLF8 mRNA expression in tumor
tissues with positive (n=31) and negative (n=29) staining, as determined by
immunohistochemistry. KLF8, Kriippel-like factor 8; HCC, hepatocellular
carcinoma; qRT-PCR, quantitative real-time reverse transcription poly-
merase chain reaction.

revealed diffuse cytoplasmic staining and intense nuclear
staining of KLF8, while adjacent non-tumorous tissues
mainly exhibited diffuse cytoplasmic staining (Fig. 2).
These observations indicate that KLF8 nuclear translocation
is required during HCC progression. We also investigated
whether the higher expression of KLF8 in HCC tissues was
consistent at the mRNA and protein levels. As demonstrated
in Fig. 1B, by comparing the mRNA levels of KLF8 in tumor
tissues with positive staining (n=31) to those with negative
(n=29) staining, as determined by immunohistochemistry,
samples with positive protein staining were found to have
significantly higher mRNA expression than the negative
group (P<0.05), indicative of a consistency between KLF8§
mRNA and protein levels during HCC development.
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Table II. Correlation between KLF8 expression and clinicopathological characteristics in 60 HCC patients.

KLF8 protein expression

Clinicopathological KLF8 mRNA

parameters n (mean = SD) P-value - + ++ +++ r-value P-value

Age, years
<55 27 0.0053+0.0084 0.181 11 7 7 2 -0.119 0.367
>55 33 0.0039+0.0084 18 6 7 2

Gender
Male 49 0.0043+0.0080 0.731 23 11 12 3 0.043 0.745
Female 11 0.005620.0105 6 2 2 1

Tumor size, cm
<5 18 0.0044+0.0069 0.729 8 4 3 3 -0.088 0.503
>5 42 0.0046x0.0090 21 9 11 1

Tumor number
Solitary 53 0.0049+0.0089 0.276 26 12 12 3 0.081 0.540
Multiple 7 0.0014+0.0012 3 1 2 1

Edmonson's staging
I-1I 45 0.0023+0.0029 0.069 22 11 10 2 0.082 0.531
II-1vV 15 0.0104+£0.0143 7 2 4 2

TNM staging
I 40 0.0029+0.0045 0.198 23 7 9 1 0.261 0.044
II-111 20 0.0078+0.0127 6 6 5 3

Vascular invasion
Absent 47 0.0027+0.0042 0.047 27 8 11 1 0.346 0.007
Present 13 0.0111+0.0148 2 5 3 3

AFP, ng/ml
<20 23 0.0045+0.0086 0.637 11 4 7 1 -0.027 0.84
>20 37 0.0045+0.0084 18 9 7 3

HBsAg
Positive 44 0.0045+0.0086 0.688 21 12 9 2 -0.076 0.563
Negative 16 0.0041+0.0071 8 1 5 2

AFP, fetoprotein; TNM, tumor-node-metastasis; HBsAg, hepatitis B surface antigen; KLF8, Kriippel-like factor 8; HCC, hepatocellular carcinoma.

Figure 2. Immunohistochemical staining of KLF8 in HCC tissues and adjacent non-tumorous tissues. (A) A negative control was used to demonstrate the
specificity of the antibody. (B) Positive staining of KLF8 in HCC tissues was localized mainly in the nucleus. (C) Positive staining of KLF8 in adjacent
non-tumorous tissues revealed diffuse cytoplasmic distribution. KLF8, Kriippel-like factor 8; HCC, hepatocellular carcinoma.

Correlation between KLF8 expression in HCC tissues and  between KLF8 expression and the clinicopathological char-
clinicopathological characteristics. To assess the clinical  acteristics of the 60 HCC patients was statistically analyzed,
significance of KLF8 expression in HCC, the correlation and the results are presented in Table II. HCC tissues with
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Table III. Correlation between KLF8 protein expression and FAK, E-cadherin and MMP-9 protein expression in 60 HCC patients.

FAK MMP-9 E-cadherin
KLF8 - + ++ +++ r-value P-value - + ++ +++ r-value P-value - + ++ +++ r-value P-value
0 18 7 3 1 0.377 0003 9 9 9 2 0336 0009 11 7 7 4 -0410 0.001
+ 6 7 0 0 5 4 4 0 6 3 2 2
++ 4 4 5 1 2 3 3 6 12 1 1 0
+++ 0 2 1 1 0O 0 2 2 4 0 O 0

FAK, focal adhesion kinase; KLF8, Kriippel-like factor 8; MMP-9, matrix metalloproeteinase-9; HCC, hepatocellular carcinoma.

vascular invasion exhibited higher KLF8 mRNA and protein
expression levels than those without vascular invasion
(P<0.05). HCC tissues with advanced TNM staging exhibited
higher KLFS8 protein expression levels than those with a lower
TNM staging (r=0.261, P<0.05). However, no significant
correlation was observed between KLF8 expression and age,
gender, HBV infection, fetoprotein (AFP), tumor number
and tumor size. In addition, western blot analysis revealed
that KLF8 protein levels were higher in portal vein cancer
emboli compared with their corresponding primary HCC
tissues (Fig. 3).

KLF8§ expression in HCC tissues positively correlates with
FAK expression. KLF8 and FAK mRNA expression levels
were determined by qRT-PCR in 60 HCC tissues. KLF8
mRNA expression was found to positively correlate with
FAK mRNA expression levels in the HCC tissues (r=0.362,
P<0.001), as assessed by Pearson correlation coefficient
test (Fig. 4A). KLF8 and FAK protein expression was deter-
mined by immunohistochemical staining. FAK protein was
positively stained in the cytoplasm of carcinoma cells and
53.3% (n=32) of the HCC tumor samples revealed positive
staining of FAK protein. KLF8 protein expression levels
positively correlated with FAK protein expression levels in
the HCC tissues (r=0.377, P<0.01), as assessed by Spearman's
rank correlation coefficient test (Table III, Fig. 5).

KLF8§ expression in HCC tissues positively correlates with
MMP-9 expression. qRT-PCR demonstrated that KLF8
mRNA expression levels positively correlated with MMP-9
mRNA expression levels in the HCC tissues (r=0.392, P<0.01),
as assessed by Pearson correlation coefficient test (Fig. 4B).
Immunohistochemical staining revealed that MMP-9 protein
was diffuse with moderate or strong staining in the cytoplasm
of tumor cells. Positive staining of MMP-9 protein was
found in 73.3% (n=44) of the HCC tissues. Consistent with
mRNA expression levels, KLF8 protein expression positively
correlated with MMP-9 protein expression in the HCC tissues
(r=0.336, P<0.01; Table III, Fig. 5).

KLF8 expression in HCC tissues negatively correlates with
E-cadherin expression. KLF8 mRNA expression levels
were found to negatively correlate with E-cadherin mRNA
expression levels in the HCC tissues (r=-0.364, P<0.01), as
assessed by Pearson correlation coefficient test (Fig. 2C).

Case

KLF8

B-actin

Primary HCC tissues
Case 1 2 3 4 5

KLF8

B-actin

Portal vein cancer emboli

Figure 3. Western blot analysis of KLF8 protein expression in portal vein
cancer emboli and their corresponding HCC tissues. Higher expression
levels of KLF8 were detected in portal vein cancer emboli compared with
corresponding primary HCC tissues. Cases were numbered as 1, 2, 3, 4
and 5. B-actin was used as internal control. KLF8, Kriippel-like factor 8;
HCC, hepatocellular carcinoma.

Immunohistochemical analysis revealed that positive
E-cadherin protein staining was largely presented in the
membranes of carcinoma cells. The positive staining of
E-cadherin protein was found in 45% (n=27) of the HCC
tissues. KLF8 protein expression levels negatively correlated
with E-cadherin protein expression levels in the HCC tissues
(r=-0.410, P<0.01; Table III, Fig. 5).

Discussion

The long-term prognosis of the majority of patients with HCC
remains extremely poor due to early recurrences and metas-
tases. HCC metastasis requires invasive cells to detach from
the localized tumors by EMT and degrade the extracellular
matrix using proteases, including MMPs. Following this,
these cells must survive the circulation as circulating tumor
cells and colonize distant locations (20,21). Understanding
the molecular mechanisms underlying each of these steps is
crucial for targeting metastatic cells at early stages to improve
patient survival.

KLF8 has recently emerged as an important oncogenic
transcription factor and is overexpressed in several types of
human cancer (11-15). In the present study, KLF8 mRNA
expression was found to be significantly upregulated in HCC
tumor tissues compared with tumor-adjacent tissues. KLF8
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Figure 4. Correlation between KLF8 and FAK, E-cadherin and MMP-9 mRNA expression in 60 HCC patients. KLF8 mRNA expression was positively corre-
lated with (A) FAK (r=0.362, P<0.001) and (B) MMP-9 mRNA expression (r=0.392, P<0.01) and (C) negatively correlated with E-cadherin mRNA expression
(r=-0.364, P<0.01). FAK, focal adhesion kinase; KLF8, Kriippel-like factor 8; MMP-9, matrix metalloproeteinase 9; HCC, hepatocellular carcinoma.

E-cadherin

Figure 5. Immunohistochemical staining of KLF8, FAK, MMP-9 and E-cadherin in HCC. (A) High KLF8 protein expression was consistent with high
(B) FAK and (C) MMP-9 protein expression and (D) no detectable E-cadherin. (E) Low KLF8 protein expression was consistent with (F) low FAK and

(G) MMP-9 protein expression and (H) strong E-cadherin protein expression (magnification, x400). FAK, focal adhesion kinase; KLF8, Kriippel-like factor 8;
MMP-9, matrix metalloproeteinase 9; HCC, hepatocellular carcinoma.

Upregulated KLF8

Binds to MMP% Binds to E-cadherin
promoter promoter

expression level was significantly higher in tumors with
advanced TNM stages and vascular invasion compared with
that in tumors with early TNM stage and absence of vascular
invasion (P<0.05). In addition, higher expression levels of
KLFS8 protein were detected in portal vein cancer emboli
compared with corresponding primary HCC tissues. These
results indicate that increased KLF8 expression correlates

Degrades with more invasive HCC phenotypes and a poorer prognosis.
Activation of MMp9| _=sadherin Next, the correlation between KLF8 expression and its
possible upstream and downstream factors was analyzed in
60 HCC tissues. FAK, a cytoplasmic non-receptor tyrosine
kinase, plays a key role in the regulation of cell proliferation,
survival, migration and invasion in HCC. High levels of FAK
expression were found to correlate with early metastasis and
[lncremd migration and poor prognosis in HCC patients who underwent curative
invasion of HCC eells surgery (22). KLF8 was previously identified as a downstream

. 6 sei ¢ HOC FAK-KLFS-MMP-9/E-cadh target of FAK and KLF8 mRNA levels are upregulated by
igure 6. Schematic representation o - - -9/E-cadherin ~ 3 . . . .

signaling activation. FAK, focal adhesion kinase; KLF8, Kriippel-like factor 8; FAK through the PISK-Akt Spl Slgnahng p athway m Ovar}an
MMP-9, matrix metalloproeteinase 9; HCC, hepatocellular carcinoma; ~ CaNCET cells (11,16). In the present study, KLF8 expression
EMT, epithelial-mesenchymal transition; ECM, extracellular matrix. levels were found to positively correlate with FAK expression
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in HCC tissues. These observations indicated that KLF8 may
also be a downstream target of FAK in HCC cells and is regu-
lated by FAK.

MMP-9 is amember of the MMP family that degrades dena-
tured collagens and type IV collagen present in the basement
membrane. Thus, MMP-9 is critical for tumor cell invasion
and metastasis (23). MMP-9 is significantly upregulated in
several types of cancer, including HCC, and is associated with
tumor progression and poor survival in HCC patients (24,25).
KLFS8 directly binds and activates the MMP-9 gene promoter,
leading to a marked increase in MMP-9 expression and
activity in human breast cancer cells (18). In the current study,
KLF8 expression levels were found to positively correlate
with MMP-9 expression in HCC tissues. The positive correla-
tion between KLF8 and MMP-9 indicated that MMP-9 may
represent a downstream target of KLF8 in HCC cells, and the
increased activity of MMP-9 in HCC cells may be caused, in
part, by upregulated KLF8 expression.

During EMT, non-invasive and non-metastatic tumor cells
lose their epithelial phenotype, acquire invasive properties, infil-
trate surrounding tissues and metastasize to secondary sites, and
this process is considered to be a crucial step of metastasis (26).
Studies have demonstrated that EMT frequently occurs in HCC
and is involved in tumorigenesis and metastasis (27,28). Loss of
expression of the epithelial marker, E-cadherin, is the hallmark
of EMT, resulting in reduced epithelial integrity and polar-
ized function. The downregulated expression of E-cadherin
is common in HCC and has been found to be associated with
hypermethylation of the E-cadherin promoter (29), HBV infec-
tion (30) and the aberrant activity of several transcription factors,
including Snail and Twist (31). Previously, KLF8 was found to
directly bind and repress the promoter of E-cadherin, mark-
edly inducing EMT and enhancing motility and invasiveness
in breast cancer cells (11). In the present study, KLF8 expres-
sion levels were found to negatively correlate with E-cadherin
expression in HCC tissues. KLF8 was highly expressed in
portal vein cancer emboli, while E-cadherin expression was
low (data not shown). The negative correlation between KLF8
and E-cadherin indicated that E-cadherin may be regulated by
KLF8 in HCC cells and the loss of E-cadherin expression may
be caused, in part, by KLF8 overexpression. Notably, MMP-9
degrades E-cadherin into soluble E-cadherin, thus suppressing
E-cadherin activity and inducing EMT (32). These observa-
tions indicate that a loss of E-cadherin expression and activity
may be a result of the KLF8-mediated repression of E-cadherin
and induction of MMP-9.

Results of the present study demonstrate the importance
of the FAK-KLF8-MMP-9/E-cadherin signaling axis during
HCC progression (Fig. 6). Overexpression of FAK in HCC cells
leads to the upregulation of KLF8 expression and increased
KLF8 nuclear translocation. KLF8 binds to the promoters
of MMP-9 and E-cadherin, inducing marked increases in
MMP-9 activity and a loss of E-cadherin expression. In this
manner, HCC cells gain the ability to degrade the extracellular
matrix and undergo EMT.
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