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Abstract
AIM: To investigate the effects of RNA interference tar-
geting hepatocyte progenitor kinase-like kinase (HGK) in 
the invasion and adhesion of hepatocellular carcinoma 
(HCC) cell line HepG2. 

METHODS: Three paired insert DNA fragments specific 
to HGK gene and one negative control DNA fragment 
were synthesized and inserted into RNAi-Ready pSIREN-
RetroQ-ZsGreen vector. Western blotting assay and real-
time reverse transcriptase polymerase chain reaction 
(RT-PCR) were used to screen the vector with a highest 
inhibitory rate. The vector was used to generate recom-
binant retrovirus specific to HGK. 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2h-tetrazolium bromide (MTT) assay 
was used to examine cell growth; wound closure assay 
and cell adhesion assay were employed to investigate 
cell migration and adhesion respectively; and transwell 
assay and three-dimensional culture invasion assay 

were used to detect cell invasion. The expressions of 
matrix metalloproteinase (MMP)-2, MMP-9 and nuclear 
factor (NF)-κB were detected by Western blotting assay. 

RESULTS: The real time RT-PCR and Western blotting 
assay showed that cells transfected with retrovirus me-
diating RNAi targeting of HGK (RV-shHGK)-1 vector had 
the strongest inhibition of HGK protein, with an inhibi-
tion rate of 76%, and this vector was used to generate 
recombinant retrovirus RV-shHGK-1. Cell adhesion assay 
and MTT assay found that cell adhesion and growth of 
the cells infected with RV-shHGK-1 were significantly 
lower than those of the control cells (P  < 0.05). Wound 
closure assay, transwell assay and three-dimensional 
culture invasion assay showed that the cell invasiveness 
was significantly less in HGK knockdown cells than in 
the control cells (P  < 0.05). The expressions of MMP-2, 
MMP-9 and NF-κB were inhibited in HepG2 cells infected 
with RV-shHGK-1. 

CONCLUSION: Down-regulation of HGK can obviously 
inhibit the migration and invasion of HepG2 cells in vitro . 
HGK may be a new therapeutic target for treatment of 
HCC. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most fatal 
cancers due to delayed diagnosis and lack of  effective 
treatment options[1]. However, little is known of  its patho-
genesis by the currently available methods[2]. Hepatocyte 
progenitor kinase-like kinase (HGK) is a member of  the 
mammalian STE20/MAPK family that is widely overex-
pressed in certain types of  human tumors, including pan-
creatic carcinoma, prostatic carcinoma, lung cancer and 
HCC[3-6]. Recent studies suggest that HGK plays an im-
portant role in cell migration and invasiveness of  prostate 
and breast cancer cells[3,5,6]. However, the role of  HGK 
overexpression in HCC has been scarcely studied. In this 
study, we constructed a retrovirus vector mediating RNAi 
targeting HGK (RV-HGK shRNA). The efficacy of  RV-
HGK shRNA vectors in interference with HGK was 
confirmed by real-time reverse transcriptase polymerase 
chain reaction (RT-PCR) and Western blotting assay. We 
observed that retrovirus mediating RNAi targeting of  
HGK (RV-shHGK)-1 suppressed invasion by markedly 
decreasing the expression of  HGK, matrix metallopro-
teinase (MMP)-2, MMP-9 and nuclear factor (NF)-κB in 
HepG2 cells, but RV-shHGK-C (control) showed no ef-
fect in HepG2 cells. Based on these results, HGK may be 
a new therapeutic target for treatment of  HCC[4,6]. 

MATERIALS AND METHODS
Cells and reagents
HCC cell line HepG2 was purchased from American Type 
Culture Collection; RNAi-Ready pSIREN-RetroQ-Zs-
Green vector, PT-67 retrovirus packaging cells and Retro-
XTM qRT-PCR titer kit from Clontech (Clontech Labo-
ratories, Palo Alto, CA); DMEM high glucose medium 
and fetal calf  serum from Hyclone (Hyclone Laboratories, 
Logan, Utah); cell lysis solution trizol reagent, liposome 
lipofectamine™ 2000 and Opti-MEM culture medium 
from Invitrogen Corporation (Carlsbad, CA, USA); RIPA 
lysis buffer and real-time RT-PCR kit from Takara Com-
pany (Takara Suzo, Kyoto, Japan); HGK and MMP-2 
polyclonal antibodies from Santa Cruz (Santa Cruz Bio-
technology, Santa Cruz, CA); NF-κB and MMP-9 poly-
clonal antibodies from Cell Signaling Technology (Beverly, 
MA); HRP-labeled goat anti-rabbit IgG from Wuhan 
Boster Company; matrigel from the BD (BD Biosciences, 
San Jose, CA); fibronectin (FN), laminin (LN) and col-
lagen Ⅳ from Sigma (St. Louis, MO); transwell chambers 
from Corning (Coming Glass Works, Corning, NY, USA); 
and Western luminescent detection kit [electrochemilu-
minescence (ECL)] from Pierce Company (Rockford, Il-
linois, USA). The DNA sequences used in this study were 
all synthesized in Jiangsu Nantong Bio-Technology Co. 
Ltd. Other chemicals were obtained in their commercially 
available highest purity grade.

Generation of recombinant retrovirus 
To target the HGK protein for down-regulation by siRNA, 
we established the RNAi-Ready pSIREN-RetroQ-ZsGreen 

vector (Clontech) of  the RNA interference retrovirus vec-
tor specific to HGK gene. The retrovirus vector contains 
a CMV-driven ZsGreen reporter, which makes it easy to 
detect the transfection efficiency, and a U6 promoter up-
stream of  the cloning restriction sites (BamHⅠ and EcolⅠ).  
Three paired insert DNA fragments according to the cod-
ing regions of  HGK (NM_145686.2), starting at 393, 985 
and 2224, were designed using software offered by Qiagen 
(Valencia, CA). Three vectors were named RV-shHGK-1, 
RV-shHGK-2 and RV-shHGK-3, respectively (Table 1). 
RNAi-Ready pSIREN-RetroQ-ZsGreen control vector 
was constructed according to the manufacturer’s instruc-
tions (Clontech), named RV-shHGK-C. All the DNA 
sequences were synthesized in a pattern as BamHⅠ-sense 
DNA-loop (TTCAAGACG)-antisense DNA-EcolⅠ. The 
most effective vector was selected to produce recombinant 
retrovirus. Recombinant retrovirus vectors were trans-
fected into PT-67 packaging cells (Clontech) by liposome 
lipofectamine™ 2000 (Invitrogen, USA). After 48 h, the 
supernatant containing the viral particles was collected, 
filtered through the 0.45 μm low protein binding syringe 
filter and the titer of  viruses was determined in 293T cells 
by real time RT-PCR (Takara). 

Recombinant retrovirus infection
HepG2 cells were cultured and plated into 6-well culture 
plates at 5 × 105 cells/well in DMEM high glucose culture 
medium with 100 mL/L fetal bovine serum (FBS) at 37℃ 
in a saturated humidified atmosphere containing 50 mL/L 
CO2. After 24 h, the cells were infected with different viral 
supernatants, respectively, at a multiplicity of  infection 
(MOI) of  4 transducing units/cell for 24 h[7].

Real-time RT-PCR 
The total cellular RNA was isolated from the collected cells 
by Trizol. The HGK mRNA copies were quantified using 
the real-time RT-PCR Kit (Takara) on a Bio-Rad iQ5 Se-
quence Detection System (Bio-Rad, Hercules, CA, USA). 
The primers of  HGK and β-actin were as follows: forward 
primer 5'-GAGCAGTGCTGAAGGCCAAAG-3', reverse 
primer 5'-ACTAAAGTCCTGTGGCGATGGAA-3' and 
forward primer 5'-CACCAACTGGGACGACAT-3', re-
verse primer 5'-ATCTGGGTCATCTTCTCGC-3'. The 
housekeeping gene β-actin was amplified to normalize the 
HGK mRNA expression. The copy numbers of  β-actin 
and HGK were determined according to each standard 
curve. Relative HGK mRNA levels were determined by 
comparing the PCR cycle thresholds between the cDNA 
of  HGK and that of  β-actin.

Western blotting assay
The cellular total proteins were extracted by RIPA Lysis 
Buffer (Takara) and 50 μg was added to each well for  
100 g/L sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis. After semi-dry electric transfer at 45 V for 1 h, 
polyvinylidine fluoride membrane was sealed with 50 g/L 
skim milk powder at room temperature (15-25℃) for 6 h,  
and incubated at 4℃ overnight with rabbit anti-human 
HGK, NF-κB, MMP-2 and MMP-9 polyclonal antibodies 
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(1:500) and mouse anti-human β-actin (1:1000) monoclonal 
antibody, respectively. After being washed, it was incubated 
at 37℃ for 2 h with second-antibody (1:1000) and colored 
by ECL. It was scanned for the relative value of  protein ex-
pression in gray scale by Image-Pro plus software 6.0.

Cell viability assays
Cell viability was measured by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2h-tetrazolium bromide (MTT) assay 
in 96-well micro-culture plates. In brief, HepG2 cells 
(1 × 104/well) were routinely cultured in DMEM with  
100 mL/L FBS for 12 h. After infection for 1, 2, 3 and 4 d,  
10 μL of  5 g/L MTT (Sigma) was added into each well 
and incubated for another 4 h. The supernatant was then 
discarded and 0.1 mL dimethyl sulfoxide was added into 
each well. After oscillated for 5 min, the absorbance of  
96-well culture plate was read by a Bio-Rad 550 Micro-
plate Reader (Hercules, CA) at a wavelength of  490 nm. 
There were two groups in this study: HepG2 cells infected 
with RV-shHGK-1 and RV-shHGK-C. Each group had 3 
parallel wells to replicate the test 3 times. A L02 cell sam-
ple of  gradiently diluted parental HepG2 cells was used to 
draw the standard curve of  cell number. 

Cell adhesion assay
HepG2 cells (5 × 104/well) infected with RV-shHGK-1, 
RV-shHGK-C and parental HepG2 cells were suspended 
and added into 96-well micro-culture plates coated with 
FN, LN, and collagen Ⅳ (3 μg/well), respectively. After 
cultured in the incubator at 37℃ for 1 h, the cells were al-
lowed to adhere, and then washed three times with PBS, 
fixed with 40 g/L formaldehyde, stained with 5 g/L crys-
tal violet in 200 mL/L methanol/water and viewed under 
microscope. The amount of  bound cells was estimated by 
reading the absorbance at a wavelength of  490 nm[8]. Trip-
licate determinations were done for each group.

Wound closure assay
The 6-well culture plates were coated with PBS containing 
10 g/L collagen Ⅳ. HepG2 cells trypsinized with 2.5 g/L 
trypsin, were recultured (5 × 105 cells/well) in DMEM 
high glucose medium containing 100 mL/L FBS for 6 h 
to get adherent monolayer growth state. The cells in 6-well 
culture plates were scratched with the tip of  200 μL pipet, 
and recultured in the incubator at 37℃ for 24 h. At the 

time points of  0, 12 and 24 h after scratched, four visions 
of  each well were photographed under microscope and 
observed for the scratch healing.

Transwell assay
The transwell chamber (Corning) containing an 8-μm 
pore size polycarbonate membrane filter was coated with 
a matrigel (Sigma) and inserted in a 24-well culture plate. 
Cells collected after infection for 48 h were adjusted to a 
density of  1 × 109 cells/L with serum-free DMEM high 
glucose culture medium. The cell suspension of  200 μL 
was added into the upper transwell chamber and 500 μL 
DMEM high glucose medium containing 200 mL/L FBS 
was added into the lower transwell chamber. After recul-
tured with 50 mL/L CO2 at 37℃ for 24 h, the transwell 
chambers were inverted and stained with hematoxylin and 
eosin. Five fields were randomly selected and the number 
of  trans-membrane cells was counted.

Three-dimensional culture invasion assay 
Matrigel 100 μL (Sigma) was dropped onto 8 mm × 8 mm  
coverslips in a 24-well culture plate. The matrigel was al-
lowed to polymerize for 30 min at room temperature. 
HepG2 cells were trypsinized and re-suspended in com-
plete medium (DMEM + 100 mL/L FBS) at 2.5 × 107 
cells/L, and 500 μL of  the cell suspension was dropped 
onto the matrigel to analyze the ability of  cell invasion. 
After 24 h incubation at 37℃, cells were observed under 
inverted microscope[5,9].

Statistical analysis
SPSS 13.0 software was used for statistical analysis, and 
t test was used in the comparison between two groups. 
One-way analysis of  variance was used for multiple com-
parisons. There was statistical significance when P value 
was less than 0.05.

RESULTS
Retrovirus mediated knockdown of HGK by RNA 
interference
Three plasmids containing shHGK (1-3) and plasmid 
shHGK-C were transfected into HepG2 cells, respective-
ly. The expression of  reporter ZsGreen in HepG2 cells 
was observed under a fluorescent microscope 48 h after 
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Table 1  Three vectors specifically interfering with hepatocyte progenitor kinase-like kinase expression and a control vector

Name Paired DNA fragment

RV-shHGK-1 5'-GGATCCTTACAGACCTTGTGAAGAATTCAAGACGTTCTTCACAAGGTCTGTAATTTTTGAATTC-3'
5'-GAATTCAAAAATTACAGACCTTGTGAAGAAGGTGTTGAATTCTTCACAAGGTCTGTAAGGATCC-3'

RV-shHGK-2 5'-GGATCCGAAGAAGAGAGGCGAGAAAATTCAAGACGTTTCTCGCCTCTCTTCTTCTTTTTGAATTC-3'
5'-GAATTCAAAAAGAAGAAGAGAGGCGAGAAACGTCTTGAATTTTCTCGCCTCTCTTCTTCGGATCC-3'

RV-shHGK-3 5'-GGATCCGAGCAATGGTGAAACGGAATTCAAGACGTTCCGTTTCACCATTGCTCTTTTTTGAATTC-3'
5'-GAATTCAAAAAGAGCAATGGTGAAACGGAACGTCTTGAATTCCGTTTCACCATTGCTCGGATCC-3'

RV-shHGK-C 5'-GGATCCGGCCAGAGGTTGAAAGTGATTCAAGACGTCACTTTCAACCTCTGGCCTTTTTGAATTC-3'
5'-GAATTCAAAAAGGCCAGAGGTTGAAAGTGACGTCTTGAATCACTTTCAACCTCTGGCCGGATCC-3'

RV-shHGK: Retrovirus mediating RNAi targeting of hepatocyte progenitor kinase-like kinase.

Han SX et al . Down-regulation of HGK in HCC cells



transfection with plasmids containing shHGK (1-3) and 
shHGK-C (Figure 1A). To evaluate the interfering effects 
of  vectors in the expression of  HGK, real-time quantita-
tive RT-PCR and Western-blotting were performed. The 
relative ratios of  HGK mRNA and protein of  the HepG2 
cells transfected with vectors were analyzed (Figure 1B). 
The results showed that vector shHGK-1 could signifi-
cantly suppress the expression of  HGK. It was the most 
effective RNA interference vector. In the following ex-
periment, vectors shHGK-1 and shHGK-C were used to 
produce retrovirus RV-shHGK-1 and RV-shHGK-C, the 
virus titers were approximately 1 × 1011 v.p./L. To evaluate 
the effect of  RV-shHGK-1 in the expression of  HGK, 
real-time quantitative RT-PCR and Western-blotting were 
performed to determine the mRNA and protein level in 
HepG2 cells infected by RV-shHGK-1 at an indicated 
MOI (MOI = 4). The HGK expression was significantly 
suppressed in cells infected with RV-shHGK-1 compared 
with RV-shHGK-C (P < 0.05, Figure 2A and B), showing 
the markedly inhibitory effect of  RV-shHGK-1 system on 
HGK expression in HepG2 cells.

Down-regulation of HGK inhibits HepG2 cell growth
To validate the HGK functions in cell growth regulation, 
cell proliferation was monitored for 4 d after HepG2 cells 
were infected with RV-shHGK-1 and RV-shHGK-C. At 
day 4, the growth of  HepG2 cells was reduced to 45% 

(Figure 3A), indicating that the suppression of  HGK ex-
pression apparently reduces the growth of  HepG2 cells.

Down-regulation of HGK inhibits HepG2 cell adhesion to 
extracellular matrix proteins
To verify the effects of  HGK expression in adhesion to 
extracellular matrix (ECM) proteins in HCC, HepG2 cells 
infected with RV-shHGK-1, RV-shHGK-C and parental 
HepG2 cells were examined by cell adhesion assay. As 
shown in Figure 3B, down-regulation of  HGK could 
inhibit HepG2 cell adhesion to FN, LN and collagen Ⅳ. 
The results indicated that HGK participated in cell adhe-
sion.

Down-regulation of HGK inhibits HepG2 cell invasion
In order to confirm whether HGK is involved in the pro-
cess of  HepG2 cell motility and invasiveness, the wound 
closure assay and transwell assay were used to determine 
the impact of  RV-shHGK-1 on HepG2 cell invasion. 
Cells infected with RV-shHGK-1 migrated more tardily 
and filled in the wound more slowly than RV-shHGK-C 
infected cells (P < 0.05, Figure 4A). Consistent with the 
data of  wound closure assay, the results of  transwell assay 
showed that the invasiveness through matrigel was signifi-
cantly decreased in RV-shHGK-1 infected HepG2 cells, 
compared with that in RV-shHGK-C infected cells (P < 
0.05, Figure 4B). 
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Figure 1  Selection of the most effective hepatocyte progenitor kinase-like kinase specific shRNA expression vector in 293T cells. A: Phase contrast and 
GFP expression under a fluorescent microscope after 48 h in 293T cells; B: Protein mRNA and hepatocyte progenitor kinase-like kinase (HGK) levels after HepG2 
cells were treated with different vectors detected by real-time reverse transcriptase polymerase chain reaction and Western boltting assay. The vector retrovirus me-
diating RNAi targeting of HGK (RV-shHGK)-1 significantly inhibited HGK expression in HepG2 cells, aP < 0.05 vs HepG2 cells and HepG2 cells transfected with RV-
shHGK-C vector. 1: 293T cells; 2: Transfection of RV-shHGK-1 vector in 293T cells; 3: Transfection of RV-shHGK-2 vector; 4: Transfection of RV-shHGK-3 vector; 5: 
Transfection of RV-shHGK-C vector (original magnification × 200).
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The effects of  HGK on tumor metastasis and inva-
sion in HCC were further examined in HepG2 cells under 
three-dimensional cell culture. As shown in Figure 4C, 
the structure patterned network of  interconnected loops 
was not found in RV-shHGK-1 infected HepG2 cells 
under three-dimensional cell culture, but present in RV-
shHGK-C infected cells. These results indicated that RV-
shHGK-1 system could dramatically suppress the aggres-
sive ability of  HepG2 cells. 

Down-regulation of HGK inhibits MMP-2, MMP-9 and 
NF-κB expression in HepG2 cells
Because MMPs and NF-κB are known to play important 
roles in HCC cell invasion and metastasis, and down-
regulation of  HGK can inhibit HepG2 cell invasion ability, 
Western blotting assay was performed to investigate wheth-
er the down-regulation of  HGK in HepG2 cells affects 
MMPs and NF-κB expression levels. The results showed 

that the expressions of  MMP-2, MMP-9 and NF-κB were 
inhibited in HepG2 cells infected with RV-shHGK-1 com-
pared with that in control cells (Figure 5A and B). 

DISCUSSION
Mitogen-activated protein (MAP) kinases are cellular reg-
ulators that play significant roles in various diverse pro-
cesses as apoptosis, differentiation, and proliferation[10-13]. 
Their activation can be mediated by many upstream ki-
nases that regulate the downstream MAP kinases[14]. Ster-
ile 20 kinases were identified in the past few years. One 
of  the protein kinase families can act upstream of  MAP 
kinases[15]. These kinases can be divided into two struc-
tural classes, the p21-activated protein kinases and the 
germinal center protein kinases[16,17]. HGK is a member 
of  the germinal center protein kinases. More recently, 
increasing data have shown that HGK can control cel-
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Figure 2  Hepatocyte progenitor kinase-like kinase expression suppressed by RV-shHGK-1 retrovirus in HepG2 cells. A: HepG2 cells infected with retrovirus me-
diating RNAi targeting of hepatocyte progenitor kinase-like kinase (RV-shHGK)-1 or RV-shHGK-C (multiplicity of infection = 4), GFP expression and the phase contrast 
images after 48 h (original magnification × 200); B: Protein and mRNA levels of hepatocyte progenitor kinase-like kinase (HGK) after HepG2 cells were treated with 
different retrovirus detected by real-time reverse transcriptase polymerase chain reaction and Western boltting assay. The retrovirus RV-shHGK-1 significantly inhib-
ited HGK expression in HepG2 cells, aP < 0.05 vs HepG2 cells and HepG2 cells infected with RV-shHGK-C retrovirus. 
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lular events ranging from cell motility, cell adhesion and 
invasion in some cancer cells, including breast cancer, 

lung cancer, pancreatic cancer and colon carcinoma[5,6,18].
Thus, the potentiality of  regulating cancer cell invasion 
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Figure 4  Down-regulation of hepatocyte progenitor kinase-like kinase inhibits HepG2 cell invasion. A: HepG2 cell invasiveness was significantly suppressed by 
retrovirus mediating RNAi targeting of hepatocyte progenitor kinase-like kinase (RV-shHGK)-1 vs RV-shHGK-C group (original magnification × 200, aP < 0.05); B: The 
blue-stained cells are those invading the ECMatrix and migrating through the polycarbonate membrane to the lower surface of the membrane (original magnification 
× 200, aP < 0.05 vs HepG2 cells infected with RV-shHGK-C); C: HepG2 cells infected with RV-shHGK-1 do not form the structure patterned network of interconnected 
loops (original magnification × 200).
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and metastasis is to control HGK expression. However, 
the effect of  HGK in HCC is unclear.

To evaluate the functional role of  HGK in HCC, knock-
down experiments were performed in HepG2 cells. Re-
cently, RNAi has been widely used to silence the expres-
sion of  many targets. In this study, three RNA interference 
retrovirus vectors targeting HGK were designed and 
synthesized, and the most effective vector was selected to 
generate the recombinant retrovirus named RV-shHGK-1. 
Meanwhile, the control retrovirus was produced and 
named RV-shHGK-C. Because the inhibitory effect of  
RNAi is related to the specificity to its target sequence, 
real-time RT-PCR and Western blotting assay were used to 
confirm the effect of  RV-shHGK-1 in HepG2 cells. The 
results showed that the expressions of  HGK mRNA and 
protein were visibly blocked, indicating that RV-shHGK-1 
can down-regulate the expression of  HGK effectively. 

Metastasis is known to be the biggest problem to on-
cologists and the main cause of  death in cancer patients[19]. 
The metastatic process involves a series of  interdepen-
dent events, including cancer cell growth, invasion and 
adhesion[20]. In this study, the effects of  RV-shHGK-1 on 
HepG2 cell growth and adhesion were investigated by 
MTT assay and cell adhesion assay. The results indicated 
that the growth and the adhesion of  HepG2 cells were in-
hibited by RV-shHGK-1. Notably, the down-regulation of  
cell adhesion and the disassembly of  basement membrane 
(BM) are the key elements of  cell metastasis[21,22]. FN, LN 
and collagen Ⅳ are known to be the major components 
of  BM[23]. In cell adhesion assay, the adhering ability to 
BM of  HepG2 cells infected with RV-shHGK-1 was 
inhibited compared with HepG2 cells infected with RV-
shHGK-C. The results revealed that HGK may correlate 
with cell adhesion. In addition, the ability of  cell invasion 
was examined by transwell assay and three-dimensional 
invasion assay. The results showed that down-regulation 
of  HGK could inhibit the invasiveness of  HepG2 cells. 
To further investigate the involvement of  HGK in cell in-
vasion, whether the down-regulation of  HGK in HepG2 
cells affects MMPs and NF-κB expression level was also 
observed by Western blotting assay. MMPs and NF-κB 
are considered to be important in cancer cell invasion by 
degrading components of  the BMs and ECM[24,25]. The ef-
fect of  HGK in regulation of  cell adhesion and invasion 
may be related to regulation of  the HGK expression. 

Overall, these observations are in agreement with re-
cent reports that examined the effects of  HGK in other 
cancer cells[5,26]. These findings have laid a foundation for 
further investigation into the manipulation of  HGK in 
the treatment of  HCC.
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Figure 5  Hepatocyte progenitor kinase-like kinase, matrix metalloprotein-
ase-2, matrix metalloproteinase-9 and nuclear factor-κB expressions in 
HepG2 cells (Western blotting). A: Retrovirus mediating RNAi targeting of he-
patocyte progenitor kinase-like kinase (RV-shHGK)-1 significantly inhibited matrix 
metalloproteinase (MMP)-2, MMP-9 and nuclear factor (NF)-κB in HepG2 cells. 
MMP-2 protein expression in each group (Western blotting); B: Densitometric 
analysis hepatocyte progenitor kinase-like kinase (HGK), MMP-2, MMP-9 and NF-
κB protein expression in HepG2 cells infected with RV-shHGK-1 or RV-shHGK-C, 
respectively. aP < 0.05 vs HepG2 cells infected with RV-shHGK-C.
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and investigated the effect on cell proliferation, migration and invasion in vitro. 
The results have shown that decreasing the expression of HGK inhibited cel-
lular proliferation, invasiveness and migratory capability using different assay 
systems. Expression of matrix metalloproteinase (MMP)-2, MMP-9 and nuclear 
factor-κB were decreased with HGK knocked-down. All the experiments were 
well conducted and controlled. The conclusions made are valid.
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