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PTK6 promotes hepatocellular carcinoma  
cell proliferation and invasion
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Abstract: Protein tyrosine kinase 6 (PTK6) is a nonreceptor tyrosine kinase that plays a crucial role in some tumors. 
However, the role of PTK6 is still unknown in hepatocellular carcinoma (HCC). In this study, we demonstrated that 
the PTK6 expression was upregulated in HCC tissues compared with adjacent normal tissues. Moreover, PTK6 was 
upregulated in the HCC cell lines (Bel7402, Hep3B, SMMC7721 and HepG2) compared with the normal liver epi-
thelial cell line (THLE3). Ectopic expression of PTK6 promoted SMMC7721 cell proliferation, colony formation and 
invasion. Moreover, inhibition PTK6 expression suppressed the SMMC7721 cell proliferation, colony formation and 
invasion. Overexpression of PTK6 suppressed ERK1/2 phosphorylated expression. These data suggested that PTK6 
played an oncogene role in the development of HCC.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the 
third most common cause for cancer-related 
death worldwide [1-4]. Numerous therapeutic 
approaches including early detection, surgery 
and chemotherapy have been made; how-ever, 
the 5-year survival rate is still about 30% [5- 
9]. Although a lot of epigenetic and genetic 
changes have been found in HCC, the detailed 
molecular pathogenesis about HCC is still not 
fully elucidated [10-13]. Therefore, it is critical 
to identify novel diagnosis and therapeutic tar-
gets for HCC.

Protein tyrosine kinase 6 (PTK6) (also named 
as breast tumor kinase) is first found in the 
metastatic breast tumor patient and human 
melanocytes [14, 15]. Increasing studies have 
demonstrated that PTK6 expression was up- 
regulated in many tumors such as breast can-
cer, non-small cell lung cancer and prostate 
cancer [16-19]. PTK6 played an oncogene role 
in tumor development and PTK6 promoted 
tumor cell proliferation, invasion and migration 
[20, 21]. Previous studies also showed that 
PTK6 interacted with ErbB members such as 
ErbR2, EGFR, ErbR4 and ErbR3 and promoted 

ERK1/2 activation [21-24]. However, the expre- 
ssion and role of PTK6 are still unknown. 

In this study, we demonstrated that PTK6 ex- 
pression was higher in HCC tissues than in 
adjacent normal tissues. Ectopic expression of 
PTK6 promoted the SMMC7721 cell prolifera-
tion, colony formation and invasion.

Materials and methods

Patients and tissue samples

Patient samples were collected at our depart-
ment following written patient consent. This 
study was approved by the ethics committee of 
the Fourth Affiliatted Hospital of Harbin Medical 
University. Tissues from HCC and adjacent nor-
mal tissues were collected from HCC patients 
during surgery. None of these patients were 
received radiation therapy or chemotherapy 
before surgery.

Cell culture and transfection

One normal liver epithelial cell line (THLE3) and 
four HCC cell lines (Bel7402, Hep3B, SMM- 
C7721 and HepG2) were purchased from ATCC 
(American Type Culture Collection, Mannasas, 
USA) and kept in DMEM (Dulbecco’s modified 
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Eagle’s medium) (Invitrogen, Carlsbad, USA) 
supplemented with 10% FBS (fetal bovine se- 
rum) (Invitrogen, USA). PTK6 siRNA and con- 
trol siRNA were purchased from Genephar- 
ma (Shanghai, China). Cell tranfection was  
performed using LipofectamineTM 2000 (Invi- 

Western blot analysis

Protein was extracted from cells or tissues 
using RIPA lysis buffer. Total protein was sepa-
rated using 12% SDS-PAGE and transferred to 
the PVDF membranes membrane (Millipore, 

Figure 1. The expression of PTK6 was upregulated in Hepatocellular carcinoma (HCC) tissues. A. qRT-PCR analysis 
was performed to measure the expression of PTK6 in the HCC tissues and adjacent normal tissues. B. The in-
creased PTK6 expression in HCC tissues was found in 24 of the 35 cases. C. The protein expression of PTK6 was 
detected in the HCC tissues and adjacent normal tissues using western blot.

Figure 2. PTK6 expression was also upregulated in HCC cells lines. A. 
The mRNA expression of PTK6 in the HCC cell lines (Bel7402, Hep3B, 
SMMC7721 and HepG2) and the normal liver epithelial cell line (THLE3) was 
measured using qRT-PCR. B. The protein expression of PTK6 in the HCC cell 
lines (Bel7402, Hep3B, SMMC7721 and HepG2) and THLE3 was measured 
using western blot.

trogen, USA) according to the 
instruction.

Cell proliferation and colony 
formation

Cells were cultured in the 
96-well plates after transfec-
tion. The MTT analysis was 
performed to determine cell 
proliferation. The absorbance 
at 490 nm was detected using 
the microtiter plate reader 
(Bio-Rad, CA). 5 × 103 cells 
were cultured in the 6 well 
plates for two weeks. The col-
onies were fixed and stained 
with crystal violet (Sigma, 
USA) and counted.
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Germany). The membrane was blocked with 
non-fat dried milk and then incubated with pri-
mary antibodies: PTK6, and GAPDH (Abcam, 
USA). Proteins were measured using enhanced 
chemiluminescence (PerkinElmer).

Quantitative reverse transcriptase PCR (qRT-
PCR) analysis

Total RNA was collected from cells or tissues by 
TRIzol (Invitrogen, USA) following to the instru- 
ction. qRT-PCR assay was performed to mea-
sure the PTK6 and GAPDH expression. GAPDH 
was used as internal control. The special prim-
ers were used follows: PTK6 forward, 5’-GCT- 
ATGTGCCCCACAACTACC-3’ and reverse, 5’-CC- 
TGCAGAGCGTGAACTCC-3’; GAPDH forward, 5’- 

TCAACGACCACTTTGTCAAGCTCAGCT-3’ and re- 
verse, 5’-GGTGGTCCAGGGGTCTTAC-3’.

Migration and invasion assays

Wound healing assay was performed to de- 
tect the cell migration. The cells were cutured  
in the six-well plates and a wound was gener-
ated using a pipette tip. Cells were cultured for 
48 hours and woud was photographed under 
the microscope (Olympus, Japan). Transwell as- 
say was conducted to determine the cell in- 
vasion. Cells resuspended in no-serum medi-
um and were cultured on the upper surface 
chamber coated with Matrigel. FBS medium 
was put to the lower filter. After 24 hours, the 
cells attached to lower chamber were counted.

Figure 3. Ecpotic expression of PTK6 promoted HCC cell proliferation, colony formation and invasion. A. The mRNA 
expression of PTK6 in the SMMC7721 cell was determined by qRT-PCR. B. The protein expression of PTK6 in the 
SMMC7721 cell was measured by western blot. C. CCK8 analysis was performed to measure the cell proliferation. 
D. Ecpotic expression of PTK6 promoted SMMC7721 cell colony formation. The relative colony number was shown 
in the right. E. Ecpotic expression of PTK6 promoted SMMC7721 cell invasion. The relative invasive cell number was 
shown in the right. *p<0.05, **p<0.01 and ***p<0.001.
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Statistical analysis

Statistical analyses were done using the SPSS 
software and data was shown as mean ± (SD) 
standard deviation. Statistical difference about 
two groups was calculated using an student’s 
t-test and differences between more than 
groups. P≤0.05 was considered to statistically 
significant difference. 

Result

PTK6 expression was upregulated in 
Hepatocellular carcinoma (HCC) tissues

Our data showed that the expression level of 
PTK6 was higher in the HCC tissues than in 
these adjacent normal tissues (Figure 1A). In 
addition, increased PTK6 expression in HCC  
tissues was found in 24 of the 35 cases (Fig- 
ure 1B). In addition, we observed that the pro-
tein expression of PTK6 was upregulated in  
the HCC tissues compared with adjacent nor-
mal tissues (Figure 1C). 

PTK6 expression was upregulated in HCC cells 
lines

The mRNA expression of PTK6 was upregu- 
lated in HCC cell lines (Bel7402, Hep3B, SM- 
MC7721 and HepG2) compared with the nor- 
mal liver epithelial cell line (THLE3) (Figure 2A). 
The PTK6 protein expression was also upre- 
guated in HCC cell lines (Bel7402, Hep3B, SM- 
MC7721 and HepG2) compared with the nor-
mal liver epithelial cell line (THLE3) (Figure 2B).

Ectopic expression of PTK6 promoted HCC cell 
proliferation, colony formation and invasion

The PTK6 expression was upregulated in the 
SMMC7721 cell after transfected with pcDNA-
PTK6 (Figure 3A and 3B). CCK8 analysis de- 
monstrated that overexpression of PTK6 pro-
moted SMMC7721 cell proliferation (Figure 
3C). Ectopic expression of PTK6 promoted 
SMMC7721 cell colony formation (Figure 3D). 
Overexpression of PTK6 increased SMMC7721 
cell invasion (Figure 3E).

Inhibition expression of PTK6 suppressed HCC 
cell proliferation, colony formation and inva-
sion

We measured the effect of PTK6 inhibition  
on proliferation, colony formation and invasion. 

PTK6 expression was downregulated in the 
SMMC7721 cell after transfected with si-PTK6 
(Figure 4A and 4B). CCK8 analysis demon- 
strated that inhibition of PTK6 suppressed 
SMMC7721 cell proliferation (Figure 4C). Inhi- 
bited expression of PTK6 decreased SMMC- 
7721 cell colony formation (Figure 4D). Sup- 
pression of PTK6 decreased SMMC7721 cell 
invasion (Figure 4E).

Ectopic expression of PTK6 inhibited the 
ERK1/2 phosphorylated

Overexpression of PTK6 suppressed the ER- 
K1/2 phosphorylated expression in the SM- 
MC7721 cell (Figure 5A). Inhibited express- 
ion of PTK6 reduced the ERK1/2 phosphory-
lated expression in SMMC7721 cell (Figure 
5B).

Discussion

In this study, we showed that PTK6 expression 
was upregulated in HCC tissues compared 
with in these adjacent normal tissues. In ad- 
dition, increased PTK6 expression in HCC tis-
sues was found in 24 of the 35 cases. More- 
over, the expression level of PTK6 was in- 
creased in HCC cell lines (Bel7402, Hep3B, 
SMMC7721 and HepG2) compared with the 
normal liver epithelial cell line (THLE3). Ectopic 
expression of PTK6 promoted SMMC7721 cell 
proliferation, colony formation and invasion. In- 
hibition of PTK6 suppressed the SMMC7721 
cell proliferation, colony formation and inva-
sion. Overexpression of PTK6 suppressed the 
ERK1/2 phosphorylated expression. These 
data suggested that PTK6 played an oncogene 
role in the development of HCC.

Previous studies showed that PTK6 express- 
ion was upregulated in the prostate cancer, 
breast cancer, and ovarian tumor [20, 25, 26]. 
For example, Zheng et al [20]. showed that 
PTK6 overexpression enhanced prostate can-
cer cell EMT (epithelial-mesenchymal transi-
tion) partly through enhancing AKT expression 
and promoted the cell metastases and migra-
tion in vivo. Irie et al [25]. demonstrated that 
PTK6 expression was upregulated in the Her2+ 
breast cancer and grade ER+, Luminal B can-
cers. Downregulation of PTK6 induced ovarian 
and breast cancer cell apoptosis. Zhao et al 
[19]. showed that PTK6 expression level was 
higher expression in non-small cell lung cancer 
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(NSCLC) than in normal pulmonary tissues. 
Higher PTK6 expression was correlated with 

shorter OS (overall survival) time. Higher ex- 
pression of PTK6 was a potential independ- 
ent prognostic factor for patients with NSCLC. 
However, Liu et al [27] found that the expres-
sion level of PTK6 was lower in laryngeal squa-
mous cell carcinoma (LSCC) tissues than in the 
adjacent non-tumor tissues. In our study, we 
found that PTK6 expression was upregulated  
in the HCC tissues compared with these ad- 
jacent normal tissues. In addition, increased 
PTK6 expression in HCC tissues was found in 
24 of the 35 cases. Moreover, the expression 
level of PTK6 was also increased in HCC cell 
lines compared to the normal liver epithelial 
cell line. Overexpression of PTK6 promoted 
SMMC7721 cell proliferation, colony formation 
and invasion. Inhibited PTK6 expression sup-

Figure 4. Inhibition expression of PTK6 suppressed HCC cell proliferation, colony formation and invasion. A. The 
mRNA expression of PTK6 in the SMMC7721 cell was determined by qRT-PCR. B. The protein expression of PTK6 
in the SMMC7721 cell was measured by western blot. C. Inhibition of PTK6 expression suppressed the SMMC7721 
cell proliferation. D. Inhibition expression of PTK6 suppressed SMMC7721 cell colony formation. The relative colony 
number was shown in the right. E. Suppression of PTK6 expression inhibited SMMC7721 cell invasion. The relative 
invasive cell number was shown in the right. *p<0.05, **p<0.01 and ***p<0.001.

Figure 5. Ecpotic expression of PTK6 inhibited the 
ERK1/2 phosphorylated. A. The protein expression 
of ERK1/2 and p-ERK1/2 in the SMMC7721 cell was 
determined by western blot. B. Inhibition expression 
of PTK6 inhibited the ERK1/2 phosphorylated ex-
pression in the SMMC7721 cell.
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pressed SMMC7721 cell proliferation, colony 
formation and invasion. To our knowledge, this 
was the first report investigating the expression 
and the function of PTK6 in HCC.

Many downstream effector genes such as ErbB 
family members (ErbR2, EGFR, ErbR3, and 
ErbR4) and ERK1/2 have been proved to be 
associated with PTK6 [25, 28-30]. PTK6 can 
activate the STAT and PI3k/Akt pathway [21, 
31-33]. In addition, more signaling molecules 
including p190RhoGAP, paxillin and KAP3A 
also were found in many human tumor cells 
[34-36]. In our study, we demonstrated that 
overexpression of PTK6 activated the ERK1/2 
phosphorylated and inhibition expression of 
PTK6 inhibited the ERK1/2 phosphorylated in 
the SMMC7721 cell. ERK1/2 is a member of 
the MAPK (mitogen-activated protein kinase) 
family and plays a regulatory role in cellular pro-
liferation, invasion and migration in many can-
cers including HCC. 

In conclusion, we demonstrated that PTK6 
expression was upregulated in HCC tissues and 
cell lines. Ectopic expression of PTK6 promoted 
SMMC7721 cell proliferation, colony formation 
and invasion. Overexpression of PTK6 sup-
pressed the ERK1/2 phosphorylated expres-
sion in the SMMC7721 cell. These data sug-
gested that PTK6 played an oncogene role in 
the development of HCC.
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