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Abstract: PFTK1, as a Cdc-related serine/threonine protein kinase, is a crucial regulator of cyclins and cell cycle.
However, the role of PFTK1 in non-small cell lung cancer (NSCLC) remains elusive. In the present study, Western
blot and immunohistochemistry (IHC) assays demonstrated that PFTK1 was up-regulated in lung cancer tissues and
cell lines. In addition, IHC analysis revealed that PFTK1 expression was associated with histological differentiation,
lymph node status, TNM stage and predicted poor prognosis of NSCLC. In vitro studies using serum starvation-
refeeding experiment and PFTK1 overexpression assay demonstrated that PFTK1 expression promoted prolifera-
tion of NSCLC cells, while PFTK1 knockdown assay showed that PFTK1 knockdown led to decreased cell growth
rate. Besides, the transcription activity of Wnt/B-catenin pathway was enhanced when PFTK1 was overexpressed.

Our finding supported that up-regulated PFTK1 might promote the progression of NSCLC via activating the Wnt/[3-

catenin signaling pathway.

Keywords: PFTK1, NSCLC, proliferation, Wnt

Introduction

Lung cancer is the leading cause of cancer-
related death in developed countries [7] and is
becoming a common malignancy in developing
countries because of air pollution and a high
cigarette smoking ratio, such as in China. Non-
small cell lung cancer (NSCLC) is the most com-
mon type of lung cancer, accounting for approx-
imately 80% of all lung cancer occurrences [2].
Despite advances in early detection and stan-
dard treatment, the 5-year survival rate of
patients suffering from NSCLC is merely 15%,
which largely due to the fact that most of them
are diagnosed at advanced stage [3]. Complete
understanding of the molecular mechanism of
NSCLC will contribute to the development of
diagnostic technologies and new treatment
methods.

PFTK1 is a member of Cdc2-related serine/
threonine protein kinases, also named as
PFTAIREZ, which share a highly conserved motif
PSTAIRE and are crucial regulators of cyclins
and cell cycle [33]. The gene of PFTAIREL is
located at human chromosome 7g21.13, which
is highly expressed in the brain, pancreas, kid-
ney, heart, testis, and ovary and minimally
expressed in the spleen and thymus. The func-
tion of PFTK1 was recently reported as a cyclin-
dependent kinase (CDK), regulating cell cycle
progression and cell proliferation by specifically
interacting with members of cyclin proteins
such as cyclin D3 (CCND3) and cyclin Y (CCNY)
[14]. CCNY played an important role in Droso-
phila embryogenesis [15] and was associated
with human NSCLC proliferation and tumorigen-
esis [34]. The interaction between PFTK1 and
CCNY was reported to corporately mediate
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Table 1. Relationship between PFTK1 expression
and clinicopathological factors in 140 lung adeno-

carcinoma patients

PFTK1
Parameters Total _expression P
Low High
Age (year) 0.197
<60 61 32 29
> 60 79 50 29
Gender 0.13
Male 69 36 33
Female 71 46 25
Tumor size (cm) 0.106
<3 62 41 21
>3 78 41 37
Smoking status 0.069
Yes 20 8 12
No 120 74 46
Histological differentiation 0.025*
Poor 17 6 11
Mod 94 54 40
Well 29 22 7
Lymph node status 0.001*
0 8 63 23
>0 54 19 35
TNM stage 0.004*
I 92 64 28
Il 30 12 18
I 15 5 10
v 3 1 2
Ki67 expression 0.001*
Low 81 65 16
High 59 17 42

Note: Statistical analyses were performed by the Pearson x?
test. *P < 0.05 was considered significant.

phosphorylation of low density lipoprotein
receptor-related protein 6 (LRP6) in Drosophila
[6]. It was well known that phosphorylation of
transmembrane receptor LRP6 represented an
initial step of the canonical Wnt signaling cas-
cade [4, 31, 35]. It was reported that PFTK1-
CCNY complex activated non-canonical Wnt
signaling in hepatocellular carcinoma [26] and
PFTK1 played an oncogenic role in promoting
the cellular invasion and motility of HCC cells
[20]. In addition, PFTK1 promoted tumor cell
proliferation, migration and invasion in breast
cancer [9]. However, whether PFTK1 affecting
the progression of NSCLC remained unclear.
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The Wnt pathway functions in multiple cellular
biological processes and is involved in various
human diseases including cancer [4]. The Wnt
signaling is divided into two branches: the
canonical B-catenin-dependent pathway and
the non-canonical planar cell polarity (PCP)
and Wnt/Ca?* pathway [16]. The Wnt/B-catenin
pathway is activated when a Wnt ligand binds
to Frizzled (Fz) receptor and its co-receptor
LRP6/5. The formation of Wnt-Fz-LRP6 com-
plex, together with the recruitment of the scaf-
folding protein dishevelled (Dvl), results in LRP6
phosphorylation and activation and the recruit-
ment of the Axin complex to the receptors [18].
Accumulated B-catenin in the cytoplasm travels
to the nucleus and forms complexes with T cell
factor/lymphoid enhancer factor (TCF/LEF),
and activates the Wnt target genes including
cyclin D1 and c-myc, which results in tumori-
genesis [10, 28].

In this study, we found that the expression of
PFTK1 was significantly increased in NSCLC
cells and surgical tissues by assays of western
blotting. We also investigated the association
of PFTK1 with clinical and pathological par-
ameters. In addition, PFTK1 expression was
changed by small interference RNA to explore
its role in the progression of NSCLC cells.
Meanwhile, we also detected the role of PFTK1
in the activation of Wnt/B-catenin signaling
pathway and its related protein expression,
such as B-catenin, c-myc and cyclin D1. There-
fore, we hypothesized that PFTK1 could pro-
mote the progression of NSCLC cell and would
be a potential treatment target of NSCLC.

Materials and methods
Lung cancer tissue specimens and cell lines

Eight pairs of lung cancers and adjacent normal
fresh tissues stored at -80°C until were ana-
lyzed by Western blot. Then 140 lung adenocar-
cinoma tissue specimens were obtained from
the Department of Pathology, Affiliated Hospital
of Nantong University from 2003 to 2008, and
clinicopathologic data of these specimens was
shown in Table 1. Every patient was asked to
participate in the study, and the removed tis-
sues for research purposes were obtained from
the Ethics Committee of Nantong University
Cancer Hospital. No patient was treated with
chemotherapy or radiotherapy. The lung cancer
cell lines A549, H1299 and SPCA1l were
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obtained from the Institute of Cell Biology,
Academic of China (Shanghai, China).

Western blot analysis and antibodies

Western blot assay was performed as previ-
ously described [17]. Tissue and cell protein
were homogenized in a homogenization buffer
containing 50 mM Tris-HCL, pH 7.5, 150 mM
NaCl, 1% NP-40, 5 mM EDTA, 60 mM
B-glycerophosphate, 0.1 mM sodium orthovan-
adate, 0.1 mM NaF, and complete protease
inhibitor cocktail (Roche Diagnostic), and then
placed on the ice for 0.5 h after being fully
homogenized. Then the sample was centri-
fuged at 13,000 r for 15 min to collect the
supernatant. Protein concentrations were mea-
sured with a Bio-Rad protein assay (Bio-Rad,
Hercules, CA). The supernatant diluted in 2 x
SDS loading buffer and boiled for 15 min.
Proteins were separated with SDS-PAGE (sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis) and then transferred to polyvinyli-
denedifluoride filter (PVDF) membranes (Milli-
pore, Bedford, MA). The membranes were
blocked with phosphate-buffered saline (PBS)
containing 0.1% Tween 20 and 5% non-fat milk
for 2 h and then were washed with phosphate-
buffered saline (PBS) containing 0.1% Tween
20 (PBST) for three times. Then the membranes
were incubated with the primary antibodies
overnight at 4°C. The next day, the membrane
was washed with PBST and then incubated with
the secondary antibodies. Immunoreactive
bands were visualized by Odyssey Infrared
Image. The band density was measured with a
computer imaging system (Imaging Technology,
Ontario, Canada). And the densities of bands
were compared using ImageJ (NIH).

The antibodies used for Western blot analysis
were listed below: anti-PFTK1 (1:500, Santa
Cruz Biotechnology), anti-PCNA (1:500, Santa
Cruz Biotechnology), anti-cyclinA (1:500, Santa
Cruz Biotechnology), anti-CDK2 (1:500, Santa
Cruz Biotechnology), anti-B-catenin (1:500,
Santa Cruz Biotechnology), anti-cyclin D1
(1:500, Santa Cruz Biotechnology), anti-c-myc
(1:500, Santa Cruz Biotechnology), and anti-
GAPDH (1:3000, Santa Cruz Biotechnology).

Immunohistochemistry (IHC) and statistical
analysis

The procedures were carried out similarly to

previously described methods [9]. The antibod-
ies used for immunohistochemical staining
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were as follows: anti-PFTK1 (1:100, Santa Cruz
Biotechnology) and anti-Ki-67 (1:100, Santa
Cruz Biotechnology). For assessment of PFTK1
and Ki-67, five high-power fields in each speci-
men were selected randomly, and then cyto-
plasm and nuclear staining were examined. The
degree of immunostaining was viewed and
scored separately by 2 independent investiga-
tors without knowledge of clinicopathologic
data in a blind manner. Tumor cell proportion
was scored as follows: O (no positive tumor
cells); 1 (< 10% positive tumor cells); 2 (10-35%
positive tumor cells); 3 (35-70% positive tu-
mor cells) and 4 (> 70% positive tumor cells).
Staining intensity was graded according to the
following criteria: O (no staining); 1 (weak stain-
ing = light yellow); 2 (moderate staining = yellow
brown) and 3 (strong staining = brown). Staining
index (Sl) was calculated as the product of
staining intensity score and the proportion of
positive tumor cells.Sl score > 6 was used to
define tumors with the high expression of
PFTK1, and an Sl score < 4 was used to indi-
cate the low expression of PFTK1.

The SPSS18.0 statistical program was used for
statistical analysis. The Chi-square test was
performed to evaluate the relationship bet-
ween PFTK1 expression and clinicopathologi-
cal parameters in lung adenocarcinoma sam-
ples. For analysis of survival data, Kaplan-
Meier curves were constructed, and the log-
rank test was performed. Multivariate analysis
was performed by Cox’s proportional hazards
model, and the risk ratio and its 95%. All results
represented three replications at least, and a P
value < 0.05 was considered statistically sig-
nificant. All data were represented as mean +
SEM [13].

Cell culture

The NSCLC cell lines (A549, H1299, SPCA1)
were cultured in were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (GibCo BRL,
Grand Island, NY) with 10% heat-inactivated
fetal bovine serum (FBS) supplemented with 2
mM L-glutamine and 100 U/mL penicillin-strep-
tomycin mixture (GibCo BRL) at 37°C and 5%
CO2. The medium was replaced 24 h later with
fresh medium for transfection.

Plasmids and shRNA

Expression vectors for PFTK1 contain a full-
length PFTK1 cDNA cloned into FLAG-CMV
plasmid (Gene Chem Technology). The shRNA-
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Figure 1. The expression of PFTK1 was upregulated in NSCLC tissues and cell lines. A. The protein level of PFTK1
in eight paired lung tumors (T) and their matched normal tissues (N) were detected by Western blot analysis. B. The
bar chart demonstrated the ratio of PFTK1 to GAPDH by densitometry. The data were mean + SEM (*P < 0.05, com-
pared with adjacent normal tissues) of three independent experiments. C. PFTK1 protein in the different NSCLC cell
lines was analyzed by Western blot analysis. GAPDH was used as a loading control. D. The bar chart demonstrated
the ratio of PFTK1 to GAPDH by densitometry. The data were mean + SEM of three independent experiments.

targeting PFTK1 sequence was: 5-ACCCATAC-
AGGAAATCC AA-3. PFTK1 plasmids or shRNA
were transfected into H1299 cells mediated
by Lipofectamine 2000 transfection reagent
(Invitrogen) according to the manufacture’s pro-
tocol. Cells were harvested for Western blot,
CCK8 and flow cytometry assays in 48 h after
transfection.

Cell proliferation assay

Cell Counting Kit (CCK)-8 was used to detect
cell proliferation. Briefly, cells were seeded into
96-well cell culture cluster plates (Corning, Inc.,
Corning, NY) at a concentration of 2 x 10*
cells/well transfected with plasmids or shRNA
for 48 h and then grown overnight. CCK-8
reagents (Dojindo, Kumamoto, Japan) were
added to each well under different treatments,
incubated for an additional 2 h at 37°C, and the
absorbency was measured at a wavelength of
490 nm by an automated plate reader. All the
data were obtained from three independent
experiments.
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Flow cytometric analysis

Cell cycle distribution was determined by flow
cytometric analysis. Cells were prepared into a
single-cell suspension. Cells were fixed in 70%
ethanol over night at 4°C, and then incubated
with 1 mg/ml RNase A for 30 min at 37°C.
Subsequently, cells were stained with 50 mg/
ml propidium iodide (PI) in PBS and were ana-
lyzed by a FAC Scan flow cytometer (Becton
Dickinson, Lincoln Park, NJ, USA). The results
were obtained from three independent experi-
ments.

Real-time PCR analysis

Real-time PCR was performed using the Light
Cycler 480 system with a 96-well plate. The
primers used for real-time PCR were as follow:
DKK1, 5-CCGAGGAGAAATTGAGGAAAC-3’; 5'-
TCTTGGACCAGAGTGTCTAGC-3’; Axin2, 5-GGC-
CAGTGAGTTGGTTGTCAC-3’ and 5-CCTTCATAC-
ATCGGGAGCACC-3’; B-actin, 5-AGGCCAACCGC-
GAGAAGAT-3" and 5-TCACCGGAGTCCATCACGA-
3.
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Figure 2. Immunohistochemical examined the expression of PFTK1
and Ki-67 in paraffin-embedded lung adenocarcinoma tissues. A,
D. The immuoreactivity of PFTK1 and Ki-67 was low in grade | tis-
sues. B, E. The immuoreactivity of PFTK1 and Ki-67 was moderate
in grade Il tissues. C, F. The immuoreactivity of PFTK1 and Ki-67 was
high in grade lll tissues (x400).

Table 2. Contribution of various potential prognostic factors
to survival by Cox regression analysis in 140 specimens

Hazard 95.0% Confidence

ratio interval P
Age 1496. 0.896-2.499 0.123
Gender 0.538 0.307-0.944 0.31
Smoking status 2.499 1.257-4.968 0.19
Tumor size 1.138 0.645-2.006 0.656
Histological differentiation 0.773 0.469-1.272 0.311
Lymph node status 1.040 0.594-1.818 0.892
TNM stage 1.451 1.071-1.967 0.016*
PFTK1 expression 2.707 1.478-4.957 0.001*

Ki-67 expression 55.383 16.732-183.316 < 0.001*

Note: Statistical analyses were performed by the Cox regression analysis.
*P < 0.05 was considered significant.

Western blot revealed that the pro-
tein expression of PFTK1 in lung can-
cer tissues was higher than the adja-
cent normal tissues (Figure 1A). The
bar chart demonstrated the ratio of
PFTK1 protein expression to GAPDH
for the above by densitometry (Figure
1B). Moreover, we also investigated
the protein expression of PFTK1 in
NSCLC cell lines including A549,
H1299 and SPCA1 by Western blot
analysis (Figure 1C, 1D). We found
that the protein level of PFTK1 in
H1299 cell line was higher than the
other NSCLC cell lines. These findings
showed that the expression of PFTK1
was up-regulated in NSCLC tissues
and cells.

Immunohistochemical analysis of
PFTK1 expression in NSCLC clinical
samples and its relationship to clini-
copathological parameters

To confirm the expression of PFTK1 in
NSCLC, we investigated the expres-
sion of PFTK1 on 140 samples from
patients with lung adenocarcinoma
by using IHC. Representative exam-
ples of reactivity for PFTK1 and Ki-
67 were shown in Figure 2. PFTK1
was expressed mainly in cytoplasm,
whereas Ki-67 was located in the
nucleus (Figure 2).

The clinicopathological data of pati-
ents were summarized in Table 1. We
evaluated the relationship between
PFTK1 and Ki-67 expression with
clinicopathological variables. For sta-
tistical analysis, the expression of
PFTK1 in the carcinoma specimens
were divided into 2 groups, namely,
high and low expressions, according
to the percentage of PFTK1-positive

Results

Expression of PFTK1 was up-regulated in
NSCLC tissues and cell lines

To explore the relationship between PFTK1 and
NSCLC, we first examined the expression of
PFTK1 in eight paired human lung cancer tis-
sues and non-tumor adjacent normal tissues.
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cells and the intensity of PFTK1 cytoplasm
staining. The results showed that PFTK1
expression was significantly associated with
histological differentiation (P=0.025), lymph
node status (P=0.001), TNM stage (P=0.004)
and Ki-67 (P=0.001), but there was no correla-
tion between PFTK1 expression and other
prognostic factors such as age, gender, tumor
size and smoking status.

Int J Clin Exp Pathol 2016;9(12):12228-12239
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PFTK1 might promote cell
proliferation and cell cycle
progression in NSCLC cells.
To verify that PFTK1 was
involved in cell cycle, we
constructed the serum star-
vation and releasing experi-
ment (Figure 4). Flow cytom-
etry showed that H1299
cells were mainly blocked at
GO/G1 phase after serum
starvation for 72 h. Then we
added serum to medium
founding cell released from
G1 phase and entered the
S phase (Figure 4A). We
detected the expression of
PFTK1 of H1299 cells in
— serum starvation and rele-
asing experiment by using
Western blot analysis. We
found that the PFTK1 ex-

40.00
Time (month)

T
20.00

Figure 3. Kaplan-Meier survival analysis indicated that patients with the group
of high expression of PFTK1 hand significantly shorter overall survival than the

group of low expression of PFTK1.

PFTK1 was significantly associated with the
survival of NSCLC patients

Survival analysis was restricted to 140 patients
with follow-up data until death. After all vari-
ables were compared separately with survival
status, we found that TNM stage (P=0.016),
PFTK1 expression (P=0.001) and Ki-67 expres-
sion (P < 0.001) significantly influenced survival
(Table 2). Kaplan-Meier analysis was performed
to further investigate the prognostic signifi-
cance of PFTK1 in NSCLC. The result revealed
that high expression of PFTK1 was significantly
associated with poor overall survival rate in
NSCLC (P < 0.001; Figure 3). These suggested
that PFTK1 might be an independent prognos-
tic factor for overall survival of patients with
NSCLC.

PFTK1 expression promoted proliferation of
NSCLC cells

Previous study suggested that PFTK1 acted as

a cyclin-dependent kinase (CDK) that regulated
cell cycle progression and cell proliferation
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pression was upregulatedu-
pon serum addition (Fig-
ure 4B, 4C). Meanwhile, the
expression of cyclin A and
CDK2 were also up-regulat-
ed, which had been used as
general markers of dividing
cells (Figure 4B, 4C). These results indicated
that PFTK1 might have an impact on the prolif-
eration of NSCLC cells.

T
60.00

PFTK1 knockdown inhibited proliferation of
NSCLC cells

To further study the potential effects of PFTK1
on NSCLC cell proliferation, we used a small
interference RNA (siRNA) to knockdown the
expression of PFTK1 in H1299 cells. PFTK1-
siRNA and control-siRNA vectors were stably
transfected into the H1299 cells. The efficiency
of PFTK1 silencing was detected by Western
blot analysis (Figure 5A, 5B). As well, the com-
mon proliferation maker PCNA [8] and the key
cell cycle regulator cyclinA [27] were detected
by Western blot analysis. The result indicated
that the expression of PCNA and cyclin A were
decreased in PFTK1-siRNA, compared with
control-siRNA (Figure 5A, 5B). Furthermore,
flow cytometry analyses of cell cycle distribu-
tion revealed that the number of cells at GO/G1
in PFTK1-siRNA increased from 53.43% to
60.91%, with a concomitant decrease at S
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Figure 4. Expression of PFTK1 and cell-cycle related
molecules in proliferating H1299 cells. A. The H1299
cells synchronized at G1 progressed into cell cycle
when serum was added for O, 4. 8, 12, 24, 36 h.
Data were mean + SEM of three independent experi-
ments. *, #P < 0.05, compared with control cells se-
rum staved for 72 h (72 h). B. Cell lysates were pre-
pared and analyzed by Western blot using antibodies
against PFTK1, cyclin A, CDK2 and GAPDH (loading
control). C. The bar chart demonstrated the ratio of
PFTK1/cyclin A/CDK2 to GAPDH by densitometry.
The data were represented as means + SEM of three
independent experiments. *, #, *P < 0.05, compared
with control cells serum staved for 72 h (72 h). S,
serum starvation; R, serum release; SEM, standard
error of the mean.

phase from 32.67% to 19.20%, compared with
control-siRNA (Figure 5C). We used CCK-8 to
test the proliferation of NSCLC cells. The prolif-
eration was dramatically inhibited in PFTK1-
siRNA, compared with control-siRNA (Figure
5D).
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Overexpression of PFTK1 promoted cell prolif-
eration in NSCLC cell line

Based on the above data, we hypothesized that
whether overexpression of PFTK1 could pro-
mote NSCLC cell proliferation. The H1299 cell
line was transfected with Flag-PFTK1 (Figure
6A). Consistent with the increased expression
of PFTK1, the expression of PCNA and cyclin
was increased in Flag-PFTK1 transfected group
compared with control one (Figure 6A, 6B).
Flow cytometry analysis revealed that overex-
pression of PFTK1 promoted the transition of
cell cycle phase from GO/G1 to S (Figure 6C).
Furthermore, cell vitality was determined by
CCK-8 assay and the data showed that cell pro-
liferation was enhanced due to over-expression
of PFTK1 (Figure 6D). Taken together, these
results indicated that PFTK1 might function as
a regulator of cell proliferation in H1299 cells.

PFTK1 enhanced the activity of Wnt/[-catenin
signaling in H1299 cells

It has been reported that PFTK1 could activate
Wnt signaling in HCC cells [26]. Wnt/B-catenin
signaling is well known to promote cell cycle
progression and proliferation through tran-
scriptional upregulation of target genes such as
those encoding c-myc and cyclin D [5]. To deter-
mine whether PFTK1 had a similar effect on
Wnt/B-catenin signaling pathway in NSCLC
cells, we detected the protein expression of
B-catenin, c-myc and cyclinD1 in PFTK1 upregu-
lated H1299 cells by Western blot analysis. Over-
expression of PFTK1 also led to increased
expression of B-catenin, c-my and cyclinD1
(Figure 7A, 7B). Moreover, Real-time PCR analy-
sis was performed to imply that two inhibitors
of Wnt signaling, such as DKK1 and Axin2, were
upregulated when PFTK1 was overexpressed
(Figure 7C).

Discussion

In this study, we found that PFTK1 promoted
cell proliferation and progression of cell cycle in
H1299 cells via activating the Wnt/B-catenin
signaling pathway. We proved that PFTK1
expression was mostly up-regulated in human
NSCLC tissues compared with the adjacent
normal tissues by using Western blot and IHC
analysis. High expression of PFTK1 was signifi-
cantly correlated with histological differentia-
tion, lymph node status, TNM stage and Ki-

Int J Clin Exp Pathol 2016;9(12):12228-12239
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Figure 5. Knockdown of PFTK1 decreased the ability of cell proliferation in H1299 cells. A. H1299 cells were tran-
siently transfected with PFTK1-siRNA or control-siRNA as described above for 48 h. The expression of PFTK1, cy-
clin A and PCNA were detected by western blot analysis. GAPDH was used as a loading control. B. The bar chart
demonstrated the ratio of PFTK1/cyclin A/PCNA to GAPDH by densitometry. The data were mean + SEM of three
independent experiments. (*, #, P < 0.05, compared with control cells). C. Knockdown of PFTK1 restrained G1/S
transition in H1299 cells. The cell cycle distribution of H1299 cells were detected by flow cytometric analysis. D.
Effect of the knockdown of PFTK1 on proliferation of H1299 cells was analyzed by CCK-8 assay. The viability of cells
transfected with PFTK1-siRNA was inhibited compared with the control cells. The data were mean £ SEM (n=3, *P

< 0.05, compared with the control cells).

67, a proliferating cell maker [30]. Moreover,
the high expression of PFTK1 was obviously
correlated with poor prognosis in lung adeno-
carcinoma patients. These results demonstrat-
ed that PFTK1 was an independent prognostic
factor for overall survival in patients with NSCLC
and might participate in the progression of lung
cancer.

PFTK1 was a Cdc 2-related serine/threonine
protein kinase [33], while Cdc 2 was identified
as the first CDK that was essential for G1/S
and G2/M transitions in Schizosaccharomy-
cespombe [24]. It was reported functional char-
acterization of human PFTK1 as a CDK. The
serum starvation and releasing experiment
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confirmed that PFTK1 promoted H1299 cells
proliferation by regulating the cell cycle (Figure
4). Moreover, the knockdown of PFTK1 decre-
ased the ability of H1299 cells proliferation and
overexpression of PFTK1 increased the prolif-
erative capability of H1299 cells by controlling
the transition of GO/G1 to S phase in cell cycle
(Figures 5, 6). G1/S phase transition is a major
checkpoint for cell cycle progression [29].
These results suggested that PFTK1 promoted
cell proliferation and was involved in cell cycle
in NSCLC cells.

Wnt signaling played an important role in tumor

development and progression [1, 21]. 3-Catenin
is a key mediator in the Wnt signaling pathway

Int J Clin Exp Pathol 2016;9(12):12228-12239
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Figure 6. Overexpression of PFTK1 increased the ability of cell proliferation in H1299 cells. A. H1299 cell were
transfected with Flag-PFTK1 plasmid or a control plasmid as described above for 48 h. Western blot analysis was
performed to detect the expression of PFTK1, cyclin A and PCNA, GAPDH was used as a loading control. B. The bar
chart demonstrated the ratio of PFTK1/cyclin A/PCNA to GAPDH by densitometry. The data were mean + SEM (n=3,
*, #,"P < 0.05, compared with control cells). C. The upregulated expression of PFTK1 enhanced G1/S transition in
H1200 cells. The cell cycle distribution of H1299 cells were detected by flow cytometric analysis. D. The cell viability
was detected by using CCK-8. Up-regulated PFTK1 enhanced the H1299 cells proliferation compared with the con-
trol cells. The data were mean + SEM (n=3, *P < 0.05, compared with the control cells).

[32]. When accumulating in the nucleus, B-
catenin activated the TCF/LEF complex and the
transcription of target genes including cyclin
D1, c-myc [22], both of which were important
oncogenes. The interaction of PFTK1 with
CCNY was reported to corporately mediate
phosphorylation of LRP6 [14], which promoted
more specifically the Wnt/B-catenin pathway
[11]. We found that the overexpression of
PFTK1 raised the expression of [(-catenin,
c-myc and cyclinD1, but the expression of
DKK1 and Axin2, as negatively regulators of
Wnt signaling, were increased in the overex-
pression of PFTK1 cells (Figure 7). Previous
study indicated that TCF/LEF-mediated DKK1
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and Axin2 expression would form a feedback
loop to prevent hyperactivity of Wnt signaling
[12, 19] and DKK1 was highly expressed in a
variety of cancers, including lung cancer [23].
Therefore, we speculated that the hyperactivity
of Wnt/B-catenin signaling might contribute to
the uncontrolled cell growth and tumorigenesis
in NSCLC.

In conclusion, we first discovered that PFTK1
promoted cell proliferation by controlling the
cell cycle in NSCLC cells and was an indepen-
dent prognostic factor for overall survival in
patients with NSCLC. Meanwhile, our results
indicated that PFTK1 participated in the Wnt/

Int J Clin Exp Pathol 2016;9(12):12228-12239
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Figure 7. The upregulated PFTK1 activated
the Wnt/B-catenin signaling pathway. A. The
protein expression of B-catenin, c-myc and
cyclin D1 were detected in the Flag-PFTK1
H1299 cells and the control cells by using
Western blot analysis. GAPDH was used as a
control loading. B. The bar chart demonstrat-
ed the ratio of PFTK1/B-catenin/c-myc/cyclin
D1 to GAPDH by densitometry. The data were
mean + SEM (n=3, *, #, *, &P < 0.05, com-
pared with control cells). C. The upregulated
PFTK1 increased the expression of DKK1,
Axin2 in H1299 cells by real-time PCR analy-
sis. B-actin was used an internal reference.
The bar demonstrated the ratio of DKK1,
Axin2 RNA levels to B-actin by densitometry.

B-catenin signaling pathway in NSCLC and
PFTK1 might through this pathway regulate cell
proliferation. This investigation might provide a
new strategy for targeting therapy.
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