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A role for CdRl1 in the development of gastric cancer
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Abstract

Background. Cyclin-dependent kinase-likel (CDKL1) is known as a new member of cyclin-dependent kinases. Whether
genetic alterations of CDKLI gene are involved in the development and/or progression of gastric cancer is still
unknown. Material and methods. Here, the expression of CDKIL1 protein in paired specimens of gastric cancer tissues
and corresponding normal gastric tissue (n = 66) was assessed by immunohistochemistry assay. We then used lentivi-
rus-mediated knock down to specifically inhibit CDKL1 expression in human gastric cancer cell lines. Cell prolifera-
tion potential in vitro was measured by MTT and clonogenic assays. Cell apoptosis was assessed by flow cytometry.
Results. We show for the first time that high expression of CDKLI protein was observed in gastric cancer tissues
compared with matched adjacent tissues. Loss of CDKL! function in both SGC7901 and MGC-803 gastric cancer
cells significantly decreases cellular proliferation and increases apoptosis (p <0.01). Furthermore, we show that the
reduction of CDKL]I with its siRNA stimulates the activation of Bc/-2-interacting killer (Bik) pro-apoptotic protein and
attenuated the expression of proliferating cell nuclear antigen PCNA. Conclusion. In summary, our data suggest that
CDKLI plays an important regulatory role in gastric cancer cell proliferation and survival, and therefore, may repre-

sent a new target for therapeutic intervention.

Gastric cancer is one of the most common malig-
nances worldwide and accounts for the second most
common cause of cancer related death [1]. With cur-
rent therapy approaches, the prognosis of gastric
cancer is still very poor. The pathogenesis of gastric
cancer is complex and related to multiple factors.
Dysregulation of well-established oncogenic path-
ways, such as those mediated by cell cycle regulators
[2,3], nuclear factor-kappaB [4,5], cyclooxygenase-2
[6,7] and epidermal growth factor receptor [8,9] are
implicated in gastric carcinogenesis. In this scenario,
more complete understanding of the underlying
physiological, cellular, and molecular mechanisms
could have a major impact on developing new treat-
ment strategies such as gene therapy, which promise
to become the alternative choice of treatment in gas-
tric cancer.

Disturbed regulation of the cell cycle is a hall-
mark of cancer [10]. Cell cycle progression is known
to be modulated by concerted action of cyclins with

cyclin-dependent kinases (CDKs) [11]. In human
genome, 21 genes encode CDKs, while five addi-
tional genes encode a more distant group of proteins
known as CDK like (CDKL) kinases. CDKL kinase
family is not known to interact with cyclins, but con-
sidered as a separate branch of CDK family that is
similar to the MAP kinases group of signal transduc-
ing enzymes [12].

CDKL]1 gene, also known as KKIALRE, was the
first member of CDKL kinase family that was cloned
on the basis of its similarity to the cyclin-dependent
kinase 1 (CDK1) kinase domain [12]. This protein
kinase (CDKL1) shares homology with CDKL?2 (also
known as KKIAMRE) and they exhibit mutually
exclusive expression in reproductive tissues: CDKL1
in ovary and CDKL?2 in testis. They may therefore
contribute to signal transduction within these highly
differentiated tissues. Both CDKL1 and CDKIL2
contain the conserved MAP kinase dual phosphory-
lation motif Thr-Xaa-Tyr (Thr-Asp-Tyr), and are
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activated by treatment of cells with epidermal growth
factor (EGF) [13]. However, unlike other MAP
kinases, the EGF-stimulated kinase activity does not
require phosphorylation on Thr and Tyr within this
motif. In addition, the CDKLI1 protein is mainly a
glial protein that is upregulated in gliosis and it prob-
ably plays no role in the hyperphosphorylation of tau
in Alzheimer’s disease brains [14]. We know that
CDK1 is a key cell cycle regulator and required in
higher cells for entry into S-phase [15]. However, to
our knowledge, whether CDKL] is involved in the
mitosis in human cells as well as human pathology,
especially in cancers is not clear.

The present study aims to evaluate the expres-
sion of CDKL]I in gastric cancer and elucidate a
functional role of CDKL]1 in gastric cancer cell pro-
liferation and apoptosis by using RNA interference
(RNAIi) to knock down the expression of CDKLI.
Also, the apoptosis related molecules (Bcl-2, Bik,
and p21W&/leirly and proliferation related marker
(PCNA) were assessed in gastric cancer cells with
loss of function of CDKLI. PCNA was chosen,
primarily because it serves as a marker of cellular
proliferation. Bcl-2 anti-apoptotic protein and
Bcl-2-interacting killer (Bik) pro-apoptotic protein
were also chosen. p21Wa/llirl was chosen given its
role as an inhibitor of apoptosis. Importantly, we
found that CDKLI1 is highly expressed in cancer
areas compared to adjacent non-carcinoma tissues
and suppression of CDKL I inhibits cell proliferation
and induces apoptosis of gastric cancer cells. Taken
together, our findings suggest that CDKL]1 plays an
important regulatory role in gastric cancer cell
growth, and therefore, may represent a new target
for therapeutic intervention.

Material and methods
Immunohistochemical staining

The investigated specimens were obtained from 66
patients in the Department of Gastrointestinal Sur-
gery, the Affiliated Shengjing Hospital of China
Medical University. The paraffin-embedded blocks
of those were cut 3-um thick and used for further
immunostaining as previously described [16]. The
samples were incubated with mouse monoclonal
antibody to CDKLI1 (diluted 1: 200; Abcam) and
horseradish peroxidase (HRP)-conjugated rabbit
polyclonal secondary antibody to mouse IgG-H&L
(1: 200 dilution; Abcam). The color was developed
with 0.02% diaminobenzidine (DAB) solution. Neg-
ative controls were performed by replacing the pri-
mary antibody with phosphate-buffered saline (PBS).
The stained sections were evaluated by two blinded
pathologists independently and results were strongly
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consistent between the two readings. Expression of
CDKL1 proteins was evaluated as positive if the
stained cells were distributed in > 10% of area. Each
slice was scored according to the staining intensity
of the positive cells and the percentage of positive
cells to total cancer cells. Briefly, light yellow, brown-
ish-yellow and dark-brown were scored as 0, 1, 2, and
3; and the positivity of 0, <1/3, 1/3 to 2/3, and >2/3
were scored as 0, 1, 2, and 3. The two combined
score of 0 was defined as “—”, 2 to 3 as “+”, 4 as
“++”, 5t06as “+++7.

Cell culture

The gastric cancer lines, GES, SGC7901, MKN45,
MGC-803, were obtained from Shanghai institutes
for biological science (SIBS) cell bank. Cells were
maintained in BPMI 1640 medium (Gibco BRL,
Grand Island, NY, USA) plus 10% fetal bovine
serum (FBS) (Hyclone, Logan, UT, USA) in a 5%
CO, incubator at 37°C.

Lenniviral CDKL1-siRNA wvector construction
and packaging

Small interfering RNA (siRNA) target sequence
(CCAGCAAGTGTTTAGCACGAA) for CDKL1
(NM_004196) was designed and short harpin RNA
(shRNA) constructs was synthesized. Non-sense
sequence (TTCTCCGAACGTGTCACGT) was
designed and used as RNAIi control. shRNA target-
ing CDKLI and control shRNA were respectively
cloned into pGCSIL-GFP plasmid vector
(GeneChem, Shanghai, China) which contains the
green fluorescent protein (GFP) gene as a reporter
with an internal CMV promoter. CDKLI-siRNA
and scramble siRNA (scr-siRNA) plasmids were pre-
pared and confirmed by DNA sequencing.

The CDKLI-siRNA (or Scr-siRNA) plasmid,
pHelper 1.0 and pHelper 2.0 plasmids (GeneChem)
were transfected 293T cells based on the instruction
of Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) when the cell density reached 70-80%.
Lentivirus particles expressing CDKLI-siRNA or
scr-siRNA (Lv-CDKL1-siRNA or Lv-scr-siRNA)
were harvested from cell culture medium 48 hours
after transfaction. Lentivirus was concentrated using
Plus-20 centrifugal ultrafiltration device (Millipore,
USA), and were kept at —80°C.

Infection of gastric cancer cells by lentivirus

When SGC7901 and MGC-803 cells were grown
to 30% confluence in BPMI 1640 medium, appro-
priate amount of lentivirus was added according to
the multiplicity of infection (MOI). The number of
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GFP-positive cells was determined using fluores-
cence microscopy (Olympus, Tokyo, Japan) three
days after infection.

Real time RT-PCR

A total of 8 X 10> cells transduced with control len-
tivirus or cells transduced with Lv- CDKLI1-siRNA
were seeded into a 12-well plate, respectively. Cells
of each group were harvested after culture for five
days. Total cellular RNA was extracted using Trizol
reagent (Invitrogen) and reversely transcripted to
cDNA by M-MLYV reverse transcriptase (Promega
Corp.) according to the manufacturer’s instructions.
Quantitative real-time polymerase chain reaction
(gPCR) products were detected with SYBR Green
I dye by using Thermal Cycler Dice Real Time
System TP800 (TAKARA, Japan). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene was ampli-
fied as internal control [17]. The primer sequences
used were as follows: GAPDH-forward, TGACT-
TCAACAGCGACACCCA; GAPDH-reverse, CAC-
CCTGTTGCTGTAGCCAAA; CDKLI1-forward,
CGAATGCTCAAGCAACTCAAGC, CDKLI-
reverse, GCCAAGTTATGCTCTTCACGAG. Rel-
ative quantitation was done by taking the difference
[Delta C(T)] between the C(T) of GAPDH and
C(T) of each gene and computing 2[-Delta Delta
C(D)] [18].

Western blot

Lentivirus infected cells for five days were collected
and total protein was isolated and quantitated by the
bicinchoninic acid (BCA) method. Protein (20 ug)
was loaded onto a 10% SDS-PAGE and transferred to
PVDF membrane. Then, CDKLI1, Bik, p21Wa1/Cipl]
Bcl-2 and PCNA proteins were detected by respec-
tive antibodies using enhanced chemiluminescence
(ECL) kit (Amersham) and visualized by exposure
to x-ray film. GAPDH was used as loading control.
The antibodies used were as follows: anti-CDKIL1
(1: 500 dilution; Abcam), anti-Bik (1: 800 dilution;
Santa-Cruz Biotechnology), anti-p21¥afl/Cipl (1: 800
dilution; Cell Signaling), anti-Bcl-2 (1: 800 dilution;
Abcam), HRP-conjugated rabbit polyclonal anti-
mouse IgG (H&L) antibody and anti-rabbit
IgG (H&L) antibody (1: 5000 dilution; Santa-Cruz
Biotechnology).

MTT cell proliferation assay

Lentivirus infected cells at the logarithmic phase
were seeded into 96-well plates at the density of 2000
cells/well, and were incubated in 5% CO, incubator
at 37°C. After one, two, three, four and five days of

culture, the cell viability was assessed by MTT assay.
Briefly, 20 ul MTT (5 mg/ml) was added and incu-
bated for four hours. The reaction was terminated by
removal of the supernatant and addition of 100 ul
DMSO. The optical density (OD) of each well was
measured at 490 nm using ELISA reader.

Assay of cell colony formation

Cells at the logarithmic phase after infection were
inoculated in six-well plates at the density of 800
cells/well. Culture medium was changed every three
days. When the cell number in most single colony
was greater than 50, cells were fixed for 30 minutes
in paraformaldehyde (Sangon Biotech Shanghai Co.
Ltd), washed with PBS and stained with Giemsa dye
(Chemicon). After washing with ddH,O, the number
of colonies was counted under the fluorescence
microscope micropunlisher 3.3 RTV (Olympus).

Detection of apoptosis in gastric cancer
cell ine SGC7901

The protocol provided in Annexin V Apoptosis
Detection Kit APC (eBioscience Inc., San Diego,
CA, USA) was strictly followed. Briefly, cell culture
supernatants and adherent cells in six-well plate were
collected after seven days of Lv-CDKLI-siRNA
transduction. Cells were washed with PBS by cen-
trifugation at 1500 rpm. Then cells were washed
once in 1X Binding Buffer and double stained with
Annexin V APC/PL. After incubating for 10 minutes
at room temperature in the dark, cells were analyzed
by flow cytometry (FACS Calibur, BD Biosciences
Innovation, USA).

Statistical analysis

All data were expressed as mean = SD of three inde-
pendent experiments, in which each assay was per-
formed in at least triplicate. The Student’s t-test was
used to evaluate the differences between the control
cells and CDKL1 knockdown cells using SPSS 13.0
software. Statistic analysis concerning normal-tumor
samples was performed using y>-test. p<<0.05 was
considered as statistically significant.

Results
Expression of CDKL1 in gastric cancer

Sixty-six gastric cancer tissue specimens were ana-
lyzed for expression of CDKLI1 protein using the
immunohistochemistry assay. As shown in Table I
and Figure 1, gastric cancer samples had a higher
rate of positivity for CDKIL1 expression in compari-
son to adjacent normal stomach tissue (p <0.0001).



Table I. Expression pattern of CDKLI1 in gastric cancer tissues
and adjacent tissues. Immunoblot results were scored in four
categories: negative expression, low-level expression, middle-level
expression and high-level expression.

CDKILLI expression

Number Negative Low Middle High
of cases =) (+) (++) (+++) p-value

Cancer 66 31 21 11 3

tissues
Carcinoma <0.0001
Normal 66 63 3 0 0

tissues

These results indicated that CDKL1 might be upreg-
ulated in tumorigenesis process of gastric cancer.

Knock down of CDKLI gene expression
by CDKL1-siRNA

CDKLI1 protein was initially found to be expressed
in a serial of gastric cancer cell lines (GES,
SGC7901, MKN45 and MGC-803) as confirmed
by Western blot (Figure 2A). In order to study the
role of CDKL]I in gastric cancer proliferation and
apoptosis, we designed CDKL I-targeting shRNA
which have been widely used in studying gene func-
tions of the mammals [19-21]. Next, we constructed
shRNA-expressing lentivirus targeting CDKLI.
Successfully lentivirus infection on two common
gastric cancer cell lines, SGC7901 and MGC-803
cells, was evidenced by the fluorescence microscopy
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three days after infection (Figure 2B). Clearly, more
than 80% of cells showed GFP expression and kept
normal cell morphology (Figure 2B).

qPCR and Western blot were used to detect the
expression levels of CDKL1 after lentivirus infection
for five days when Lv-CDKLI-siRNA efficiently
transduced both gastric cancer cell lines, reaching up
to 100% of cells expressing GFP. It was clearly
showed in Figure 2C and D that the mRNA levels
of CDKL1 was decreased by 76.4% and 82.2% in
SGC7901 and MGC-803 cells compared with the
control (p<0.05, p<0.001). Moreover, expression
of CDKLI protein was also significantly inhibited in
CDKUL1 knock-down gastric cancer cells (Figure 2E
and F).

Effect of CDKL1-siRNA on cell growth and colony
Sformation of gastric cancer cells

After infection by CDKL1-siRNA-expressing lenti-
virus for five days, we investigated the cell viability
for five consecutive days by MTT assay. The num-
ber of viable cells in CDKLI1-siRNA group was
decreased compared to Scr-siRNA group. Statisti-
cal analysis results showed that the proliferation of
SGC7901 and MGC-803 cells was significantly
inhibited after knock down of CDKLI gene by
CDKLI1-siRNA (p<0.001, Figure 3A and B).
In addition, colony-formation assay was performed
to determine tumorigenesis in vitro. Cells in the
control group were in cluster growth and formed

Middle (11/66

Figure 1. Images of immunohistochemical expression of CDKLI1 in human gastric cancer compared with matched adjacent tissues. The
specimens were viewed with an Olympus CKX41 microscope at magnification of 20 X. (A, B, C) Representative photos of high-level,
middle-level and low-level expression of CDKIL1 protein in human gastric cancer. (D, E) Representative photos of low-level and negative

expression of CDKLI protein in adjacent tissues.
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Figure 2. Infection of gastric cancer cells by CDKL1-siRNA-expressing lentivirus. (A) Analysis of CDKLI1 protein in gastric cancer
cell lines (GES, SGC7901, MKN45, MGC803) by Western blot assay. (B) The lentiviral vector containing CDKL1 siRNA or a
scrambled sequence was constructed and respective lentivirus was packaged. SGC-7901 cells were infected with CDKL1 siRNA
lentivirus or control lentivirus for three days and observed under fluorescence microscopy in bright field (left panel) and fluorescent
field (right panel) with 400 X magnification. (C, D) Expression levels of mRNA were measured by qPCR. In comparison with control,
CDKL1 siRNA lentivirus infection resulted in 76.4% and 82.2% decrease in the expression level of CDKL1 mRNA in SGC7901
(C) and MGC-803 (D) cells, respectively. (E, F) Expression levels of protein were measured by Western blot. CDKL1 protein
was significantly downregulated in CDKLI1 siRNA lentivirus infected SGC7901 (E) and MGC-803 (F) cells. *, p<0.05 and

wick, p<0.001.

colonies 14 days after infection. Consistently, the
colony formation was completely inhibited in both
CDKL1 knock-down cell lines. In comparison with
the control, the number of colonies in SGC7901
and MGC-803 cells was decreased by 56.5% and
86.2%, respectively (p <0.001, Figure 3C and D).

Effect of CDKL1-siRNA on cell apoptosis
of gastric cancer cells

In order to study the mechanism of CDKLI in
modulating cell growth, cells apoptosis was mea-
sured using Annexin V-APC staining and flow
cytometry after CDKL1-siRNA-expressing lentivi-
rus infection. We found that knock down of CDKL1
gene by CDKLI1-siRNA caused a significant
increase in the population of apoptotic cells, com-
pared to the control group (p<0.01, p<0.001,
Figure 4A and B).

Expression of apoptosis related genes

To elucidate to the mechanisms by which CDKLI
promotes gastric cancer growth and survival, we
then determined proliferation and apoptosis-related
gene using qPCR and Western blot. As shown in
Figure 5A, knock down of CDKIL1 significantly pro-
motes the expression of Bik and inhibits the expres-
sion of Bcl-2 gene (p < 0.05,p <0.01). Furthermore,
the reduction of CDKLI led to increased expression
of Bik and p21W#/1/Cir1 protein and decreased expres-
sion of Bcl-2 and PCNA proteins (Figure 5B).

Discussion

Like almost all other cancers, gastric cancer has a
molecular genetic basis which relies on the disorders
in normal cellular regulatory mechanisms that governs
cell growth, apoptosis and cell division [22]. In present
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Figure 3. The effect of CDKLI knock down on the proliferation
and colony formation of gastric cancer cells. (A, B) Analysis of cell
viability of CDKIL1 siRNA lentivirus or control lentivirus infected
cells for one to five days. The proliferation of both SGC7901 (A)
and MGC-803 (B) cells was significantly inhibited after CDKL1
knock down. (C, D) Colony formation in lentivirus infected cells
was assayed 14 days after culture. Statistical results of colony
number showed that the colony-forming ability was impaired in
CDKL1-siRNA lentivirus infected SGC7901 (C) and MGC-803
(D) cells. *, p<0.05 and *:#:*, p<<0.001.

research, we observed a significant upregulation of
CDKLI1 protein in human gastric cancer tissues
(Figure 1). We then employed lentivirus-mediated
knock down to specifically inhibit CDKL 1 gene expre-
ssion and demonstrated that loss of CDKL! function
significantly impaired the proliferation and induced
apoptosis of SGC7901 and MGC-803 cells. The
results of the present study demonstrated that CDKL1
may be a tumor promoter for gastric cancer.
Sequential activation and inactivation of CDK
serine-threonine kinases family modulate the pro-

2.50 O Ser-siRNA
e ® CDKLI-siRNA

Relative mRNA expression
-
2 8 2 8

o
.

Bik p21  PCNA

Rex p21 |
B2 & "

Bcl-2

CDKLI1 in gastric cancer 795

25 SGC7901 20 MGC-803
- * % - o
S 20+ T 15t
2 15¢ -
g 210
2100 | 2
2 2 sl
< 5f -
o— . 0
N > » N
PE A&
ki oF B ooF

Figure 4. Detection of apoptotic cells by flow cytometry. After
seven days of lentivirus infection, SGC7901 (A) and MGC-803
(B) cells were cultured in six-well plates and subjected to Annexin
V staining/flow cytometric analysis. Results showed that CDKL1
knock down resulted in inducing the apoptosis of both gastric
cancer cells. ##, p<<0.01 and #*#*, p<<0.001.

gression of cells through the cell cycle. In particular,
CDK controls progression from the S phase through
G2 and into the M phase. Loss of cell cycle control,
leading to uncontrolled proliferation, is common in
human cancers. CDK]1 has been viewed to play the
most crucial role of the G2/M modulators in cell
cycle progression and cell proliferation of hepatocel-
lular carcinomas (HCC) and significantly predicts
the recurrence of this carcinoma [23]. Furthermore,
a correlation was found between the immunoexpres-
sion of CDK1 and G2 cyclins and they play an
important role in the progression of thyroid malig-
nant lymphoma [24].

CDKL protein kinases, comprising five members,
CDKL1 to CDKL5, were identified based on their
structural relation to CDKs. Although CDKL have a
similar structure to CDKL in mammals, their func-
tion in cancer is not so clear. In our study, we found
that knock down of CDKLI1 effectively inhibits cell
proliferation and colony formation in gastric cancer
cells (Figure 3), indicating that CDKL] is a positive

i
.
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Figure 5. Analysis of CDKL1 downstream target genes by Western blot. Expression of proliferation and apoptotic markers was observed
in CDKLI-siRNA lentivirus infected SGC7901 cells by gPCR (A) and Western blot (B). The reduction of CDKLI with its siRNA
stimulates the activation of apoptotic molecules, such as Bik and p21 W&7/Ci! and attenuated the expression of Bcl-2 and PCNA.

#, p<0.05 and #*, p<0.01.
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regulator of cell proliferation. In addition, we found
that knock down of CDKL I can significantly increase
apoptosis of gastric cancer cells (Figure 4). These
results indicated that CDKL1 is an inhibitor of apop-
tosis in gastric cancer. Furthermore, differential
expression of proliferation and apoptosis-related
genes was observed in CDKLI knock-down cells
(Figure 5). Among them, Bcl-2 and Bik proteins were
two members of Bcl-2 family. Bcl-2 is anti-apoptotic
gene, while Bik is an apoptosis-inducing gene. In
addition, p21"&/1ir! is cyclin-dependant kinase inhib-
itor well known to prevent cyclin D/CDK 4, 6 and
cyclin E/CDK 2 mediated phosphorylation of the
retinoblastoma protein (Rb) and to block progression
of the cell cycle in the G1 phase. Moreover, overex-
pression of p21W&fl’eip! glso triggered apoptosis. PCNA,
an amplifier of cell proliferation, has been widely used
as a tumor marker for cancer cell progression and
patient prognosis. Collectively, the increase expres-
sion of Bik and p21W&1iirl | a5 well as the decrease of
Bcl-2 and PCNA expression in CDKL1 knock-down
cells will be account for the enhancement of cell
apoptosis and the inhibition of proliferation.

In summary, these findings might extend our
knowledge of the biological progression of gastric can-
cer and may provide a new therapeutic target for treat-
ment of this disease. However, subsequent study of
the signaling pathway which modulates CDKL ! func-
tion in gastric cancer still needs to be elucidated.
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