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Up-regulated CKS2 promotes tumor progression and
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Abstract: Cyclin-dependent kinases regulatory subunit 2 (CKS2) is a cyclin-dependent kinase-interacting protein,
which is essential for cell cycle regulation. Elevated expression of CKS2 has been demonstrated in multiple types of
human malignancies. However, the clinical significance, oncogenic functions and related mechanisms of CKS2 in
colorectal cancer (CRC) remain largely unexplored. In this study, data from Oncomine database revealed that CKS2
is significantly up-regulated in CRC tissues compared with their normal counterparts. Immunohistochemical analy-
sis of a CRC tissue microarray demonstrated that elevated CKS2 expression is closely associated with enhanced
TNM stage, larger tumor size and a poor prognosis in patients with CRC. Multivariate Cox regression analysis re-
vealed that CKS2 and TNM stage are two independent prognostic factors for CRC. Suppression of CKS2 expression
resulted in decreased cell viability, increased cell apoptosis, cell cycle arrest and reduced expression of cyclins in
Caco-2 and SW620 cells. Furthermore, gain and loss of function studies demonstrated that CKS2 promotes cell in-
vasion in CRC cells through regulating claudinl. Taken together, our study reveal that CKS2 is promising prognostic
indicator and contributes to tumor progression in CRC, and support that CKS2-related signaling may represent a

novel target for CRC therapy.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon human malignancies in the world [1, 2].
Due to the imperceptible symptoms of CRC,
most patients are diagnosed at advanced
stage at the time of diagnosis. According to the
statistical analysis of American association of
colorectal surgeon (ACS), the poor prognosis of
patients with CRC is related to primary tumor
metastasis and spread [3]. Thus, cancer metas-
tasis is considered to be the leading causes of
death in patients with CRC [4]. Meanwhile,
accumulating evidences also demonstrate that
alternation in cell cycle regulation and signal
transduction molecules contribute to for tumor
etiology and pathogenesis of CRC [5]. Therefore,
it is of great significance to identify the onco-
genic pathway involved in CRC progression and
develop novel therapeutic approaches to treat
this deadly disease.

Cyclin-dependent kinases regulatory subunit 2
(CKS2) is the member of cell cycle dependent
protein kinase subunits family, which partici-
pates in cell cycle regulation [6-8]. CKS2 has an
important role for early embryonic development
and the process of somatic cell division [9].
Apart from its regulatory role in the transition of
cell cycle, CKS2 also exhibits certain functions
in  tumor development [10-17]. Previous
researches have demonstrated that CKS2 is
up-regulated in many types of tumors, including
prostate cancer, bladder cancer, breast cancer
[48] and liver cancer [19] and contributes to
tumor progression [20]. However, the underly-
ing cellular functions of CKS2 and related
mechanisms involved in its carcinogenicity
remain largely unexplored. In a DNA microarray
analysis, Menghi F et al. identified CKS2 as
potential markers of cancer metastasis [21].
And in our previous study, we have demonstrat-
ed the expression and the clinical significance
of CKS2 in CRC [22]. However, the fidelity is lim-
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Table 1. Quantitative Real-time PCR primers used in this study

manifestation, pathological and

Gene name Primer sequence (5’ to 3')

Amplicon size

serological examinations. The

CCNAL1 Forward: GCAGCCAGACATCACGGAAG
Reverse: TCCAGGAAGTTGACAGCCAGA
CCNB1 Forward: AATAAGGCGAAGATCAACATGGC
Reverse: TTTGTTACCAATGTCCCCAAGAG
CCNB2 Forward: GCTGGTACAAGTCCACTCCAAG
Reverse: GAAGCCAAGAGCAGAGCAGTAA
CCND1 Forward: GCTGCGAAGTGGAAACCATC
Reverse: CCTCCTTCTGCACACATTTGAA
CCNE1 Forward: GCCAGCCTTGGGACAATAATG
Reverse: CTTGCACGTTGAGTTTGGGT
Claudinl Forward: TGAGGATGGCTGTCATTGGG
Reverse: CTTGGTGTTGGGTAAGAGGTTGT
Claudin4 Forward: GGGGCAAGTGTACCAACTG
Reverse: GACACCGGCACTATCACCA
Claudin7 Forward: AGCTGCAAAATGTACGACTCG
Reverse: GGAGACCACCATTAGGGCTC
Occludin Forward: AGACCCAAGAGCAGCAAAGG
Reverse: AACACCATGATGCCCAGGATA
Z0-1 Forward: TATTCACGCAGTTACGAGCAAG
Reverse: AAGGTATCAGCGGAGGGACA
CKS2 Forward: TTCGACGAACACTACGAGTACC
Reverse: GGACACCAAGTCTCCTCCAC
GAPDH Forward: TGAAGGTCGGAGTCAACGGA

Reverse: CCTGGAAGATGGTGATGGGAT

cases of CRC were selected in

114 bp
this study only if clinical data were
111 bp available. The follow-up time was
calculated from the date of sur-
gery to the date of death, or the
144 bp last known follow-up. None of
them had received radiotherapy,
135 bp chemotherapy, hormone therapy
or other related anti-tumor thera-
104 bp pies before surgery. All patients
were well informed and the pro-
244 bp cess was approved by Ethics
Committee of Ren Ji Hospital,
109 bp School of Medicine, Shanghai Jiao
Tong University, China.
75bp Cell culture and transfection
165 bp Human CRC cell lines Caco-2,
SW480, SW620 and LOVO were
103 bp all obtained from Cell Bank of the
Chinese Academy of Sciences.
109 bp The normal colonic epithelial cell
line NCM460 was purchased from
225 bp American Type Culture Collection

(ATCC). All cells were cultured in a

ited due to the small number of specimens
studied.

In current study, by a large scale of immunohis-
tochemical analysis, the prognostic value of
CKS2 was determined in CRC. We found that
up-regulated CKS2 is closely associated with
tumor progression and predicts poor prognosis
in CRC patients. Attenuation of CKS2 expres-
sion inhibited cell proliferation and promoted
cell apoptosis. Moreover, we demonstrated
that suppression of CKS2 promotes the inva-
sive potential of CRC cells by regulating clau-
dinl expression.

Materials and methods
Clinical tissue samples

The specimens of 345 consecutive patients
with CRC were collected from January 2003 to
November 2010 at Ren Ji Hospital, School of
Medicine, Shanghai Jiao Tong University. The
diagnosis was confirmed based on clinical
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humidified incubator under 5%
CO, condition at 37°C and supp-
lemented with 10% (v/v) fetal bovine serum
(FBS) and 1% antibiotics (penicillin and strepto-
mycin) according to ATCC protocols. Small inter-
fere RNAs (siRNA) targeting CKS2, claudinl
and a negative control were obtained from
GenePharma (Shanghai, China). CKS2 and
claudinl over-expressing plasmids were pur-
chased from GeneCopoeia (Guangzhou, China).
The transfection was performed according to
the manufacturer’s protocol.

Immunohistochemical staining

Immunohistochemical analysis was performed
as previously described [23]. Briefly, tissue sec-
tions were deparaffinized in xylene and rehy-
drated with graded ethanol. After neutralization
of endogenous peroxidase and antigen retriev-
al, the sections were blocked with 10% BSA
(Sangon, Shanghai). After washing three times
with phosphate-buffered saline (PBS), slides
were first incubated using the antibody for
CKS2 (Abcam, ab155078, US) at 4°C overnight
with optimal dilution. After washing three times
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1. Bladder Cancer (32) 9. Kidney Cancer (254)

2. Brain and CNS Cancer (4) 10. Liver Cancer (11)
3. Breast Cancer (328) 11. Lung Cancer (107)
4. Cervical Cancer (35) 12. Lymphoma (19)
5. Colorectal Cancer (330) 13. Ovarian Cancer (166)
6. Esophageal Cancer (7) 14. Pancreatic Cancer (19)
7. Gastric Cancer (7) 15. Prostate Cancer (59)

8. Head and Neck Cancer (41) 16. Sarcoma (49)

1. Bladder Cancer (8)

2. Breast Cancer (26)

3. Colorectal Cancer (23)
4. Kidney Cancer (11)

5. Liver Cancer (7)

6. Lung Cancer (28)

7. Ovarian Cancer (27)

8. Pancreatic Cancer (6)

9. Prostate Cancer (26)

Figure 1. CKS2 expression is elevated in CRC cells in Oncomine database. A. Gene expression analysis of CKS2 in
a series of cancer cell lines demonstrated an increase in expression in CRC versus 15 other cancer cell types. B.
CKS2 expression is significantly elevated in CRC cells compared with 7 other cancer cell types as demonstrated by

analysis of Su multi-cancer dataset.

with PBS, slides were incubated with second
antibody labeled by HRP (rabbit) (Proteintech,
US) at room temperature for 1 h. Finally, the
bound antibodies were Vvisualized with
3,3-diaminobenzidine tetrahydrochloride and
counterstained by hematoxylin. Scoring was
conducted according to the percent of positive
cells: less than 5% scored 0O; 6-25% scored 1;
25-50% scored 2; more than 50% scored 3 and
staining intensity: no staining scored 0, weakly
staining scored 1, moderately staining scored 2
and strongly staining scored 3, respectively.
The final score was designated as low or high
expression group using the percent of positive
cell score x staining intensity score as follows:
low expression was defined as a total score < 4
and high expression with a total score > 4.
These scores were determined independently
by two senior pathologists.
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Cell viability and apoptosis analysis

Cell viability was detected using a Cell Counting
Kit (CCK-8, Dojindo, Japan). Twenty-four hours
after cells were transfected with si-CKS2 and
their nonspecific controls, cells were seeded
into 96-well plate at 4 x 10° per well with 100
Ml culture medium supplemented in the pres-
ence of 10% FBS. After cells were incubated for
24, 48, 72 or 96 h, cell viability was quantified
by addition 10 pl of Cell Counting Kit-8. Then
the absorbance at 450 nm was measured
using a Power Wave XS microplate reader (BIO-
TEK). For cell apoptosis assay, Caspase-3/7
Glo kit (promega) was used. Briefly, Caco-2 and
SW620 cells transfected with si-CKS2 or their
nonspecific controls were cultured in the pres-
ence of serum deprivation, after 48 h incuba-
tion, caspase-3/7 activity was measured
according to the manufacturer’s protocol.

Am J Cancer Res 2015;5(9):2708-2718
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1. Colon Adenocarcinoma vs. Normal
Alon Colon, Proc Natl Acad Sci U S A, 1999

2. Rectal Adenocarcinoma vs. Normal
Gaedcke Colorectal, Genes Chromosomes Cancer, 2010

3. Colorectal Adenoma Epithelia vs. Normal
Gaspar Colon, Am J Pathol, 2008

4. Colorectal Carcinoma vs. Normal
Graudens Colon, Genome Biol, 2006

5. Colorectal Carcinoma vs. Normal
Hong Colorectal, Clin Exp Metastasis, 2010

6. Cecum Adenocarcinoma vs. Normal

Kaiser Colon, Genome Biol, 2007

7. Colon Adenocarcinoma vs. Normal

Kaiser Colon, Genome Biol, 2007

8. Colon Mucinous Adenocarcinoma vs. Normal
Kaiser Colon, Genome Biol, 2007

9. Rectal Adenocarcinoma vs. Normal

Kaiser Colon, Genome Biol, 2007

10. Rectal Mucinous Adenocarcinoma vs. Normal
Kaiser Colon, Genome Biol, 2007

11. Rectosigmoid Adenocarcinoma vs. Normal
Kaiser Colon, Genome Biol, 2007

12. Colon Adenocarcinoma vs. Normal

Ki Colon, Int J Cancer, 2007

13. Rectal Adenocarcinoma vs. Normal
Kurashina Colon, Cancer Sci, 2008

14. Colon Adenocarcinoma vs. Normal
Notterman Colon, Cancer Res, 2001

5 10 25 25 10 5 1

1
...DQDD.. DNo{measured

15. Colon Adenoma vs. Normal
Sabates-Bellver Colon, Mol Cancer Res, 2007

16. Rectal Adenoma vs. Normal
Sabates-Bellver Colon, Mol Cancer Res, 2007

17. Colorectal Adenocarcinoma vs. Normal
Skrzypczak Colorectal, PLoS One, 2010

18. Colorectal Carcinoma vs. Normal
Skrzypczak Colorectal, PLoS One, 2010

19. Colon Adenoma Epithelia vs. Normal
Skrzypczak Colorectal 2, PLoS One, 2010

20. Colon Adenoma vs. Normal
Skrzypczak Colorectal 2, PLoS One, 2010

21. Colon Carcinoma Epithelia vs. Normal
Skrzypczak Colorectal 2, PLoS One, 2010

22, Colon Carcinoma vs. Normal
Skrzypczak Colorectal 2, PLoS One, 2010

23. Cecum Adenocarcinoma vs. Normal
TCGA Colorectal, No Associated Paper, 2011

24, Colon Adenocarcinoma vs. Normal
TCGA Colorectal, No Associated Paper, 2011

25, Colon Mucinous Adenocarcinoma vs. Normal
TCGA Colorectal, No Associated Paper, 2011

26. Rectal Adenocarcinoma vs. Normal
TCGA Colorectal, No Associated Paper, 2011

27. Rectal Mucinous Adenocarcinoma vs. Normal
TCGA Colorectal, No Associated Paper, 2011

28. Colon Carcinoma vs. Normal
Zou Colon, Oncogene, 2002

The rank for a gene is the median rank for that gene across each of the analyses.

The p-Value for a gene is its p-Value for the median-ranked analysis.

Figure 2. CKS2 expression is elevated in CRC tissues in Oncomine database. Oncomine heat map demonstrated a
statistically significant increase in CKS2 expression in CRC tissues compared with the normal control tissues.

Cell cycle analysis

The influence of CKS2 on cell cycle progression
was measured using propidium iodide staining
and analyzed by flow cytometry. Briefly, cells
were seeded in 6-well plate at 1 x 10° per well
and transfected with si-CKS2 and their nonspe-
cific controls. After 48 h incubation, cells were
detached, washed with PBS, harvested and
fixed in 70% ethanol for 24 h. Followed by treat-
ment with DNase-free RNase and stained with
propidium iodide, the cell cycle was measured
by flow cytometric analysis of the DNA content
of cell populations. Finally, the distribution of
cells within G1/S and G2, and M phases was
determined by using CELLQUEST software
(Becton Dickinson).
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Cell invasion assay

The invasive ability of Caco-2 and SW620 cells
was detected by transwell model (Corning, NY)
according to the manufacturer’s instructions.
Briefly, 2 x 10* cells in 100 yl medium were
seeded into the upper chamber of matrigel-
coated filters (BD Bioscience, USA). A total of
700 pl culture medium containing 4 % (v/v) FBS
was added to the bottom chamber. After incu-
bation for 48 h, the non-invaded cells that
remained on the upper chamber were removed.
The invaded cells were fixed with 4% parafor-
maldehyde and stained with 0.1% crystal violet.
Finally, the number of invaded cells on the
lower surface was counted under a light micro-
scope in six random fields.

Am J Cancer Res 2015;5(9):2708-2718
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Figure 3. Elevated CKS2 predicts a poor prognosis in CRC patients. A. Repre-
sentative images of CKS2 immunoreactivity in CRC tissues. Scale bar: 50 ym.

P = 0.0002

(San Diego, CA) software.
Correlation of CKS2 expres-
sion with clinicopathologic
parameters was analyzed by
Pearson chi-square test.
Overall survival rate was cal-
culated according to the
Kaplan-Meier method and
the difference in survival
curves was evaluated by the
log-rank test. Independent
prognostic factors were ana-
lyzed by the Cox proportion-
al hazards regression mo-
del. The two-sided Student’s
t test was used to assess
the difference in other gro-
ups. P values less than 0.05
were considered statistically
significant.

Results

CKS2 expression is signifi-
cantly up-regulated in CRC

B. Kaplan-Meier curves for patients grouped based on CKS2 expression.

Quantitative real-time PCR

Total RNA from CRC cell lines and normal colon-
ic epithelial cell line was extracted by RNA
Extraction Kit (SLNco, Cinoasia, China), and
cDNA was synthesized using PrimeScript RT
reagent Kit (TaKaRa Biotechnology, Japan). The
primers used in this study were shown in Table
1. Primers were designed with PRIMER 5.0
(ABI, Foster City, CA, USA) and synthesized by
Generay (Shanghai, China). Expression of indi-
cated genes was conducted on a Real-time
Thermo Cycler (FTC3000, Funglyn, Canada)
with SYBR Green Real-time PCR Master Mix
(QPK-201, TOYOBO, Japan). The specificity of
real-time PCR was confirmed by melting-curve
analysis. Relative expressions were determined
by normalizing expression of each Ct value to
GAPDH Ct value and data were analyzed
according to the 224 formula.

Statistical analysis

Data were presented as the means + SD. All
statistical analyses were performed using the
SPSS 16.0 software and graphical representa-
tions were performed with GraphPad Prism 5
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To determine the expression

of CKS2 in CRC, we first ana-
lyzed its expression in Oncomine datasets.
Data from two Oncomine datasets showed that
CKS2 is commonly expressed in multiple can-
cer cells and is pronounced elevated in CRC
cell lines (Figure 1). In addition, by searching
Oncomine datasets, we also found that CKS2
expression was remarkably higher in tumor
specimens compared with normal control spec-
imens (Figure 2). These data suggest that
CKS2 expression is deregulated in CRC and
might contribute to tumor development and
progression of CRC.

Elevated CKS2 expression predicts poor prog-
nosis in patients with CRC

To further confirm the clinical significance of
CKS2 in CRC, we analyzed CKS2 protein expres-
sion in a tissue microarray containing 345
cases of CRC specimens, which clinical data
are available. The immunohistochemical re-
sults showed that CKS2 expression is up-regu-
lated in 69.9% (241/345) CRC tissues (Figure
3A). By pearson chi-square test, we observed
that high expression of CKS2 is positively asso-
ciated with larger tumor size and enhanced
TNM stage, whereas no significant difference

Am J Cancer Res 2015;5(9):2708-2718
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Table 2. Relationship between CKS2 expression and corresponding clinico-

pathological features in patients with CRC

expression, tumor si-
ze and TNM stage

are independent fac-

Parameters CKS2 (n) tors in the prediction
Low (n =104, %) High (n =241, %) P value of 0S rate in patients
Age <65 years 61 (32.6) 126 (67.4) 0.276 with CRC (Table 3).
> 65 years 43 (27.2) 115 (72.8) The relative risk was
Gender Male 66 (33.2) 133 (66.8) 0.153 14.736 for CRC pa-
Female 38 (26.0) 108 (74.0) tients with a high
Tumor size <5cm 68 (39.1) 106 (60.9) 0.000 CKS2 expression le-
>5cm 36 (21.1) 135 (78.9) vel in relative to
Tumor location Rectum 69 (34.2) 133 (65.8) 0.054 those with a lower
Colon 35 (24.5) 108 (75.5) CKS2 expression le-
CEA level <5 ng/ml 59 (32.6) 122 (67.4) 0.297 vel. Collectively, th-
> 5ng/ml 45 (27.4) 119 (72.6) ese data above indi-
TNM stage | 16 (18.8) 69 (81.2) 0.000 cate that up-regulat-
I 24 (20.2) 95 (79.8) zgofKifo;i?iztS iz
:U i: S:Z; 752(;%1.:)) CRC patients and i_s
closely correlated wi-
Histology Mucinous 21 (38.9) 33(61.1) 0.127 th tumor progression
Non-mucinous 83 (28.5) 208 (71.5) in CRC.
Values in parentheses indicate percentage values. The bold number represents the P-values
with significant differences. Silencing of CKS2

Table 3. Univariate and multivariate analysis of prognostic parameters for

survival in patients with CRC

inhibits cell prolifera-
tion and increases
cell apoptosis in CRC
cells

Univariate analysis

Multivariate analysis

As CKS2 expression

is closely associated
with tumor size and
TNM stage, we hy-
pothesized that CK-
S2 contributes to the
malignant biological

Parameters

HR 95% ClI P value HR 95% Cl P value
CKS2 expression 16.332 6.424-41.522 0.000 14.736 5.762-37.687 0.000
Age 1.493 0.969-2.300 0.069
Gender 1.256 0.831-1.897 0.279
Tumor location 0.800 0.510-1.255 0.332 - - -
Tumor size 1.713 1.102-2.661 0.017 1.898 1.215-2.964 0.005
TNM stage 2.057 1.592-2.657 0.000 1.768 1.381-2.263 0.000
Serum CEA level 1.578 1.030-2.418 0.036 1.290 0.840-1.982 0.245

behaviors of CRC ce-

HR: Hazard ratio; Cl: Confidence interval. The bold number represents the P-values with signifi-

cant differences.

between CKS2 expression and age, gender,
tumor location or CEA levels are found (Table
2). To determine the prognostic value of CKS2,
the overall survival (0S) rate of 183 CRC
patients in current cohort was analyzed using
Kaplan-Meier survival curves and the log-rank
test. As shown in Figure 3B, patients with lower
CKS2 expression had a better outcome than
those with higher CKS expression (P = 0.0002).
In univariate analysis, CKS2 expression level,
tumor size, TNM stage and serum CEA levels
were significant risk factors for OS (Table 3).
And multivariate analysis revealed that CKS2
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lls. To test this hy-
pothesis, we select-
ed two CRC cell lines,
Caco-2 and SW620,
which showed higher CKS2 expression, for next
investigation (Figure 4A). As shown in Figure
4B, treatment with si-RNAS targeting CKS2
resulted in significant decrease in CKS2 expres-
sion. CCK-8 assay showed that knockdown of
CKS2 reduces cell viability of Caco-2 and
SW620 cells (Figure 4C). Meanwhile, suppres-
sion of CKS2 also increased cell apoptosis as
demonstrated by increased caspase-3/7 activ-
ity (Figure 4D). As CKS2 is a member of cell
cycle dependent protein kinase subunits family,
we further tested the effect of CKS2 on the dis-
tribution of cell cycle. Expectedly, silencing of

Am J Cancer Res 2015;5(9):2708-2718
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Figure 4. Suppression of CKS2 inhibits cell proliferation and promotes cell apoptosis. (A) The mRNA expression of
CKS2 in CRC cell lines and the normal control cells. (B) Western blotting analysis of the interfere efficiency of CKS2
in Caco-2 and SW620 cells. Effects of CKS2 knockdown on cell viability (C), cell apoptosis (D) and cell cycle (E) of
Caco-2 and SW620 cells were analyzed by CCK8, caspase-3/7 activity and Pl staining, respectively. (F). The implica-
tions of silencing of CKS2 on cyclins expression. (C-F). si-Ctrl versus si-CKS2-1 or si-CKS2-2, P < 0.05, “*P < 0.01,
P < 0.001.

CKS2 resulted in cell cycle arrest at the G1/S finding, inhibition of CKS2 also resulted in
transition (Figure 4E). And consistent with this decreased expression of cyclins, including
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was measured by Western blotting. C. The effect of over-expression of CKS2 on cell invasion (pcDNA3.1-Vector

versus pcDNA3.1-CKS2, "P < 0.05, **P < 0.01).

CCNA1, CCNB1, CCNB2 and CCNE1 (Figure
4F). Taken together, these data above suggest
that CKS2 inhibits cell proliferation and increas-
es cell apoptosis and this prerequisite facili-
tates tumor growth.

CKS2 contributes to cell invasion through regu-
lating claudinl expression

To further determine the role of CKS2 in tumor
metastasis of CRC, we measured the invasive
potential of Caco-2 and SW620 cells upon si-
CKS2 treatment by Transwell model. As shown
in Figure 5A, the invaded cells in si-CKS2 group
were significantly reduced compared with si-
Ctrl group in both Caco-2 and SW620 cells. And
expectedly, over-expression of CKS2 also
remarkably promoted the invasive potential of
CRC cells (Figure 5B, 5C). To gain insight into
the molecular mechanisms underlying CKS2-
mediated pro-metastasis of CRC cells, we
focused and detected the family of tight junc-
tion protein (TJP), which play critical roles in
cancer metastasis [24]. The mRNA expression
of five TJPs including claudinl, claudin4, clau-
din7, occludinl and Z0O-1 was detected after
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CKS2 was silenced. The resulted showed that
claudin1 and claudin4 expression were reduced
by si-CKS2 treatment. Notably, alternation in
claudinl expression was most significant
(Figure 6A). Then we silenced claudinl and the
invasive potential of Caco-2 and SW620 cells
was measured. Indeed, silencing of claudinl
suppressed the invasive ability of CRC cells and
also compromised the pro-metastasis role of
CKS2 (Figure 6B). And overexpression of clau-
dinl completely recovered the invasive poten-
tial of si-CKS2 cells (Figure 6C). Collectively, the
data above indicates that CKS2 contributes to
CRC cell invasion and this effect might mediate
by altered expression of claudini.

Discussion

The CKS family, including two highly conserved
paralogs CKS1 and CKS2, has been shown to
play a regulatory role in cell cycle. Deregulation
of CKS has been demonstrated in various
human malignancies [15, 19, 25-27]. However,
limited knowledge is known about CKS2 in
CRC. In this study, we observed that CKS2 is
commonly up-regulated in both CRC cell lines

Am J Cancer Res 2015;5(9):2708-2718
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Figure 6. Inhibition of CKS2 inhibits cell invasion via down-regulating claudinl expression. A. Alternation of tight
junction protein expression was measured upon silencing of CKS2 (si-Ctrl versus si-CKS2-1 or si-CKS2-2, "P < 0.05,
P < 0.01). B. The implication of silencing of CKS2 on the invasive potential of Caco-2 and SW620 cells was de-
tected in the presence of si-claudinl treatment (‘P < 0.05, "P < 0.01). C. The effect of silencing of CKS2 on the in-
vasive potential of Caco-2 and SW620 cells was detected in the presence of reintroduction of Claudinl (*P < 0.01).

and clinical specimens compared with their
normal counterparts and predicts a poor prog-
nosis in CRC patients. Through siRNA-mediated
inhibition, we demonstrated that CKS2 contrib-
utes to the malignant phenotype of CRC cells.

Previously, we have identified that CKS2 is up-
regulated at both mRNA and protein levels in
CRC tissues compared with the adjacent non-
tumor and normal colon tissues [22]. However,
due to limited clinical specimens and also fol-
low-ups of CRC patients, the prognostic value
of CKS2 was not determined. In this study, by
analysis of a tissue microarray of 345 clinical
samples, we found that CKS2 is closely corre-
lated with tumor size and TNM stage. This
observation is consistent with the findings in
our previous reports as demonstrated by
Western blotting analysis. Meanwhile, Kaplan-
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Meier survival analysis showed that patients
with high CKS2 expression have a poor progno-
sis. In previous studies focused on gastric can-
cer [11] and esophageal squamous cell carci-
noma [15], the mRNA expression of CKS2 is an
independent prognostic factor. In line with this,
the protein expression of CKS2 is also an inde-
pendent factor in the prediction of OS rate in
CRC patients by a large scale of immunohisto-
chemical study.

In prostate cancer, aberrant expression of
CKS2 contributes to tumorigenesis by enhanc-
ing cell proliferation and inhibiting programmed
cell death [12]. In a papillary thyroid carcinoma,
miR-26a modulates tumor growth and tumori-
genesis by targeting CKS2 [13]. Consistent with
this, attenuation of CKS2 in CRC cells results in
decreased cell viability, increased cell apopto-
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sis and cell cycle arrest in current study.
However, further investigations are needed to
explore the underlying mechanisms involved in
those CKS-mediated effects. Except for tumor
growth, we also found that CKS2 facilitates
tumor metastasis by regulating cell tight junc-
tion protein claudinl. Altered tight junction
structure and increased tight junction leaki-
ness in cancer has implications for cancer pro-
gression [28, 29]. And there is a strong associ-
ation between colon neoplasia and increased
claudin-1 expression [24, 30]. Up-regulation of
claudini contributes to cellular changes, includ-
ing loss of cell polarity, abnormal cellular orga-
nization, as well as a decreased cell differentia-
tion [30]. In line with this notion, silencing of
claudini also suppresses the invasive potential
of CRC cells. Meanwhile, silencing of claudinl
also compromised the pro-metastasis role of
CKS2, whereas over-expression of claudinl
rescued the effect of si-CKS2. These cellular
functions of CKS2 may confirm the prognostic
value of CKS in CRC patients.

In conclusion, to the best of our knowledge, this
is the first time to investigate the cellular func-
tions of CKS2 in CRC cells and determine the
prognostic value of CKS2 at a large scale. The
results of our study provide evidences that
CKS2 might be a useful predictor for malignant
properties and patients’ prognosis, and sug-
gest that targeting the oncogenic activities of
CKS2 might be a novel approach for CRC
treatment.
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