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Abstract
CIP2A is a well-known oncoprotein whose expression is elevated in multiple human solid tumor
types. However, its role in renal cell carcinoma (RCC) development is poorly understood. Thus, in
our present study, we used the renal cancer cell lines 786-O, A498 and CAKI-1 and the renal
epithelial cell line HK-2 to clarify the function of CIP2A in RCC. We found that CIP2A expression is
much higher in the RCC cells than in the normal renal epithelial cell. Lentivirus covered coding
region CIP2A cDNA sequence and CIP2A siRNA were used to up and down regulate CIP2A
expression in vitro. We found that overexpression of CIP2A promoted G1/S transition and cell
proliferation. In addition, up-regulation of CIP2A significantly enhanced the invasion and migration
capabilities of the cells. Furthermore, CIP2A promoted epithelial-mesenchymal transformation
(EMT) and chemoresistance to cisplatin in RCC cells. Taken together, our findings demonstrate that
CIP2A plays an important role in proliferation, invasion and chemoresistance to cisplatin in RCC
cells. CIP2A may serve as an ideal molecular target for RCC therapeutics.
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Introduction
Renal cell carcinoma (RCC) refers to cancer that
originates from the renal epithelium. RCC accounts
for more than 90% of cancers of the kidney.
Clear cell RCC (ccRCC) is the most common form of
RCC and accounts for most cancer-related deaths [1].
Surgery remains the primary treatment approach for
localized RCC. Approximately 30% of patients
eventually develop metastases after nephrectomy for
localized RCC [2]. However, routine treatments for
RCC, namely, chemotherapy, are ineffective.
Although cisplatin has proven efficient in treating
many types of tumors [3], RCC is not sensitive to
chemotherapy. Response rates for chemotherapy
alone are low (approximately 4% to 6%)[4]. Thus,
there is an urgent need for novel RCC treatment
targets, further explorations of the mechanistic basis
of RCC at the molecular level are needed.
Cancerous Inhibitor of PP2A (CIP2A) is a newly

discovered oncoprotein. It can directly interact with
the oncogenic transcription factor c-myc, inhibits
PP2A activity towards c-myc serine 62 (S62), and
thereby prevents c-myc proteolytic degradation [5]. In
several human cancers, including gastric cancer and
hepatocellular carcinoma, CIP2A expression is much
higher in the tumor tissue than in the surrounding
normal tissue [6, 7]. In our previous study[8], we also
found that CIP2A was also overexpressed in
RCC.CIP2A plays an important role in tumor
growth[5].In
addition,
several
studies
also
demonstrated that CIP2A knockdown can enhance
the sensitivity of certain types of cancer cells to
chemotherapeutic drugs [9, 10]. However, the
molecular biological function and the underlying
mechanisms of CIP2A in RCC remain unclear.
In this study, we found that the expression of
CIP2A is positive correlated with proliferation,
http://www.jcancer.org
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invasion and chemoresistance to cisplatin in RCC
cells.

Materials and methods
Materials and Cell culture
The 786-O, A498, CAKI-1 and HK-2 cell lines
were obtained from American Type Culture
Collection (Manassas, VA, USA). The 786-O cells were
cultured in RPMI1640 (HyClone, Logan, UT, USA)
containing 10% fetal bovine serum (FBS) (Gibco,
Grand Island, NY), and the A498 cells were cultured
in MEM with Earle’s Balanced Salts and 1% NEAA
containing 10% FBS. CAKI-1 and HK-2 cells were
cultured in Dulbecco's Modified Eagle Medium:
nutrient mixture F-12 (DMEM/F12; HyClone)
containing 10% FBS (Gibco). PI3K inhibitor LY294002
(Sigma, St Louis, MO, USA) was used to block
PI3K-AKT signal pathway. Cells were treated for
24 hours with LY294002 at a concentration of 40 μM.

Small interfering RNA (siRNA) transfection
The CIP2A-targeting siRNA and control siRNA
were purchased from Genepharma (Genepharma,
Shanghai, China). The sequence of the CIP2A siRNA
was 5'-GACAACUGUCAAGUGUACCACUCUU-3'.
The sequence of the siRNA for negative control was
5’-UUCUCCGAACGUGUCACGUTT-3’. Cells were
transfected with either the CIP2A siRNA or control
siRNA using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions.

Lentivirus transfection
A lentivirus (Genechem, Shanghai, China)
covered coding region CIP2A cDNA sequence was
used to establish RCC cell lines with overexpression
of CIP2A.The GV492 vector contained the elements
Ubi-MCS-3FLAG-CBh-gcGFP-IRES-puromycin.RCC
cells was transfected with Enhanced Infection
Solution (Genechem) and polybrene(Genechem)
following the manufacturer's instructions. After 8 h of
incubation, the transfection medium should be
change to complete medium.

Chemicals
After siRNA and lentivirus transfection, RCC
cells were treated with cisplatin (Sigma, St Louis, MO,
USA) respectively. Considering RCC cell lines were
differently sensitive to cisplatin [11, 12], RCC cell lines
were treated with different concentrations cisplatin
before performed CCK-8 assay and western blotting
analysis.

Immunofluorescence
Cells were cultured on glass slides in 24-well
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plates. According to the protocol, the cells were
washed with PBS and fixed in 4% formaldehyde for 30
mins. The cells on the coverslips were permeabilized
with 0.5% Triton X-100 and blocked with normal
serum. The cells were then incubated with the
anti-CIP2A antibody (1:100) overnight at 4°C and
incubated with the FITC-conjugated goat anti-rabbit
secondary antibody for 1 h at 37°C. Nuclei were
stained with DAPI, which is shown in blue.

Western blotting analysis
Cells were harvested and lysed in RIPA buffer
containing PMSF (Phenylmethanesulfonyl fluoride,
Beyotime). After centrifugation at 10,000×g for 15 min
at 4°C, the protein concentrations of the supernatants
were determined using the BCA method, and the
supernatants were stored at -80°C. Antibodies against
CIP2A, Akt, P-Akt (Abcam, Cambridge, UK), and
β-actin, Tubulin, Cyclin E, P-Rb, Cyclin D1,
E-cadherin, and Vimentin (CST Danvers, MA, US)
were used to detect the expression of corresponding
proteins. Protein (30 μg) was separated by SDS–PAGE
and transferred onto a PVDF membrane (Millipore,
Bedford, Massachusetts, USA) using a semi-dry
blotting apparatus (Bio-Rad, Hercules, CA, USA).
After blocking with 5% non-fat milk at room
temperature for 1 h, the membrane was incubated
with primary antibodies overnight at 4 °C. After
washing the membrane in TBST three times,
secondary antibodies conjugated with HRP were
applied for 2 h at room temperature. Protein bands
were visualized by enhanced chemiluminescence
(Millipore).

EdU and colony formation assays
A Cell-Light EdU Apollo567 In Vitro Kit
(RiBoBio, Guangzhou, China) was used for the EdU
assays. In brief, cells (1×104) were seeded into 96-well
plates and treated with lentivirus or siRNA. After
incubation with 50 μM EdU for 2 h at 37 °C, the cells
were fixed in 4% formaldehyde for 30 min and
permeabilized with 0.5% TritonX-100 for 10 min at
room temperature. Then washed the cells with PBS,
1× ApolloR reaction cocktail (100 μl) was added to
react with the EdU for 30 min. Subsequently,
Hoechest33342 (100 μl) was added for 30 min to
visualize the nuclei. The prepared samples were then
examined by fluorescence microscopy. For the colony
formation assays, 1000 cells treated with siRNA or
lentivirus were seeded in 6-well plates. After 10 days,
the cells were stained with 0.1% crystal violet and
photographed and we counted the number of cell
clones (consist of 50 cells or more).

Cell cycle analysis by flow cytometry
To determine the effect of CIP2A on the cell
http://www.jcancer.org
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cycle, both 786-O and A498 cells were treated with
either CIP2A siRNA or control siRNA. After the
treatment, the cells were harvested, washed twice
with ice-cold PBS, and fixed with ice-cold 75%
ethanol. Cells were incubated in a solution containing
propidium iodide (PI) for 1 h at 4°C. The cell cycle
distribution was analysed by flow cytometry.

Transwell assay
Invasion chambers were obtained from
Corning(Corning Costar, Lowell, MA, USA). Each
well was coated with 10 µl of basement membrane
(Matrigel, BD Biosciences, NJ, USA) and mixed with
50 µl of serum-free medium; the wells were then used
for in vitro invasion assays. Cells (1×105) were
suspended in 100 µl of serum-free medium and added
to the upper chamber; 500 µl of medium containing
20% FBS was added to the lower chamber. The
invasion chambers were then incubated at 37°C for 24
h. After incubation, the inserts and cells on the upper
side of the filter were removed. The filters were fixed
and stained in accordance with the manufacturer's
instructions. Cells that had invaded the underside of
the filter were counted. Each experiment was repeated
three times. Migration assays is similar to invasion
assay except upper chambers without basement
membrane. After incubation at 37°C for 8 h, the upper
chambers were used in migration assays. The rest of
assay was performed as the invasion assay.

CCK-8 assay
Cell vitality was estimated via a CCK-8 assay
that used cells in the logarithmic growth phase. Cell
suspensions (4000 cells/well) were added to 96-well
plates at a volume of 200 µl/well. After 1 day, samples
were treated with various concentrations of cisplatin.
For each group, four parallel wells were prepared and
incubated at 37°C and 5% CO2 for 24 h. At the end of
the culture period, 10 µl CCK-8 was added to each
well. After incubation for 2 h, absorbance was
measured at 450 nm using a microplate reader.
Inhibition of cell growth was calculated using the
formula supplied in the assay instructions. Each
group was tested to determine cell vitality at different
times.

Statistical analysis
Statistical analyses were performed with SPSS
20.0 (IBM, USA) and GraphPad Prism 7 (GraphPad
Software, USA). A two-tailed Student’s t-test was
used to determine statistically significant differences
between treatment and control values. Two-way
anova was used for analysis of CCK-8 assay results.
(*P<0.05, **P<0.01). All data are presented as the
mean±SD of three independent experiments.
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Results
The effects of CIP2A on proliferation of HK-2
cells and RCC cells
We visualized CIP2A expression by immunefluorescence. Although CIP2A expression was
observed in both cell lines (Figure S1), CIP2A
expression in HK-2 is much weaker compared to RCC
cells. By western blot analysis, it is also confirmed that
the expression of CIP2A is dramatically upregulated
in RCC cell lines (786-O, A498 and CAKI-1) compared
to the normal renal epithelial cell line HK-2(Figure 1A
and 1B).The RCC cell groups with the CIP2A siRNA
showed decreased CIP2A protein levels by Western
blotting (Figure. 1C).After transfection with
lentivirus, over-expression of CIP2A in HK-2 was
confirmed by Western blotting (Figure. 1C).Our
previous study indicated that the high CIP2A
expression level was correlated with a poor prognosis
[8]. To investigate the relationship between CIP2A
and renal cancer cell proliferation, both the EdU and
colony formation assays were performed. The EdU
assay was considered a sensitive and specific
evaluation method for the assessment of proliferation.
We used CIP2A siRNA to perform a loss-of-function
assay. As shown in Figure 2A, the rate of proliferative
cells in the CIP2A siRNA-treated groups was clearly
decreased compared with the control siRNA treated
group. To further confirm the function of CIP2A in
proliferation, we then performed a gain-of-function
assay in HK-2 cell line by transfecting lentivirus. The
results indicated that upregulation of CIP2A
promoted the proliferation of HK-2 cells.In colony
formation assays, both loss-of-function and
gain-of-function assays also revealed that CIP2A
promote proliferation in renal cell lines in vitro
(Figure. 2B).

Association between the expression of CIP2A
and cell cycle in HK-2 cell line and RCC cell
lines
Flow cytometry were performed to test whether
the CIP2A could affect the cell cycles of the renal
cancer cell lines. The percentage of cells in the G1
phase was increased and proportion of cells in the S
phase was decreased with the CIP2A knockdown.
Meanwhile, up-regulation of CIP2A promoted G1/S
transition in HK-2 cells. This indicated that CIP2A
might regulate cell cycle at the G1/S phase in RCC
cells and HK-2 cells (Figure. 3A, 3B). However, the
percentage of cells in the G2 phase was not apparently
changed on flow cytometry. During the G1/S
transition, retinoblastoma protein (pRb) could be
phosphorylated by complex contains cyclin D1 or E
and cyclin-dependent kinases (cdks) [13]. Both cyclin
http://www.jcancer.org
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E-cdk2 complexes phosphorylation and cyclin
D-cdk4/6
complexes
phosphorylation
are
indispensable for activation of pRb. The pRb acts to
constrain the G1/S transition in mammalian cells.
[14]. By western blotting test, we found that
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expression of CIP2A was positively correlated with
the expression of Cyclin D1, Cyclin E and pRb (Figure.
3C).Taken together, CIP2A might regulated cell cycle
at G1-S phase.

Figure 1. Expression of CIP2A in renal cell line. (A), (B): Expression of CIP2A protein in renal cells. (C). Representative Western blotting showing changes of CIP2A
in the protein levels after siRNA or lentivirus transfection.

Figure 2. Depletion of CIP2A inhibits cell growth in RCC cells, whereas CIP2A overexpression demonstrates promotion of cell proliferation in HK-2 cells by EdU
cell proliferation analysis and colony formation assays. (A): Representative profiles of Edu cell growth in renal cells after CIP2A knockdown or CIP2A up-regulation.
Rate of EdU-positive cells in S phase. (B): Effects of CIP2A alteration on the colony formation of renal cells. The data expressed as the mean ± SD. (*p < 0.05,
**P<0.01).
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Figure 3. CIP2A regulates cell cycle progression at the G1-S phase transition. (A), (B): Cell cycle flow cytometry identified G1/S arrest when CIP2A was knockdown
in RCC cells. Up-regulation of CIP2A promoted G1/S transition in HK-2 cells. (C). Western blotting of G1/S-related proteins verified that CIP2A regulates the G1/S
phase transition of renal cells. (*p < 0.05, **P<0.01).

CIP2A promotes invasive and migratory
capabilities in renal cell lines
The transwell assay was then performed to test
the invasive and migratory capabilities of renal cell
lines (Figure. 4A). The results demonstrated that high
level of CIP2A could promotes invasion and
migration capabilities of RCC cells. Knockdown of
CIP2A could impair both cell migration and invasion
of RCC cells.Although depletion of CIP2A didn’t
significantly inhibit the migration and invasion of
HK-2 cells, up-regulation of CIP2A could markedly
enhance the invasive and migratory capabilities of
HK-2 cells.

CIP2A was linked to the sensitivity to cisplatin
and EMT progression in RCC cells
Since CIP2A knockdown can enhance the

sensitivity of certain types of cancer cells to
chemotherapeutic drugs [9, 10], we speculated that
CIP2A might play a role in resistance to cisplatin in
RCC. We treated RCC cells with different
concentrations of cisplatin, and investigated the
inhibition rates in different cell lines (Figure. 5). We
found that knockdown of CIP2A made cisplatin
chemotherapy more effective in RCC cells, while
overexpression of CIP2A significantly enhanced
chemoresistance to cisplatin in RCC cells. In western
blotting assays, we found CIP2A levels increased in a
dose-dependent manner in both types of cells when
treated with cisplatin (Figure. 6A). By contrast, more
mesenchymal-like phenotype exhibited when RCC
cells treated with higher dose of cisplatin (Figure. 6A),
therefore our results indicate that CIP2A might relate
to EMT progression and sensitivity to cisplatin in
RCC cells.
http://www.jcancer.org
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Figure 4. CIP2A regulates the invasion and migration ability of renal cancer cells. (A): Invasion and migration of RCC cells was inhibited after treated
with CIP2A siRNA. Up-regulation of CIP2A can enhance the invasive and migratory ability of renal cells. (*p < 0.05, **P<0.01).

CIP2A affected the progression of EMT and
phosphorylation level of Akt in renal cancer
cell lines
Lentivirus covered coding region CIP2A cDNA
sequence was used to establish cell lines with CIP2A
overexpression, and the overexpression efficiency was
determined by western blotting. To clarify
relationship between CIP2A expressions and EMT,
we evaluated the expressions of EMT related proteins
after CIP2A up-regulated or down-regulated in RCC
cell lines (Figure. 6B). The results showed that the

EMT progression was blocked by knockdown of
CIP2A. The overexpression of CIP2A could effectively
enhance the progression of EMT. The results of
western blotting showed that either LY294002 or the
CIP2A siRNA could suppress the expression of P-Akt
(Figure. 6C). Besides, when both LY294002 and the
CIP2A siRNA were used, the inhibitory effect was
significantly enhanced, implying that CIP2A could
regulate the phosphorylation levels of Akt
independent of PI3K-AKT pathway in renal cancer
cells.
http://www.jcancer.org
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Figure 5. CIP2A promoted chemoresistance to cisplatin in RCC cells. Chemoresistance impaired by CIP2A knockdown. (*p < 0.05, **P<0.01).

Discussion
CIP2A is a known oncoprotein in human
malignancies. In our previous study, we found that
the CIP2A immunostaining level was positively
correlated with the primary tumor stage, lymph node
metastasis, distant metastasis, TNM stage and
histological grade[8]. However, the mechanism of
action of CIP2A in renal cancer cells remains
unknown. In the present study, we found that
expression of CIP2A was positively correlated with
proliferation, invasion and chemoresistance to
cisplatin in RCC cells.
EdU and colony formation were performed to
evaluate function of CIP2A in regulating RCC cells
proliferation. Our study revealed that knockdown of
CIP2A could impair the proliferation of RCC cells.
Moreover, cells with overexpression CIP2A exhibited
more growth ability than control group. All the
results indicate that CIP2A could mediate renal cancer
cell growth. Similar to our data, several literatures
reported that CIP2A had a closer relationship with
proliferation in different cancer cells [15, 16]. Cell
cycle disorganization could lead to an uncontrolled
cellular proliferation[17]. In this study, we found that
CIP2A depletion caused a significant triggered G1-S
arrest in RCC cell lines, whereas overexpression of
CIP2A in HK-2 cell line markedly promoted G1-S
transition. Similar with our find, the G1/S arrest after
CIP2A depletion has also been noted in cervical
cancer [18]. DNA synthesis during S phase is required
for cell proliferation. The transition from G0/G1 to
S-phase could restart proliferation in quiescent

mammalian cells. Cyclin D1 was proved to be a
critical target of proliferative signals in G1[19]. Cyclin
D1 and E exhibit different roles at the pRb node [13].
The pRb play a key role in transition of G1-S phase in
mammalian
cells.
In
this
present
study,
the change of CIP2A
expression and G1-S
phase
related protein (Cyclin D1, Cyclin E and pRb)
levels have a positive correlation. Taken together, this
could indicate that CIP2A might regulate cell
proliferation by controlling G1-S phase transition of
the cell cycle.
A wide range of studies reported that the AKT
signaling pathway is frequently aberrantly activated
in many human cancers [20, 21]. The AKT signaling
pathway also plays critical roles in regulating cellular
growth and proliferation [22]. In western blotting
assay (Figure 6B), we found that over-expression of
CIP2A promoted the expression of P-Akt. To evaluate
how CIP2A affect P-Akt, LY294002 was used to block
PI3 kinase-dependent Akt phosphorylation.LY294002
is a highly selective inhibitor of phosphatidylinositol 3
(PI3) kinase. In this study, when both LY294002 and
the CIP2A siRNA were used (Figure 6C), the
inhibitory effect was significantly enhanced,
indicating that CIP2A could affect expression of P-Akt
independent PI3K/AKT signaling pathway. Similar
to the results of our study, a research by Chen KF et al
[6]demonstrated that CIP2A could increase the
expression of P-Akt by negatively regulating Akt
related PP2A activity in hepatocellular carcinoma
cells. Considering all above results, CIP2A could also
exhibits its proliferative effects by regulating
phosphorylation levels of Akt in renal cancer cells.
http://www.jcancer.org
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Figure 6. CIP2A affected the progression of EMT and phosphorylation level of Akt in RCC cell lines. (A). Impact of different concentrations cisplatin on CIP2A
expression and EMT marker expression. (B). Cells with CIP2A overexpression exhibited more mesenchymal-like phenotype. Changes of CIP2A accompanied with
variation of P-Akt expressions. (C).After cells were treated with CIP2A siRNA and/or LY294002 for 72 h, the levels of P-Akt were analysed by western blotting with
β-actin as a control. (*p < 0.05, **P<0.01).

Our results demonstrated that CIP2A plays an
important role in regulating the invasion and
migration capabilities of renal cell lines. The EMT
progression was considered as an important factor in
invasion and subsequent metastasis in many cancers
[23, 24]. EMT progression also is an irreplaceable part
in metastasis of renal cancer[25]. Some studies
showed clearly that the activation of the Akt pathway

contributes to EMT progression and cancer cell
motility [26, 27]. We have already found that CIP2A
positively regulated P-AKT level. In addition, we also
found that down-regulation of CIP2A could inhibit
the progression of EMT in renal cancer cells, whereas
up-regulation of CIP2A could induce EMT. Thus, we
speculate that CIP2A promotes RCC cell migration
and invasion, probably through modulating P-AKT
http://www.jcancer.org
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level and EMT progression. However, the underlying
interaction between proteins still needs further study.
Most RCCs are refractory at the start of
chemotherapy[28]. For this reason, chemotherapy is
not recommended as the first-line therapy for RCC.
Evidence has suggested that CIP2A is associated with
drug sensibility in multiple tumors [29, 30]. However,
there has remained a lack of research regarding the
relationship between CIP2A and cisplatin in renal
cancer. In this work, CIP2A levels were founded
increased in a dose-dependent manner in both types
of cells when treated with cisplatin. Furthermore,
upon treatment with cisplatin, greater cisplatin
sensibility was observed in cells with CIP2A
down-regulation than in control cells. RCC cells lines
with
CIP2A
overexpression
manifested
greater resistance to cisplatin than the corresponding
control cells. A wide range of researches have
demonstrated that inhibition of P-Akt probably is an
ideal strategy to treat variety types of cancer which
resistance to cisplatin. [31-33]. Furthermore, recent
studies have indicated that EMT accompanies
platinum drug resistance in various cancer types[34].
In this study, we found that RCC cells treated with
high dose of cisplatin expressed more mesenchymal
marker protein than cells treated with low dose of
cisplatin. These suggest that EMT pathway might
involve in cisplatin resistance. C-myc was also been
proven to play an important role in chemoresistance
to cisplatin [35, 36]. Oncoprotein CIP2A could affect
EMT pathway and expression of P-Akt by virtue of its
control on PP2A and MYC stabilization in many
cancer cells [8, 37]. Considering all the related
research and our study, we concluded that CIP2A
might promote resistance to cisplatin in RCC cells by
regulating EMT progression, the level of P-Akt or
c-myc. The underlying mechanism of this
chemoresistance still needs to be investigated.

Conclusion
Taken together, our study firstly provided a
functional analysis of CIP2A in renal cancer cells. For
the first time, we revealed that CIP2A enhanced
resistance to cisplatin in RCC cells. Moreover, CIP2A
regulates cell proliferation and cell cycle of RCC cells.
In addition, CIP2A promotes RCC cell migration and
invasion probably through modulating P-AKT
expression and EMT progression. In conclusion,
CIP2A may serve as an ideal molecular target for RCC
therapeutics. However, further studies should be
done to unravel the efficacy of CIP2A as a therapeutic
target in vivo.
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