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Abstract. – OBJECTIVE: Cisplatin (cis-diamminedichloroplatinum II, CDDP) is one of
the most effective chemotherapeutic agents
and is widely used in the treatment of cervical
cancer (CC), but cancer cell acquired resistance to this drug during the course of its
treatment. The aim of this study was to investigate the role of cyclin I to cisplatin resistance
in CC cell.
PATIENTS AND METHODS: Cervical tumor
specimens from 30 patients were recruited in
this study. We analyzed the expression of cyclin I by real-time polymerase chain reaction
(qRT-PCR), Western blotting examination of
downstream effectors. Cell proliferation assay
and xenograft experiments were performed for
cisplatin cytotoxicity assay. Lentivirus-mediated and siRNA-mediated genes overexpression
or knockdown were applied to investigate the
role of cyclin I to cisplatin resistance in CC
cell.
RESULTS: We found that high level of cyclin I
was associated with cisplatin resistance in CC.
Here, we described that cyclin I protein becomes highly expressed in human CC patients
resistant to cisplatin chemotherapy. Stable
overexpressed cyclin I promotes Hela cell resistance to higher concentrations of cisplatin.
In addition, upregulated level of cyclin I increased tumor cells growth in vitro and enhanced tumor resistance to cisplatin in vivo.
The further mechanism investigated showed
that cyclin I upregulated the expression of cyclin-dependent kinase 5 (Cdk5) promoting cisplatin resistance by preventing apoptosis in
CC cell line. Consistently, the cyclin I overexpressed Hela cell lines produce increased sensitivity to cisplatin treatment through knockdown of Cdk5 protein with siRNA.
CONCLUSIONS: These data suggest that a
cyclin I-Cdk5 complex forms a critical antiapoptotic factor in the process of generating cisplatin resistance in cervical cancer.
Key Words:
Cyclin I, Cisplatin resistance, Cdk5, Cervical cancer.

Introduction
Cervical cancer (CC) is the third most common cancer among females worldwide, with the
5-year survival rate is 69%1. Surgery represents
the mainstay of treatment for patients with earlystage CC, whereas radiotherapy combined with
cisplatin-based chemotherapy followed by radical surgery has been reported to significantly improve their overall survival2,3. Since patients with
locally metastatic or advanced lesions are at significant risk for recurrence, they require concurrent chemoradiation therapy4. Cisplatin is the
most active agent against CC, with a response
rate of 17-21%5. Although the overall mortality
of patients with CC has decreased over the past
few years, CC is a major cause of morbidity and
mortality in women. However, emergence of
drug-resistant tumor cell remains a major challenge in the treatment of CC. The mechanism of
cisplatin resistance is also required further study.
Cyclins were originally discovered for their role
in governing cell cycle progression and proliferation6. More recently, it has been appreciated that
cyclins may influence a wide range of additional
cellular functions, including apoptosis, hypertrophy, and differentiation. Cyclin I is the most abundant in post-mitotic tissues. Conversely to the
classical cyclins, its level does not fluctuate during
the cell cycle7,8. More recently found that upregulation of Cyclin I have been involved in cisplatinresistant9. However, the biological function of cyclin I in CC cisplatin-resistant is not known.
In this study, we have investigated the mechanisms that cyclin I play in mediating cisplatin resistance by protecting CC cell from apoptosis via
activation of Cdk5. We showed that the protective effects of cyclin I on cisplatin-induced apoptosis failure in cervical cell. Furthermore, we
have found that the protective effects of cyclin I
on cisplatin was reversed by knockdown the expression of Cdk5.

Corresponding Author: Juxin Zhang, MD; e-mail: zhangjuxinhospital@163.com

4533

R. Li, G.-Z. Liu, S.-Y. Luo, R. Chen, J.-X. Zhang

Patients and Methods
Cell Lines Culture and
Human Tissue Samples
Human cervical cancer cell lines HeLa was
procured from American Type Culture Collection (ATCC), The cells were grown in DMEM
(Dulbecco’s Modified Eagle Medium, Gibco,
Grand Island, NY, USA) containing 10% FBS
(fetal bovine serum, Sigma-Aldrich, Deisenhofen, Germany) and antibiotics (100 U/ml of
penicillin and 100 µg/ml of streptomycin). Cells
were maintained as monolayer cultures in a humidified atmosphere of 5% CO2 at 37°C. For anticancer drug treatment, cells were exposed to 5
µg/ml cisplatin for 12 h. Cisplatin was dissolved
in saline before use. After drug exposure, cells
were washed and incubated in drug-free medium
for 24 h.
Tumor specimens from 30 patients with a histological diagnosis of squamous cervical carcinoma (stage IIIB) and all tumor samples were received the standard radiation therapy with concurrent chemotherapy of weekly cisplatin 40
mg/m2. Patient included 18 chemoresistant cases
and 5 chemosensitive cases according to the
pathological and clinical characteristic. Frozen
human primary cervical tumor tissues were obtained from surgical resections in accordance
with an approved protocol from The Hospital
Cancer Center. The study was approved by the
Ethics Committee of Henan Province People’s
Hospital. Written informed consent was obtained
from each subject.

sequence verification, the pLVX-cyclin I-Puro or
empty vector pLVX-Puro together with pLp1,
pLp2 and pLp-VSVG were transfected into 293T
packaging cells by using Lipofectamine 2000
reagent (Invitrogen, Shanghai, China) according
to the manufacturer’s instruction. Lentiviruses in
the supernatant were collected and filtered
through a 0.45 µm filter. Hela cells were infected
with recombinant lentivirus units plus 6 µg/ml
polybrene (Sigma-Aldrich, Deisenhofen, Germany). The stable lentivirus infection cells were
selected and enriched by puromycin. The entire
process was conducted according to the manufacturer’s guidelines.
To determine the effect of Cdk5 on CC cell
line, siRNA were transfected into cells using
Lipofectamine 2000 reagents (Invitrogen, Shanghai, China) according to the manufacturer’s instruction.

Correlates of mRNA Data With Survival
Clinical information including patient age,
gender, treatment history, survival, and censoring
status was downloaded from The Cancer
Genome Atlas (TCGA) portal (https://tcgadata.nci.nih.gov/tcga/tcgaHome2.jsp). Survival
differences were investigated between groups of
patients with the upper and lower quartile of cyclin I expression. A Kaplan-Meier plot was produced and log-rank testing was performed with
survival data.

RNA Extraction and Quantitative
Real-Time RT-PCR
The total RNA from patient tissues and Hela
cells were extracted using TRIzol reagent (Invitrogen, Shanghai, China) according to the manufacturer’s protocol. cDNA was synthesized by
using the PrimeScript RT reagent Kit (TaKaRa,
Otsu, Shiga, Japan). The primer sequences were
listed as follows: cyclin I forward, 5′-AAAGGCCCTGGAAACTTCAT-3′, and reverse, 5′-TGTGAGGCCTACAGCTCTGC -3′; Cdk5 forward,
5′-ATTAGCAGGTTCTGGGGCTT -3′, and reverse, 5′-AATGGTGACCTCGATCCTGA -3′;
β-actin forward, 5′- CATTGTAAGAGCCAA-3′,
and reverse, 5′-TGAGGTTCGTTGTC-3′; Quantitative RT-PCR (qRT-PCR) analyses were carried out to detect mRNA expression using SYBR
Premix Ex Taq™ (TaKaRa, Otsu, Shiga, Japan),
and β-actin was used as an internal control. The
qRT-PCR reaction was performed on CFX96
Touch™ Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, USA) to quantitate the
expression levels of Metastasis Suppressor1
(MTSS1) according to the provided protocol, and
all qRT-PCR data was normalized to β-actin expression.

Transfection of Hela Cells With Cyclin I
To detect the influence of the expression of
cisplatin to cisplatin resistance to CC cell line,
the cyclin I codig sequence (CDS) was obtained
from the National Center for Biotechnology
(NCBI). The cyclin I fragment was ligated into
mammalian expression vector pLVX-Puro, after

Western Blotting
Normal and tumor tissue or Cells were lysed
by RIPA (Radio Immunoprecipitation Assay)
buffer supplemented with protease inhibitor
phenylmethylsulfonyl fluoride (PMSF) on ice,
and total proteins (10 mg/lane) were separated
on a 10% SDS-PAGE (SDS-polyacrylamide gel
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electrophoresis) gel (TaKaRa, Otsu, Shiga,
Japan) and transferred to a polyvinylidene fluoride (PVDF) membrane (Bio-Rad, Hercules,
CA, USA), after blocked with 5% nonfat milk,
the membrane was incubated overnight at 4°C
with each primary antibodies against cyclin I
(Abcam, Cambridge, UK), Cdk5 (Abcam, Cambridge, UK), activation caspase-3 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for
apoptosis assay and β-actin (ZhongShan, Beijing, China) as the loading control. Membranes
were then incubated with horseradish peroxidase-conjugated secondary antibody at 1:1000
dilution for 2 h at room temperature. Finally,
signal detection of the immunoreactive bands
was visualized by using ECL reagents (Pierce,
Rockford, IL, USA). Signal quantiﬁcation was
performed using the ImageJ program (National
Institutes of Health). The speciﬁc bands were
subjected to densitometry analysis using Quantity One software.
Cisplatin Cytotoxicity Assay
Tumor cells (5000 cells per well) were seeded
into 96-well plates and cultured for 6, 12, 18, 24
and 30 h without (Cell proliferation assay) or
with various concentrations of cisplatin. At the
indicated intervals, 20 mL of Cell Counting Kit-8
(Beyotime, Beijing, China) were added to each
well and incubated for 2 hours at 37°C. Thermo
Multiskan Spectrum Reader (Thermo Scientific,
Schwerte, Germany) was used to measure the absorbance at 540 nm.
Trypan Blue Staining Assay
Cells were stained with trypan blue as described previously10. In brief, cells were cultured
in 24-well plates; after being collected by
trypsinization and suspended in PBS with 0.2%
trypan blue (Sigma, St. Louis, MO, USA), the viable cells were counted by hemocytometer.
Tumor Implantation
All animal experiments were approved by the
Institutional Animal Care and Use Committee of
the Henan Province People’s Hospital. For
xenograft experiments, each of the 6-week-old
male BALB/c nude mice was anesthetized and
injected with 1×106 Hela cells which stably overexpressing cyclin I or negative control. For cisplatin treatment experiments, when tumors became palpable, cisplatin was intravenously injected into the tail vein of mice bearing either cyclin I expressing tumors or control vector tumors

(2 µg per injection; two injections per week).
Animals were monitored daily for weight
change. After 6 injections, tumor volume was assessed by caliper measurements using the formula (width2 × length)/2 (mm3).
Statistical Analysis
All values are expressed as means ± SD. Patients survival was analyzed with Kaplan-Meier
method, using the log-rank test for comparison.
The statistical signiﬁcance of differences between two groups was evaluated using Student’s
t-test. Analysis was performed using SPSS version 13.0 software (SPSS, Inc., Chicago, IL,
USA). Statistical significance was accepted at p
< 0.05(*), or p < 0.01 (**).

Results
Cyclin I Protein Levels are Elevated in
Cisplatin-Resistant Patients and
Correlate with Poor Patient Prognosis
Previously studies reported by applied serial
analysis of gene expression (SAGE) proﬁling of
cisplatin-resistant and sensitive cells revealed
that transcription of cyclin I was upregulated in
cisplatin-resistant cells9. To further verify this result, we analyzed the protein levels of cyclin I in
4 cisplatin-sensitive and 5 cisplatin-resistant patient tissues obtained from the hospital cancer
center. Cyclin I protein levels were significantly
elevated in the cisplatin-resistant tumor tissues
(Figure 1A, B). To further correlate the levels of
cyclin I in cisplatin-resistant cervical cancer
specimens, we conducted quantitative real-time
PCR analysis of cyclin I expression in 30 patients tumor specimens, including 18 cisplatin
tolerance and 12 sensitivities to cisplatin cases.
Cyclin I was found to be overexpressed in 18
cases of cisplatin-resistant CC patients (Figure
1C). To determine if different expression of cyclin I could be implicated in patient prognosis,
survival data from the The Cancer Genome Atlas
(TCGA database were used to evaluate the effects of cyclin I on overall patient survival. The
Kaplan-Meier survival curve of patients in the
TCGA data with high and low expression of cyclin I showed that overexpession was significantly correlated with reduced patient survival, p <
0.05 (Figure 1D). From these data, overexpression of the cyclin I was signiﬁcantly correlate
with reduced survival and cisplatin resistant in
CC patients.
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Figure 1. Cyclin I protein is overexpressed in cisplatin-resistant cervical cancer. A,-B, Cyclin I protein expression in human
cervical cancer tissues from cisplatin-sensitive and cisplatin-resistant patients. Patient identiﬁer number is noted in each panel.
Nine representative blots were depicted (A). Values presented as the mean of integrated density values cyclin I/Actin (B). C,
qPCR analysis of the mRNA expression levels of cyclin I in 30 cervical cancer patients case (18 cisplatin tolerance and 12 sensitivities to cisplatin cases). High level of cyclin I in cisplatin-resistant patients, p = 0.015. D, Human cervical cancer patient
survival is correlated with cyclin I expression. Upregulation of cyclin I correlated with poor patient survival in TCGA database. p = 0.024 for decreased patient survival with upregulated cyclin I expression.

Expression of Cyclin I was Induced by
Cisplatin and Confer Resistance
to Cisplatin
To address the important effect of cyclin I in
cervical cisplatin resistant in vitro, we utilized
the human Hela cell line. We treated Hela cells
with different concentration of cisplatin, and induction of cyclin I protein was determined by
Western blot analysis. As showed in Figure 2A,
cyclin I protein started to increase with increasing concentration of cisplatin, and at a higher
level at 6 µg/ml cisplatin. Consistent with induction of cyclin I protein, cyclin I mRNA was increased on cisplatin treatment in Hela cells (Figure 2B), which suggests that cisplatin induces cyclin I through a transcriptional mechanism. To
investigate whether cyclin I is involved in cisplatin resistance in vitro, cells were infected with
Lentivirus carrying pLVX which overexpressing
cyclin I (pLVX-cyclin I) or empty vector control
(pLVX) transfected with empty vector and were
4536

subsequently selected. The cell death was examined when the cells were incubated in medium
containing 2 µg/ml and 5 µg/ml cisplatin for 12
hours later. Hela cells expressing cyclin I
(pLVX-cyclin I) was significantly more resistant
to cisplatin than control Hela cells (pLVX) and
Hela cells (Figure 2C). Then, the cell survivals
were determined 30 hours later with exposed to 5
µg/ml cisplatin. As expected, cells expressing
cyclin I (pLVX-cyclin I) was significantly more
resistant to cisplatin treatment than cell no transfected or control cells (pLVX) (Figure 2D).
Thus, our results indicate that expression of cyclin I confers resistance to cisplatin in CC cell.
Cyclin I Promote Cervical Cancer
Resistance to Cisplatin in vivo
To test the role of cyclin I in CC growth and
cisplatin resistance in vivo, we used hela cell
models in nude mice. First, to determine the impact of cyclin I on CC cell proliferation in vivo,
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Figure 2. Cyclin I expression confers resistance to cisplatin in cervical cancer cell lines. A, The expression of cyclin I in Hela
cell treated with different concentrations cisplatin after 12 hours later, β-actin was used as loading control. B, The mRNA levels of cyclin I in hela cell after 12h treatment with cisplatin at the indicated concentrations. C, Dead cell counts were determined in Hela cells were treated with 5 µg/ml after 12 hours by using the trypan blue exclusion assay. Columns, mean; bars,
SD; *p < 0.05. D, Cells exposure to different concentration cisplatin and cell survival was measured by CCK8 assay. All experiments were repeated at least thrice.

we showed overexpressing cyclin I promote tumor cells growth compared to pLVX or Hela
cells (Figure 3A). We then inoculated mice with
cervical cell to test the cisplatin therapeutic effect in the xenograft model. Mice inoculated with
the Hela cell with overexpession of cyclin I or
empty vector were all treated with cisplatin. All
mice inoculated with overexpression of cyclin I
cell had significantly larger tumors than mice inoculated control cell (Figure 3B and C). Overexpression of cyclin I also led to a significant increase in tumor weight (Figure 3D). Thus, overexpression of cyclin I enhanced the chemoresistance of CC in vivo.
Cyclin I Activate Cdk5 and Protect
Cervical Cancer cells from Apoptosis
Recently reported that a cyclin I-Cdk5 complex forms a critical antiapoptotic factor in terminally differentiated cells11. To explore the biological mechanisms for the role of cyclin I in cisplatin resistant cells, we investigated where cyclin I confer cisplatin resistance by activated

Cdk5 protects CC cells from apoptosis. First, to
determine if cyclin I have also activated Cdk5 in
CC cell lines, as shown in Figure 4A, overexpressing cyclin I upregulated the protein level of
Cdk5. Furthermore, we compared cyclin I effect
to expression of Cdk5 in Hela cells treated with
different concentration cisplatin. We found that
the expression of Cdk5 was increased with the
expression of cyclin I via concentration dependence (Figure 4B). To test the hypothesis that activation of Cdk5 by cyclin I was necessary for
cisplatin resistance, we were inhibiting Cdk5 activity with siRNA in overexpressing cyclin I
Hela cell and detection by cleaved caspase-3 in
cisplatin explored. Cell death assay indicated that
lowering Cdk5 was more sensitive to cisplatin in
CC cells (Figure 4C). Further mechanism investigation suggested that cisplatin-induced apoptosis was inhibited by cyclin I-Cdk5 in Hela cells,
as indicated caspase-3 activity observed in Figure 4D. These data show that active Cdk5 by cyclin I was necessary to cisplatin resistance via reduce apoptosis.
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Figure 3. The in vivo effects of cyclin I on the cisplatin treated cervical cancer cells. A, Overexpression of cyclin I increased
growth rate in Hela cell lines in vitro. The growth curve comparing the rate of proliferation of Hela cells with cyclin I overexpression and control vector or Hela cells. B, Tumor volume at different time points after subcutaneous transplantation and
treated with cisplatin. Each point represents the mean ± SD of results obtained from 3 mice. C, Photographs of tumors formed
at 24 days after the subcutaneous transplantation were shown. D, Tumor weights between the pLVX and the pLVX-Cyclin I
group24 day after the subcutaneous transplantation.

Discussion

way and the up-regulated anti-apoptotic protein16. In the current study, we show that high level of
Cyclin I confers CC cell resistance to cisplatin by
activates Cdk5.
The results of the present study show that cyclin I protein was high expressing in the CC patients with resistant to cisplatin treatment, and
high levels of cyclin I was associated with poor
clinical survival (Figure 1). Our findings, therefore, consistent with several earlier studies include that elevated expression of cyclin I in ovarian cancer and in invasive human breast cancers19,20, indicating that elevated cyclin I levels
are associated with the occurrence of the tumor.
Also we founded that the expression of cyclin I
can be induced by cisplatin (Figure 2). Similarly,
cyclin I was highly upregulated gene in cisplatininduced ovarian cancer cells9. These collective
results suggest that we hypothesized the expression of cyclin I may play a key role in cisplatin18

Cisplatin binds to and causes cross-linking of
DNA and induce DNA damage, which leads either to cell cycle arrest or immediate activation of
apoptosis and killing of cancer cells12. Cisplatin
has been the standard cytotoxic agent for the treatment of advanced cervical cancer13. However, the
major limitation of cisplatin in clinical cancer
treatment is due to resistance. Studied to the
mechanism of cisplatin resistance shown that cancer cells can develop cisplatin resistance through a
variety of mechanisms, including reduced intracellular accumulation of chemotherapy drug, increased levels of glutathione, altered activation of
signaling pathways and changes in the apoptotic
cell death pathways14,15. Earlier studies have indicated that cisplatin-resistant in CC were associated
with the nucleotide excision repair gene, increase
of NFκB activation by MEK-ERK signaling path4538
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Figure 4. Cdk5 activity is required to cisplatin-resistant by decreased apoptosis. A, Western blots detection of the expression
of Cdk5. The increase expression of Cdk5 in overexpressing cyclin I (pLVX-cyclin I) compared with control (pLVX) in Hela
cells. B, The expression of cyclin I and Cdk5 can be induced by different concentration cisplatin. C, siRNAs silenced Cdk5
expression and restored the chemosensitive of Hela cells transfected with the cyclin I. Significant differences were observed in
silenced Cdk5 by trypan blue exclusion assay (p < 0.05). D, Western blot analysis indicated that silenced Cdk5 enhanced the
cisplatin-induced apoptosis as showed the upregulated expression of caspase-3 activity in pLVX-Cyclin I Hela cells.

resistant patients. Consistent with the expected,
we found that overexpression of cyclin I confers
resistance to cisplatin in CC cell lines (Figure 2).
It is believed that cyclin I has no role in regulating cell proliferation because cyclin I is expressed at high levels in post-mitotic tissues, and
its level does not fluctuate during the cell cycle8,21,22. However, in the current study, cell proliferation and tumor growth indicated that upregulated levels of cyclin I promote cell proliferation in vitro and promote the tour grow in treated
with cisplatin in vivo (Figure 3). This observation
agrees that higher cyclin I was significantly correlated with ovarian cancer cells proliferative activity19. There was a trend suggesting cyclin I
plays a critical role in cisplatin resistant in CC.

The mechanistic basis for the association between high cyclin I level and cisplatin resistance
will require further investigation. It was reported
that cyclin I may be post -transcriptionally regulated by ubiquitination23 and dysregulation of
ubiquitin-mediated degradation of cyclin I may
be related to aberrant cell cycle regulation and/or
resistance to apoptosis, which are characteristic
of invasive breast and other tumors 20. In this
study, we discovered activity Cdk5 regulated by
cyclim I was required in the cisplatin resistance
CC (Figure 4).
Cdk5 is a unique member of a small
serine/threonine cyclin-dependent kinase family24. Cdk5 has versatile biological functions in
cells discovered in recent decades. CDK5 is acti4539
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vated by the association with obligate CDK5specific activator proteins, p35, p3925, and p6726.
Cdk5/p35 and p25 are novel players in digoxintriggered prostate cancer cell apoptosis27. p35 as
an activator of Cdk5 protects podocytes against
apoptosis in vitro and in vivo22. Moreover, cyclin
I as a novel regulator of Cdk5 reduce apoptosis
was reported in neurons28. Cyclin I also be reported protects podocytes from apoptosis21. In
our study, Cdk5 was activated by cyclin I and increased Cdk5 expressing was observed in CC
cell line with cisplatin treatment. To investigate
the role of Cdk5 in cisplatin-resistant, Cdk5 was
inhibited by using siRNA. The results indicated
that Cdk5 was necessary in cisplatin resistance
caused by cyclin I in CC cell line (Figure 4). Further investigation was focused on how Cdk5 result of cisplatin-resistant.

Conclusions
We provided evidence that cyclin I-Cdk5 confer CC cell resistance to cisplatin. We have also
demonstrated the expression of cyclin I level associated with patient survival. It is noteworthy
that Cdk5 activity by cyclin I was necessary to
confer cervical cell resistance to cisplatin. These
results indicated that the cyclin I may become a
novel target for anticancer therapy.
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