Cellular Physiology Cell Physiol Biochem 2013;32:1528-1540 ogg,r,gggcess

. . DOL 10.1129/0002326200 © 2013 S. Karger AG, Basel
and B|0Chem|stry Published online: November 28, 2013 www.karger.com/cpb 1528
Accepted: October 23, 2013 1421-9778/13/0325-1528$38.00/0

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to
the online version of the article only. Distribution permitted for non-commercial purposes only.

Original Paper

Potential Molecular Mechanisms for
Improved Prognosis and Outcome with
Neoadjuvant Chemotherapy Prior to
Laparoscopical Radical Hysterectomy
for Patients with Cervical Cancer

Hongzan Sun? Jun Xin® Zaiming Lu® Ning Wang® Ning Liu®> Qiyong Guo?®

2Department of Radiology, Shengjing Hospital of China Medical University, Shenyang, ®PDepartment of
Gynecology and Obstetrics, Shengjing Hospital of China Medical University, Shenyang, Liaoning, China

Key Words
Cervical cancer « Neoadjuvant chemotherapy (NAC) « miRNAs « miR-34a « miR-605 « p53
E2F « Mdm2 « Cisplatin « Paclitaxel « Carboplatin « ERK1/2 « TAB1

Abstract

Background: The p53:miR-34a:E2F positive feed-forward loop and the p53:miR-605:Mdm?2
positive feed-back loop have been identified to be crucial oncogenesis/tumor suppressor—
regulating signaling pathways. In this study, we sought to examine the hypothesis that
neoadjuvant chemotherapy (NAC) is a better approach with improved prognosis and
outcomes after laparoscopical radical hysterectomy (LRH) on patients with cervical cancer and
to elucidate the potential roles of the p53:miR-34a:E2F1 and the p53:miR-605:Mdm2 signaling
pathways in this therapy. Methods: Twenty-one patients with stage IIB cervical cancer were
recruited to this study and they were randomly divided into two groups: LRH (n=10) and
NAC+LRH (n=11) groups. The NAC+LRH group consisted of 4 cycles of cisplatin, paclitaxel
and carboplatin. Complication rates and NAC outcomes (tumor size changes, 2-year disease-
free survival rate, and 2-year overall survival rate) were compared between the two groups.
Expression of p53, Mdm2, E2F1, miR-34a, and miR-605 at mRNA and protein levels from the
tumor tissues was analyzed. Results: We observed that the diameter of tumors following
chemotherapy was substantially smaller in the NAC+LRH patients than in LRH patients. No
recurrence or metastasis after surgery was observed in the NAC+LRH patients, whereas 2
out of 10 LRH patients had recurrences and 1 had metastasis. The 2-year disease-free and
overall survival rates were apparently higher in the NAC+LRH group than in the LRH group.
Furthermore, molecular biology analyses revealed that the protein and mRNA levels of p53
were both markedly increased in patients who received NAC than those who did not, and
oppositely, the levels of E2F1 and Mdm2 were significantly lower in the NAC+LRH patients
than in the LRH patients. The levels of miR-34a and miR-605 were considerably higher with
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NAC relative to without NAC. Among the three anti-cancer drugs included in NAC, cisplatin
was found to be the main component that caused increases in p53 protein levels, miR-34a and
miR-605 miRNA levels, and decreases in Mdm2 and E2F1 protein levels. Furthermore, ERK1/2
inhibitor U0126 or TAB1 siRNA mitigated these changes induced by cisplatin. Conclusion:
These findings not only indicate NAC as a rational approach for better treatment of cervical
cancer with improved therapeutic outcomes, due partly to the ability of cisplatin to promote
the p53:miR-34a:E2F1 positive feed-forward loop and the p53:miR-605:Mdm2 positive

feedback loop.
Copyright © 2013 S. Karger AG, Basel

Introduction

Cervical cancer is one of the most common tumors in women with incidence ranking
firstin female reproductive tract tumors and mortality rate ranking second in various female
malignant tumors [1-3]. On a global scale, approximately 500,000 new cases of cervical
cancer are reported every year and about 230,000 of them die of this malignancy annually.
Histologically, cervical cancer can be divided into squamous cell carcinomas (SCCs; ~80%
of cases) and adenocarcinomas (AdCAs; ~5-20% of cases) [4, 5]. Cervical cancer develops
through progression from normal cervical epithelium through squamous intraepithelial
lesions (SIL) to invasive cancer, which is caused by a persistent infection by the human
papillomavirus (HPV). The HPV E6 oncoprotein binds to the tumor suppressor gene
product p53, promoting its degradation to reduce its level and activity [6-10]. Consistent
with the E6 function of the high-risk HPV types, the majority of cervical cancer cells have
a wild-type p53 gene, but the protein levels are strongly decreased.

In developed countries, the majority of patients present with stage I cervical cancer,
whereas in developing countries, ~80-90% of cervical cancer patients are at stage I1I-1V [11,
12]. Stage IB-IIB cervical cancer appears to have a relatively favorable prognosis; however the
rate of treatment failure remains as high as 20%. The survival rate with early stage cervical
cancer after radical hysterectomy and pelvic lymphadenectomy depends on the presence
or absence of several poor prognostic pathologic risk factors. In order to reduce the risks of
recurrence, progression or death, neoadjuvant therapy is recommended for these patients
[13-16].

MicroRNA (miRNA) signaling pathways have recently been shown to play a critical role
in human cancer genesis and progression. Among many miRNAs, the p53:miR-34a:E2F1
positive feed-forward loop [17-19] and the p53:miR-605:Mdm?2 positive feed-back loop
[20-22] have been identified to be rather aggressive oncogenic signaling pathways in a
number of cancers. miR-34 has recently been identified as a direct transcriptional target
of p53 [17-19], and downregulation/inactivation of p53, as in the setting of cervical
cancer, downregulates miR-34 that in turn increases expression of oncoprotein E2F1 via
derepression so as to promote cancer cell proliferation and enhance resistance to apoptosis.
On the other hand, in cancers with wild-type p53 status as in cervical cancer, the function
of p53 is also inhibited through direct interaction with Mdm2 oncoprotein, a negative
feedback loop to limit the function of p53. In response to oncogenic stimuli, p53 escapes the
p53:Mdm2 negative feedback to accumulate rapidly to induce cell cycle arrest and apoptosis.
A recent study revealed that miR-605 acts to interrupt p53:Mdm2 interaction to create a
positive feedback loop aiding rapid accumulation of p53 to facilitate its function in response
to cellular stress via repressing Mdm2 expression [22]. Clearly, enhancing the p53:miR-
34a:E2F1 positive feed-forward loop and the p53:miR-605:Mdm?2 positive feed-back loop
should improve anti-cancer therapy.

In this study, we sought to examine the hypothesis that neoadjuvant chemotherapy (NAC)
is a feasible and safe approach with improved prognosis and outcomes after laparoscopical
radical hysterectomy (LRH) on patients with high and intermediate risk stage I1IB cervical
cancer and to elucidate the underlying molecular mechanisms, or more specifically, the
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potential roles of the p53:miR-34a:E2F1 positive feed-forward and the p53:miR-605:Mdm?2
positive feed-back signaling pathways.

Materials and Methods

Ethics Statement

All patients agreed to participate in the study and gave written informed consent. This study was
approved by the medical ethics committee of Shengjing Hospital of China Medical University and complied
with the Declaration of Helsinki.

Case selection

A total of 21 patients (average age 45.4, range 33-64) were enrolled between January 2009 and
June 2010 in Shengjing Hospital of China Medical University for the current study. All patients underwent
physical and gynecologic examination, abdominal and pelvic computed tomography (CT) and/or magnetic
resonance imaging (MRI) before NAC. The patients were diagnosed with IIB cervical cancer, according to the
2000 FIGO criteria (International Federation of Gynecology and Obstetrics) [18], and cervical local lesion
size was measured by magnetic resonance imaging (MRI). These patients had bulky cervical cancer and
were treated with NAC (paclitaxel combined with carboplatin systemic chemotherapy and cervical local
injection of cisplatin). Initial treatment and diagnoses of the patients were confirmed by cervical biopsy
prior to surgery.

NAC & LRH

The patients were randomly divided into two groups: LRH (n=10) group and NAC+LRH (n=11) group.
The NAC+LRH group was treated with NAC drugs as one treatment course: cisplatin (20 mg, cervical local
injection) on day 1 and day 4, paclitaxel (Nanjing Sike Pharmaceutical Co., Ltd.; Nanjing, China) (150 mg/
m?intravenous infusion) on day 2, and carboplatin (i.v.,, AUC=5) on day 3. The treatment course was repeated
every 4 weeks. Following NAC, laparoscopic radical hysterectomy (LRH) with pelvic lymphadenectomy was
performed. Adjuvant irradiation was given to patients with negative lymph nodes and one or more surgical
pathological risk factors (deep stromal invasion, lymph-vascular space involvement, grade 3 differentiation,
maximum tumor diameter >4 cm and adenocarcinoma histotype).

Evaluation of NAC

Gynecological examination was carried out prior to each chemotherapy course to assess the lesion
development and stage progression. Re-examination of MRI was performed prior to therapy in order to
evaluate the efficacy of chemotherapy. The efficacy of NAC was evaluated according to the WHO evaluation
criteria: (1) complete remission (CR): tumor disappeared completely with no lymph node metastasis; (2)
partial remission (PR): at least 50% tumor shrinkage; (3) stable disease (SD): tumors shrank by <50%
or enlarged by <25%; (4) progression disease (PD): tumors enlarged by >25% or there was a new lesion.
Possible side-effects were continuously monitored during chemotherapy and were evaluated according to
the standard of chemotherapy toxic response issued by the World Health Organization (WHO).

Follow-up

Out-patient follow-up was carried out in all 21 patients, once every three months after the first year of
therapy. Follow-up consisted of gynecological examination, vaginal stump brushing cytology examination,
pelvic B-us, B-us examination of kidneys, ureters and bladder, and chest examination.

Surgical specimens

Cervical tumor tissues were intra-operatively obtained from 10 patients with LRH only and 11 patients
with NAC+LRH enrolled into this study. The specimens were immediately frozen in liquid nitrogen for
measuring mRNA and protein levels of selected genes, except for a portion which was used for hematoxylin
and eosin (H&E) staining and pathological examination to confirm the diagnosis. The specimens were
formalin-fixed and paraffin-embedded. The preoperative cervical secretions were collected and used to
detect human papillomavirus (HPV) infection using hybrid capture generation II technology.
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Cell culture

HPV type 18 positive human cervical cancer cell line HeLa cells from ATCC cells were seeded onto 96-
well microplate at a density of 5x10* cells per well containing RPMI-advanced 1640 serum-free media (Gibco
BRL, USA) with red phenol and antibiotic-antimycotic solution (10,000 units penicillin, 10 mg streptomycin,
and 25 pg/ml amphotericin B), supplemented with 1% fetal bovine serum (Invitrogen, Carlsbad, CA) and
200 mM of GlutaMAX (Invitrogen). The cells were incubated in 5% of CO, and humidity saturation at 37°C.
Cells were harvested at 70% confluence with Verseno solution (Tris base 25 mM, NaCL 136.8 mM, KCI 5.36
mM, EDTA 1 mM pH7.7) and washed 3 times in phosphate buffer saline.

Drug treatment of Hela cells

Cells were plated at 1x10° in 6-well dishes (Grier) and were allowed to attach for 24 h. The cells were
incubated with cisplatin at 15 mg/1 or 25 pM for 72 h, a concentration which has been shown to be near
the IC, for apoptotic death of Hela cells [23, 24], or paclitaxel at 250 nM [25], or carboplatin at 20 uM. The
cells were then harvested with trypsin and washed twice with phosphate-buffered saline for subsequent
uses for analysis of mRNAs and proteins. In separate experiments, Hela cells were pretreated with U0126
(10 uM; 1,4-diamino-2,3-dicyano-1,4-bis[2-aminophenylthio] butadiene; Cell Signalling Technology, Inc) by
incubation in the culture medium for 24 h before anti-cancer drug treatment. Or the cells were transfected
with TAB1 siRNA or scrambled control siRNA sequence (Santa Cruz Biotech, Inc; Cat#: sc-36600) by
lipofectamine-2000 reagent (Invitrogen) for 24 h prior to anti-cancer drug treatment.

Quantitative real-time RT-PCR analysis

Quantitative real-time RT-PCR (qPCR) was used in conjunction with SYBR Green I incorporation
methods to measure relative miRNA levels in our study. Total RNA samples were isolated from the cervical
tumor tissue preparations and Hela cells with Trizol reagent. The reactions contained the primer sets
specific for human miR-34a and miR-605, and a scrambled miRNA as a negative control. Tagman qPCR
was employed for quantification of p53, Mdm2, and E2F1. qRT-PCR was performed on a thermocycler ABI
Prism® 7500 fast (Applied Biosystems) for 40 cycles. Fold variations in expression of an mRNA between
RNA samples were calculated. The threshold cycle (C,) is defined as the fractional cycle number at which the
fluorescence passes the fixed threshold. Gapdh was used as an internal control for normalization. Fold or
fractional changes of miRNA or mRNA were obtained by normalizing the values in cancer tissues to normal
tissues.

Western blot analysis

The protein samples (cytosolic) were extracted for immunoblotting analysis. The protein content was
measured by BCA Protein Assay Kit with bovine serum albumin as the standard. Protein sample (~80 pg)
was fractionated by SDS-PAGE (12% polyacrylamide gels) and transferred to PVDF membrane (Millipore,
Bedford, MA). The sample was incubated overnight at 4°C with the primary antibodies in 1:1000: goat
polyclonal anti-p53, anti-E2F1, anti-Mdm?2, anti-phospho-ERK1/2, and anti-TAB1 (Cell Signaling Technology,
Inc., Boston, MA, USA). Next day, the membrane was incubated with secondary antibodies (anti-rabbit IgG,
HRP-linked antibody; Cell Signaling Technology) diluted in PBS for 3 h at room temperature. Finally, the
membrane was rinsed with PBS before scanning using the Infrared Imaging System (LI-COR Biosciences).
GAPDH was used as an internal control for equal input of protein samples, using anti-GAPDH antibody (Cell
Signaling Technology, Inc.). Western blot bands were quantified using Imagequant 5.2 by measuring the
band intensity for each group and normalizing to GAPDH. The final results are expressed as fold changes by
normalizing the cancer data to the control values.

Data analysis

Data are expressed as mean+SD. Statistical analysis was carried out using SPSS Version 13.0 (SPSS
Inc., Chicago, IL, USA). Survival curves were estimated by the Kaplan-Meier method, and compared using
the log-rank test. Parameters that were significantly related to survival in univariate analysis were entered
into the multivariate analysis. With a Cox proportional hazard model, multivariate analysis was done to
identify the independent prognostic factors. For molecular analysis, paired comparisons between healthy
and cancerous tissues were done by paired Student’s t-test. A two-tailed p<0.05 was taken to indicate a
statistically significant difference.

1531

KARGER


http://dx.doi.org/10.1159%2F000356590

Cellular Physiology

Cell Physiol Biochem 2013;32:1528-1540

DOl

© 2013 S. Karger AG, Basel
www.karger.com/cpb

and Biochemistry PublsheR e Ry e 28, 2013

Sun et al.: Neoadjuvant Chemotherapy and MicroRNA Signaling Pathways

Table 1. Patient characterization

Clinical Characteristics

Age (years, range)
LRH Group
NAC+LRH Group

Clinical stage (FIGO)

44,8+8.5 (33-64)
46.2+7.5 (38-57)

LRH Group b2 10
NAC+LRH Group 11b2 11
Pathology
Squamous carcinoma
LRH Group 7
NAC+LRH Group 7
Adenocarcinoma
LRH Group 2
NAC+LRH Group 1
Adenosquamous carcinoma
LRH Group 1
NAC+LRH Group 3

FIGO: International Federation of Gynecology and Obstetrics

Table 2. Tumor size (diameter, cm) with and
without NAC, and before and after NAC

NAC + LRH
e Before NAC After NAC
1 4.3 4.2 1.9
2 6.6 6.9 4.1
3 4.3 4.3 2.7
4 4.7 5.2 2.0
5 4.3 5.6 2.5
6 4.5 5.8 2.2
7 4.4 4.5 3.7
8 5.2 4.3 3.3
9 5.8 4.4 2.3
10 4.3 4.2 2.4
11 4.7 3.0

LRH: laparoscopical radical hysterectomy;
NAC: neoadjuvant chemotherapy

Results

Tumor Diameter
(cm)

LRH Before After
NAC+LRH

Disease-Free Survival
1 NAC
90.9% —LRH
80.0% ~==LRH

100

% Survival
[+
o
1

60 T T T T T 1
0 10 20 30
Month
c Overall Survival
100% NAC
100 T *
© 1 LRH
= [ ISP
> 90%: LRH
S :
o 80 H
=2
60 —
0 10 20 30
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Fig. 1. Improved prognosis and outcome with
neoadjuvant chemotherapy (NAC) prior to
laparoscopical  radical  hysterectomy  (LRH)
for patients with cervical cancer. 4, Comparison of
tumor size (diameter, cm) between the patients
with and without NAC. **p<0.01 NAC vs before NAC
in the NAC+LRH group; %*p<0.01 NAC+LRH vs LRH;
Unpaired Student t-test; n=10 for LRH and n=11
for NAC+LRH. B, Survival curves of cervical cancer
patients with and without NAC, showing the two-
year disease-free and overall survival rates. n=10 for
LRH and n=11 for NAC+LRH. Dotted line indicates 2
year survival.

Reduction of tumor size and response to NAC

All individuals had completed at least one course of chemotherapy and undergone the
corresponding evaluation (Table 1). The average diameter of the bulky tumors was 4.8+0.6
cm (4.3-6.6 cm) for the LRH group (n=10) and 4.9+0.7 cm (4.2-6.9 cm) for the NAC+LRH

group (n=11).

All 21 patients underwent MRI examination and measurement of the cervical lesion
size prior to NAC and following the chemotherapy (Table 2). The diameter of tumors
following chemotherapy in the NAC+LRH group was markedly reduced to 2.4+0.7 cm (Fig.
1), compared to that prior to chemotherapy (P<0.01) and to that in the LRH group (P<0.01).

As confirmed by pathological diagnosis following chemotherapy, there were 4 cases
(36.4%) of complete remission (CR), 6 cases (54.5%) of partial remission (PR), only 1 SD
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case (9.1%) of stable disease (SD), and 0 case (0%) of progression disease (PD). Thus, the
chemotherapy response rate (i.e., CR + PR) was 90.9% (10/11) for the NAC+LRH group.

All 21 patients in the two groups completed the surgery with the surgical resection rate
at 90.2%. Of these 21 patients, only one case from the LRH group had lymph node metastasis
after surgery, and no parametrial involvement and positive vaginal surgical margin cases
were observed.

The median follow-up was 38 months. No cases of recurrence or metastasis after
surgery have been observed in the NAC+LRH group as yet. In the LRH group, however, 2
recurrences and 1 metastasis were identified.

The 2-year disease-free survival rate was 80% for the LRH group and 90.9% for the
NAC+LRH group (p=0.066; Fig. 1B). The 2-year overall survival rate were 90% and 100% or
the LRH group and the NAC+LRH group, respectively (p=0.057; Fig. 1C).

Expression of p53:miR-34a:E2F1 and p53:miR-605:MdmZ2 signaling pathways

Western blot analysis revealed remarkably higher levels of p53 tumor suppressor (Fig.
2A) and lower levels of E2ZF1 and Mdm2 oncoproteins in the NAC+LRH group compared to
the LRH group without chemotherapy (Fig. 2B & 2C). Coincidently and expectedly in light
of the possible presence of the p53:miR-34a:E2F1 and the p53:miR-605:Mdm?2 signaling
pathways, the levels of miR-34a and miR-605 were considerably higher with NAC relative
to without NAC (Fig. 3), as revealed by real-time RT-PCR quantification. The mRNA level of
p53 was significantly elevated (P<0.05), whereas that of E2ZF1 was downregulated (P<0.05),
following chemotherapy. Mdm2 mRNA expression remained unaltered by NAC (P>0.05).

Cisplatin accounts for the enhanced p53 in NAC

We then continued to understand the mechanisms for the enhancement of p53:miR-
34a:E2F1 and p53:miR-605:Mdm2 signaling by NAC. In our study, the NAC consisted of three
anti-cancer drugs cisplatin, paclitaxel, and carboplatin. Intriguingly, cisplatin is known to
bind to and cause cross-linking of DNA to ultimately trigger apoptosis. Both cisplatin and its
second generation drug carboplatin have been shown to increase p53 protein level reaching
a threshold which leads to the initiation of apoptosis in Hela cells [26-28]. In contrast, TP53
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Fig. 3. Real-time RT-PCR quantification of miR-605, miR-34a, p53, Mdm2, and E2F1, showing the
upregulation of miR-605, miR-34a and p53 mRNAs, and downregulation of E2F1, in patients with NAC
compared to those without NAC. **p<0.01 & ***p<0.001 NAC+LRH vs LRH; Unpaired Student t-test; n=10
for LRH and n=11 for NAC+LRH.

Fig. 4. Comparison of effects of
cisplatin, paclitaxel, and carboplatin A
on protein levels of p53 (4), E2F1 (B) P53  Mdmz E2F1 g i T [ control
and Mdm2 (C), by immunoblotting 12 12 12 - 5 H Cisplatin
o . el
analysis in Hela human cervical T 2
cancer cells. Note that cisplatin - e e E 1
produced greater 1.ncrease in p53, and Gapdh Gapdh Gapdh 0 p53 Mdm2  E2F1
greater decreases in E2ZF1 and Mdm2
protein levels. 1: Control; 2: cisplatin
(4), paclitaxel (B) or carboplatin
(O). **p<0.01 & ***p<0.001 Drug vs B
Control; ¥p<0.001 paclitaxel or carbo- p53 Mdm2 E2F1 e 5 [ control W Paclitaxel
platin vs cisplatin; Unpaired Student 12 1 2 1 2 ° 4
t-test; n=5 for each group. —_—— “ - - C 3
. 3 f £y % &
Gapdh Gapdh Gapdh “ o I_Ii I_li |_|i—
p53 Mdm2 E2F1
C
p53 Mdm2 E2F1 g ° O control
12 12 1 2 324 B carboplatin
~ .=
—— - —— g 1
Gapdh Gapdh Gapdh 0 053 Mdm2  E2F1

gene (encoding p53) status does not correlate with paclitaxel-induced cytotoxicity in various
cancer cell lines with differing apoptotic pathways [29]. We therefore began our studies from
comparing the effects of these three drugs individually on p53 protein levels. As depicted in
Fig. 4A, cisplatin produced robust increase in p53, which was approximately 4-times greater
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Fig. 6. Effects of ERK1/2
inhibitor U0126 (A4) or
TAB1 siRNA on cisplatin-
induced upregulation
of p53 protein (B) and
miR-605 (€) and miR-
34a (D). Cells
were pretreated with
U0126 (10 uM) or TAB1
siRNA before anti-cancer
drug treatment. Cntrl:
control; Cisp: cisplatin;
siRNA:  TAB1  siRNA;
Scrm: scrambled siRNA.
*#*p<0.001 Cisplatin vs
Control; ¥p<0.001 U0126
or TAB1 siRNA vs cisplatin;
85p<0.001 Scrambled
siRNA vs TAB1 siRNA;
Unpaired Student t-test;
n=5 for each group.
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than carboplatin and 20-times greater than paclitaxel. Consistently, cisplatin reduced E2F1

and Mdm2 protein levels to much greater extents than the other two drugs (Fig. 4B & 4C).

Furthermore, cisplatin also remarkably upregulated miR-34a and miR-605, and so did carbo-
platin though to less degrees (Fig. 5). By comparison, paclitaxel did not affect the expression
of these two miRNAs in Hela cells. These data indicate that cisplatin plays a critical role in
promoting p53:miR-34a:E2F1 and p53:miR-605:Mdm2 signaling, paclitaxel may act mainly
through other anti-cancer signaling mechanisms.
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Mechanisms underlying the p53 enhancing effects of cisplatin

We then went one step further towards understanding mechanisms for the enhancement
of p53:miR-34a:E2F1 and p53:miR-605:Mdm2 signaling by NAC by exploiting how cisplatin
favors p53 expression. It has been documented that cisplatin-induced ERK activation is an
up-stream factor that enhances the p53 response to DNA damage caused by cisplatin [30,
31]. On the other hand, cisplatin has also been demonstrated to cause cell death via TAB1
(transforming growth factor -activated kinase 1 (TAK1)-binding protein 1) regulation
of p53/MDM2/MDMX circuitry and cell death caused by cisplatin is mitigated by knockdown
of TAB1 [24]. Hence, we assessed the effects of ERK1/2 inhibitor U0126 (10 pM) or TAB1
siRNA on p53 protein levels. As expected, pretreatment with either of U0126 (incubation) or
siRNA (transfection) substantially weakened the ability of cisplatin to upregulate p53 (Fig.
6A & 6B). Similar effects on miR-34a and miR-605 were observed (Fig. 6C).

The efficacy of U0126 to inhibit ERK1/2 activity and of TAB1 siRNA to knockdown TAB1
was verified in human cervical cancer cell line HeLa cells (Fig. 7A & 7B).

Finally, we also confirmed the increased ERK1/2 activities (indicated by increased
phospho-ERK1/2 protein) and TAB1 protein level in cervical tumor tissues from NAC+LRH
patients relative to LRH alone patients (Fig. 7C & 7D).

Discussion

Here we performed direct parallel comparison of therapeutic outcomes and 2-year
survival rates after laparoscopical radical hysterectomy (LRH) between the cervical cancer
patients with and without neoadjuvant chemotherapy (NAC). Our data demonstrated that
NAC+LRH produced apparently better therapeutic results than LRH alone: (1) the diameter
of tumors following chemotherapy was substantially smaller in the NAC+LRH patients
than in LRH patients; (2) None of the NAC+LRH patients had recurrence or metastasis
after surgery, whereas out of 10 LRH patients, 2 had recurrences and 1 had metastasis; (3)
the 2-year disease-free and overall survival rates were apparently higher in the NAC+LRH
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group than in the LRH group. Furthermore, molecular biology analyses revealed that (1)
the mRNA and protein levels of p53 were markedly increased in patients who received NAC
than those who did not in cervical cancer tissues; the opposite was true for the levels of
E2F1 and MdmZ2; (2) the levels of miR-34a and miR-605 were considerably higher with NAC
relative to without NAC; (3) among the three anti-cancer agent consisting of NAC in our
study, cisplatin appears to play a more important role in upregulating p53 expression in
Hela cervical cancer cells; and (4) inhibition of ERK1/2 or knockdown of TAB1 prevented the
p53 upregulation by cisplatin. These findings suggest NAC as a rational approach for better
treatment of cervical cancer in patients, partly due to enhancement of the p53:miR-34a:E2F1
positive feed-forward loop and the p53:miR-605:Mdm2 positive feedback loop. Moreover,
activation of ERK1/2 and TAB1 by cisplatin likely accounts for its ability to upregulate p53 so
as to stimulate p53:miR-34a:E2F1 positive feed-forward loop and the p53:miR-605:Mdm2
signaling, contributing to improved therapeutic outcomes with NAC.

Concurrent chemoradiotherapy and LRH have recently been regarded as the standard
of treatment for high risk tumors [32-35]. Evidence exists for the use of cisplatin based
combination chemotherapy to improve overall survival in women with advanced cervical
cancers [36-42]. Experiences with neoadjuvant chemotherapy for poor risk cervical
carcinomas suggested that cisplatin-based combination chemotherapy was effective not
only in local tumor and may also reduce the incidence of lymph node metastasis and even
eradicate microscopic metastasis in distant organs [32-34]. However, in contrast to these
results, Katsumata et al. reported a randomized, controlled study of stage Ib2-1Ib cervical
cancer, which showed no significant difference between a NAC-combined surgery group and
the surgery alone group in terms of resection and survival rate [43]. This discrepancy is
attributed, in the authors’ opinion, to the differences of chemotherapy regimens, courses
and case selections. Early clinical investigations on NAC have primarily been focused on
cisplatin-based chemotherapy, and numerous studies have confirmed that the response
rate of cisplatin-combined duplex treatment is superior to cisplatin monotherapy [44].
The advantages of NAC may involve its ability to reduce tumor size, improve resection rate,
and limit lymph node metastasis rate. In the present study, the NAC includes three agents:
cisplatin, paclitaxel, and carboplatin, and this regimen indeed manifested these advantages
of combination chemotherapy.

The primary cause of cervical cancer persistent infection by the human papillomavirus
(HPV), which induces degradation of tumor suppressor p53 [6-10]. Consistent with this
mechanism, the majority of cervical cancer cells are found to possess a wild-type p53 gene,
but the protein levels are extremely low. Correction of this aberrant insufficiency of p53 is a
rational strategy for the cure of cervical cancer. To achieve this goal, one approach would be
to destroy the HPV E6 oncoprotein so as to release p53 from degradation. Alternatively, p53
can be activated in terms of its expression and function by other approaches. For instance, an
interference with the negative feedback inhibition of p53 by oncoprotein Mdm2 may be able
to upregulate and activate p53; one way to achieve this is to upregulate miR-605 to repress
Mdm?2. Our data provide a piece of evidence for the validity of this approach. We found
here that miR-605 was robustly upregulated following NAC. On the basis of the p53:miR-
34a:E2F1 positive feed-forward loop and the p53:miR-605:Mdm?2 positive feedback circuit,
it is not unreasonable to speculate that upregulation of miR-605 produces repressive
effects on Mdm2, resulting in upregulation of p53, which in turn transactivates miR-34a to
downregulate E2F1, leading to tumor inhibition. Our findings of upregulation of miR-605,
miR-34a, and p53, and of concurrent downregulation of Mdm2 and E2F1 fit well to this
signaling pathway. The present study therefore helps us better understand the mechanisms
for NAC of cervical cancer.

P53 can be stimulated for its expression and accumulation by any stress that causes
DNA damaging. Cisplatin is known for its ability to bind to and cause cross-linking thereby
damage of DNA. It is no wonder that it is able to cause p53 expression and accumulation, as
shown in the present study and in many previous studies as well [26-28]. Carboplatin is a
second generation of cisplatin differing from cisplatin in that it has a bidentate dicarboxylate
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(CBDCA) ligand in place of the two chloride ligand. Carboplatin has gained popularity in
clinical treatment due to its vastly reduced side-effects compared to its parent compound
cisplatin. However, it exhibits lower reactivity and slower DNA binding kinetics, although it
forms the same reaction products in vitro at equivalent doses with cisplatin [45, 46]. Unlike
cisplatin, carboplatin may be susceptible to alternative mechanisms. Some results show that
cisplatin and carboplatin cause different morphological changes in MCF-7 cell lines while
exerting their cytotoxic behaviour [47]. These properties of carboplatin may explain for its
smaller effects on p53 expression as revealed in this study. Paclitaxel is a mitotic inhibitor
and it stabilizes microtubules and as a result, interferes with the normal breakdown of
microtubules during cell division [48, 49]. This mechanism of paclitaxel action is consistent
with its lack of direct effects on p53 in the published studies [29] and also in the present
study.

It should be noted that our study only included a total of 21 patients and the sample
size is too small to allow us to have accurate comparison between the treatments with and
without NAC and to make conclusive note on the benefit of NAC for LRH treatment of cervical
cancer. Moreover, in terms of the mechanistic insight of the NAC, our study is also preliminary,
merely providing expression data without using gain- and loss-of-function approaches to
confirm our notion about the involvement of the p53:miR-34a:E2F1 and p53:miR-605:Mdm?2
pathways. Nonetheless, our study lays the groundwork for future studies to test the thoughts.
Also precaution must be taken when interpreting our results on the drug effects on p53
expression. Only one concentration of each agent was tested in Hela cells, and the relative
concentrations of the three agents may not be in the same proportion of these drugs in
NAC. The conclusion that cisplatin plays the main role in stimulating increasing p53:miR-
34a:E2F1 and p53:miR-605:Mdm?2 signaling may not hold true, as increasing concentrations
of paclitaxel and carboplatin may produce similar effects as cisplatin. Nevertheless, our data
are consistent with previous studies by other groups showing the effect of cisplatin and the
lack of effect of paclitaxel on p53. Perhaps, the key point on this regard is that our study
revealed the benefit afforded by NAC is related to p53 stimulation via ERK1/1 and TAB1.

Collectively, this study combined clinical observations and experimental investigations
to study the mechanisms for the beneficial effects of NAC in the surgical treatment of patients
with cervical cancer. The findings from this study indicate that NAC improves LRH treatment
of cervical cancer and suggest that the p53:miR-34a:E2F1 positive feed-forward circuit
and the p53:miR-605:Mdm?2 positive feedback loop are operating to confer the beneficial
effects of NAC. Among the three anti-cancer drugs, cisplatin appears to play the major role in
promoting the p53:miR-34a:E2F1 and p53:miR-605:Mdm2 signaling pathways. This action
of cisplatin is likely conferred by its ability to interact with ERK1/2 and TAB1.
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