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Increased expression of iASPP correlates with poor
prognosis in FIGO IA2–IIA cervical adenocarcinoma
following a curative resection
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Abstract: Background: The function of iASPP (inhibitory member of the ASPP family) in cervical adenocarcinoma
remains unknown. The aim of this study was to explore the expression and clinical relevance of iASPP in early stage
cervical adenocarcinoma. Methods The clinical data of 75 patients with FIGO stage IA2-IIA cervical adenocarcinoma who were treated with radical hysterectomy from January 2004 to March 2008 was collected. The mRNA
and protein expression levels of iASPP from the paired tumor specimens and adjacent normal cervical tissues were
determined by real-time qRT-PCR and Western blot, and its relationship with clinicopathologic factors and prognosis
of cervical cancer patients was retrospectively analyzed. Results: The mRNA and protein expression levels of iASPP
were significantly elevated in cervical cancer tissues. The increased iASPP expression was correlated strongly with
higher FIGO staging (p = 0.034), worse differentiation (p = 0.046), less pelvic lymph node metastasis (p = 0.014),
and poor overall and disease-free survival of patients with cervical cancer (both P < 0.05). Multivariate Cox analysis
indicated that high iASPP expression was an independent prognostic factor (P < 0.05). Conclusions: This study demonstrates that iASPP is highly elevated in cervical adenocarcinoma, and that overexpression is an independent poor
prognostic indicator for early stage cervical cancer patients, suggesting that iASPP might serve as a novel potential
prognostic marker and therapeutic target for cervical adenocarcinoma.
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Introduction
Although the incidence of cervical cancer has
decreased due to the increased implementation of cytological screening, cervical cancer is
still the third most common and the second
most frequent cause of cancer death in women
worldwide [1, 2]. Compared with the decreased
incidence of squamous cell carcinoma, the incidence of adenocarcinoma have increased significantly, which accounts for approximately
20% of all cervical cancers [3]. However, in
early stage cervical cancer patients treated
with radical surgery, several investigators have
reported that patients with adenocarcinoma
have a poorer prognosis than squamous cell
carcinoma patients [4-11]. So, it is urgent to
elucidate the precisely predictive factors and

carry out a personalized therapy in order to predict and improve the prognosis for these early
stage cervical adenocarcinoma patients.
The apoptosis stimulating proteins of p53
(ASPP) family includes three members, ASPP1,
ASPP2 and iASPP, which are identified as
p53-interacting proteins. ASPP1 and ASPP2
enhance, whereas iASPP inhibits, the apoptotic
functions of p53 [12]. iASPP is an evolutionarily
conserved inhibitor of p53, and its overexpression has been reported in a variety of tumors
[13-17]. Moreover, recent reports showed that
the polymorphism of iASPP gene was associated with the susceptibility of breast cancer, lung
cancer and other tumors [18, 19]. In addition,
suppression of iASPP blocked cancer cells proliferation and enhanced their chemosensitivity
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[20-25]. Recently, one study found that the
elevated expression of iASPP correlates with
poor prognosis in the squamous cell cervical
cancer [26]. However, the relationship between
iASPP expression and clinicopathological characteristics or prognosis of human cervical adenocarcinoma has not been shown.
In the light of these considerations, the aim of
our study was to identify the clinical significance of iASPP expression in FIGO IA2-IIA stage
cervical AC patients following radical hysterectomy in a single institute.
Patients and methods
Our study protocol was approved by the
Institutional Review Board of our hospital.
Study population
Patients with cervical cancer admitted to the
oncology between January 2004 to March
2008 were drawn from the hospital tumor registry. The inclusion criteria for this study included: (1) pathologically confirmed patients with
FIGO IA2-IIA cervical adenocarcinoma; (2)
patients who underwent radical hysterectomy
and bilateral pelvic LN dissection; (3) patients
who had matched fresh surgical specimens
and adjacent normal cervical tissues; (4) the
clinical data and the follow-up information were
complete. The exclusion criteria included: (1)
patients who underwent palliative surgery; (2)
patients who had distant metastasis or peritoneal dissemination that was confirmed during
the operation; (3) patients who died during the
initial hospital stay or within 1 month after surgery; and (4) patients who were lost to followup. Based on these inclusion and exclusion criteria, a total of 75 cervical adenocarcinoma
patients presented with FIGO IA2-IIA stage following a curative resection. Among these
patients, 33 (44.0%) cases received 2-3 cycles
of chemotherapy before operation. The chemotherapy regimens were paclitaxel at 175 mg/m2
on day 1, cisplatin at 60 mg/m2 on day 1;
repeated every 3 weeks. 44 (58.7%) patients
had deep cervical stromal invasion and
received radiation treatment after the operation. A total of 50.0 Gy was prescribed and
delivered at 2.0 Gy per fraction, once daily, with
five fractions per week.
Data collection
The patient characteristics and surgical and
pathological findings were collected from the
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institution’s cervical cancer database, as well
as from each patient’s medical chart. And the
long-term outcome was evaluated by comparing survival rate. Total follow-up time was
defined as time in months from date of operation to last clinic visit or correspondence with
the institutional tumor registry. Enhancement
CT was performed for diagnosis of recurrence
or progression when the results of B ultrasonography, CT scan, or chest X-ray were positive.
RNA preparation, quantitative real-time PCR
Total RNA was isolated from the 75 matched
fresh surgical specimens and adjacent normal
cervical tissues using Trizol reagent (Invitrogen)
according to the manufacturer’s instruction.
Real-time qRT-PCR was performed according to
the manufacturer’s instructions (Applied Biosystem). The primers were as follows:
iASPP: forward 5’-TCTCCTCTGGCCAGCGACCG-3’, reverse 5’-CTGCGAGGCAAAGTGCCCGA-3’;
D-glyceraldehyde-3-phosphate dehydrogenase
(GAPDH): forward 5’-CCATCAATGACCCCTTCATTG-3’, reverse 5’-GACGGTGCCATGGAATTT-3’.
The results of the real-time qRT-PCR were analyzed by using the 2-ΔΔCt method. Relative mRNA
expression of iASPP gene (R) was calculated
following the formula: R = densitometric units
of iASPP/densitometric units of GAPDH.
Western blot
Total of 75 paired fresh tumor tissues and adjacent normal tissues were homogenized in NP40
lysis buffer [50 mM Tris-HCl (pH 8.0), 150 mM
NaCl, 1% NP40, 100 mM NaF, 200 μM Na3VO4],
and incubated for 60 min at 4°C while rocking.
Lysates were cleared by centrifugation (10 min
at 12,000 rpm, 4°C). For Western blot analysis,
equal amounts of total protein were separated
by SDS-PAGE. The proteins were transferred to
polyvinylidene fluoride (PVDF) membranes,
blocked and incubated with the appropriate primary antibodies and then probed with secondary antibody for 1.5 h at room temperature.
Signals were detected using enhanced chemiluminescence substrate (Perkin-Elmer Life
Sciences). Quantification of the Western blot
data were performed by measuring the intensity of the hybridization signals using the Image
analysis program (Fluor-ChemTM 8900, Alpha
Inotech). Relative protein expression of iASPP
gene (R) was calculated following the formula:
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Table 1. Clinical/pathological characteristics of 75 cervical adenocarcinoma patients by iASPP protein expression level
Variables
Age (years)
≤ 45
> 45
Tumor size
≤ 4 cm
> 4 cm
FIGO staging
IA2
IB1
IB2
IIA
Tumor grade
Grade I
Grade II
Grade III
Deep cervical stromal invasion
No
Yes
Pelvic lymph node metastasis
No
Yes
Neoadjuvant chemotherapy
No
Yes

Number

iASPP expression level
Low (n = 40)
High (n = 35)
x2 = 1.078

25 (33.3%)
50 (66.7%)

12 (30.0%)
28 (70.0%)

13 (37.1%)
22 (62.9%)

34 (45.3%)
41 (54.7%)

19 (47.5%)
21 (52.5%)

15 (42.8%)
20 (57.2%)

0.351

0.299
x = 1.077
2

0.034
5 (6.7%)
41 (54.6%)
9 (12.0%)
20 (26.7%)

4 (10.0%)
25 (62.5%)
4 (10.0%)
7 (17.5%)

1 (2.8%)
16 (45.7%)
5 (14.3%)
13 (37.2%)

7 (9.4%)
28 (37.3%)
40 (53.3%)

6 (15.0%)
16 (40.0%)
18 (45.0%)

1 (2.8%)
12 (34.3%)
22 (62.9%)

31 (42.3%)
44 (58.7%)

18 (45.0%)
22 (55.0%)

13 (37.1%)
22 (62.9%)

44 (58.7%)
31 (42.3%)

28 (70.0%)
12 (30.0%)

16 (45.7%)
19 (54.3%)

42 (56.0%)
33 (44.0%)

24 (60.0%)
16 (40.0%)

18 (51.4%)
17 (48.6%)

x2 = 4.519

0.046

x2 = 4.436
0.054
x2 = 7.654
0.014
x2 = 6.646
0.898

R = densitometric units of iASPP/densitometric
units of GAPDH. And we found that the median
iASPP relative protein expression level in tumor
specimens was 1.31, we defined high iASPP
expression as over 1.31 (> 1.31). Accordingly,
the iASPP protein expression levels were further divided into high and low levels using median expression level as the cut-off point for
analysis.
Statistical analysis
All statistical analyses were performed by using
SPSS version 21.0 (SPSS, Chicago, IL, United
States). The iASPP protein expression levels
were further divided into high and low levels
using median expression level as the cut-off
point for analysis. Paired t test was used to
compare the difference of iASPP level between
cancer and normal specimens. χ2 test was performed to explore the correlation between the
expression of iASPP and clinicopathologic
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P value

x2 = 7.694

parameters.The Kaplan-Meier method and logrank tests were employed to correlate the gene
expression levels and patient survival in univariate analysis. Multivariate Cox-regression
analyses were conducted to identify independent prognostic factors [27]. p-Values (two
sides) < 0.05 were considered statistically
significant.
Results
Clinicopathological characteristics
Table 1 summarizes the complete clinicopathological characteristics of the 75 cervical
patients with a diagnosis of adenocarcinoma.
Of these, 33 patients (44.0%) received neoadjuvant chemotherapy. 5 patients (6.7%) had
stage IA2 disease, 41 patient (54.6%) had
stage IB1 disease, 9 patients (12.0%) had
stage IB2 disease, 20 patients (26.7%) had
stage IIA disease. The median age of the
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vival (DFS) than patients with low iASPP expression (40.0 vs. 85.0 %, p < 0.001, Figure 3B).

Figure 1. mRNA expression level of iASPP. Real-time
qRT-PCR of iASPP mRNA expression in cervical adenocarcinoma tissues and adjacent normal cervical
tissues. The results of the real-time qRT-PCR were
analyzed using the 2-ΔΔCt method.

patients was 56 years (range 23-85 years),
while the median follow-up for all patients were
68.5 months (range, 0.5-108 months).
Significant differences were observed in FIGO
staging (p = 0.034), tumor grade (p = 0.046),
pelvic lymph node metastasis (p = 0.014).
However, the two groups did not differ with
respect to age, tumor size, deep cervical stromal invasion, and with/without new adjuvant
chemotherapy.
iASPP expression was elevated in cervical
adenocarcinoma
The iASPP mRNA expression in adenocarcinoma tissues was higher than that of control, the
median elevated fold was 2.62 (Figure 1).
Consistently, as the Figure 2A showed, the protein expression of iASPP in cancer tissues was
also significantly higher than that of nontumorous cervical tissues. And the relative levels of
iASPP protein were calculated, the median elevated fold was 2.45 (Figure 2B).
Survival outcomes
Figure 3 shows cumulative survival curves for
the cervical adenocarcinoma patients. As the
Figure 3A showed, the 5-year overall survival
(OS) was statistically worse in the high iASPP
expression group compared to low iASPP
expression group (rate: 54.3% vs 95.0%, p =
0.019), and also the patients with high iASPP
expression had shorter 5-year disease-free sur-
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Multivariate analysis was performed using
logistic regression on age (p = 0.041), FIGO
staging (p = 0.001), tumor grade (p = 0.025),
pelvic lymph node metastasis (p = 0.006),
iASPP expression (p = 0.008), which were all
significant on the univariate analysis (Table 2).
It was observed that for the cervical adenocarcinoma patients, the statically significant independent prognosis factors were iASPP expression [hazard ratio (HR), 1.256; 95% CI,
1.036-1.465; p = 0.023], FIGO staging [hazard
ratio (HR), 1.465; 95% CI, 1.135-1.637; p =
0.039], tumor grade [hazard ratio (HR), 1.243;
95% CI, 1.066-1.445; p = 0.019] and pelvic
lymph node metastasis [hazard ratio (HR),
1.403; 95% CI, 1.179-1.613; p = 0.003] (Table
2).
Discussion
Despite the increased implementation of cytological screening and decreased incidence of
cervical squamous cell carcinoma, the incidence of adenocarcinoma has increased significantly [2, 3]. What’s worse, the patients with
early stage adenocarcinoma have a poorer
prognosis, and the improvement the prognosis
of these early stage cervical AC patients
remains clinically challenging [4-6, 11, 28]. As a
new member of the ASPP family of proteins,
iASPP has been found to be overexpressed and
play an important role in suppressing apoptosis, regulating cancer cell proliferation in many
human cancers [13-15, 29]. Unfortunately, the
expression profile and the role of iASPP in cervical adenocarcinoma patients, especially the
early stage patients remain unclear.
In our present study, we first identified the
iASPP expression data in early stage cervical
adenocarcinoma, identified the association of
its expression with clinicopathologic factors
and the long-term prognosis. Our results
showed that both mRNA and protein levels of
iASPP were over-expressed in cervical AC tissues. Furthermore, our study also identified
that the elevated iASPP expression was correlated with higher FIGO staging (p = 0.034),
worse differentiation (p = 0.046), more pelvic
lymph node metastasis (p = 0.014), and poor
overall and disease-free survival of patients
with cervical cancer (both P < 0.05). Moreover,
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Figure 2. Protein expression levels of iASPP in in cervical adenocarcinoma tissues and adjacent normal cervical
tissues. A. iASPP protein expression levels were detected by Western blot. B. The relative levels of iASPP protein
expression.

Figure 3. Overall and disease-free survival curves of early stage cervical adenocarcinoma patients with iASPP protein expression. A. The 5-year overall survival was significantly shorter in the high iASPP expression group compared
to low iASPP expression group (OS: 54.3% vs 95.0%, p = 0.019). B. The patients with high iASPP expression had
shorter 5-year disease-free survival (DFS) than patients with low iASPP expression (40.0 vs. 85.0 %, p < 0.001).

we confirmed that iASPP expression was an
independent prognostic factor for long-term
outcome. These data indicated the iASPP, as a
newly identified oncoprotein, was involved in
the carcinogenesis and progression of early
stage cervical adenocarcinoma, and might
serve as novel potential therapeutic target.
iASPP has been found to be overexpressed and
play an important role in many kinds of human
cancers, and the pro-tumor mechanisms are
complicated. As a newly identified oncoprotein,
1221

iASPP can promote cell proliferation and the
tumor growth, inhibit apoptosis [16, 20-22, 30].
Additionally, the crucial role of iASPP in keratinocytes biology and controlling epithelial stratification has been revealed [31, 32]. Recently,
the potential prognostic value of iASPP has
been identified in ovarian cancer, hepatocellular carcinoma, head and neck squamous cell
carcinoma, and the early stage squamous cell
cervical cancer [15, 26, 33, 34]. In the present
study, our data showed that the 5-year OS and
DFS was significantly shorter in the high iASPP
Am J Cancer Res 2015;5(3):1217-1224
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Table 2. Univariate and multivariate analysis of factors influencing
OS (n = 75)
Variable
Age (years)
≤ 45
> 45
Tumor size
≤ 4 cm
> 4 cm
FIGO staging
IA2
IB1
IB2
IIA
Deep cervical stromal invasion
No
Yes
Tumor grade
Grade I
Grade II
Grade III
Pelvic lymph node metastasis
No
Yes
Neoadjuvant chemotherapy
Yes
No
iASPP expression
Low
High

Univariate
analysis
p-Value

0.041

Multivariate Cox regression
HR (95% CI)

p-Value

1.129 (1.033-1.650)

0.471

0.640

0.001

—

1.465 (1.135-1.637)

0.075

0.039
—

0.025

1.243 (1.066-1.445)

0.019

0.006

1.403 (1.179-1.613)

0.003

0.487

—

This study has notable
strengths as well as potential
limitations. The important
strengths of our study include
its large size, accuracy of
mRNA and protein measurements performed from the
fresh surgical specimens of
cervical cancer, and rigorous
collection of survival data during an extended follow-up
period. Limitations include
the measurement of total
iASPP protein expression versus cytoplasmic iASPP expression and nuclear iASPP
expression separately. Also,
since some of the patients
included in this study had
neoadjuvant and adjuvant
therapies, which might have
effect on iASPP expression
and outcome. Accordingly,
further study needs to be conducted to fully understand the
molecular mechanism involved in these results.
Conclusions

The findings of this study
demonstrates that iASPP is
highly elevated in cervical
0.008
1.256 (1.036-1.465) 0.023
adenocarcinoma, and it is an
independent prognostic indicator of poor survival in early
HR: hazard ratio, CI: confidence interval.
stage cervical adenocarcinoma patients, suggesting that
expression group compared to low iASPP
iASPP might serve as a novel potential prognosexpression group (OS: 54.3% vs 95.0%, p =
ticmarkerandtherapeutictargetforcervicaladeno0.019; DFS: 40.0 vs 85.0%, p < 0.001) in early
carcinoma.
stage cervical adenocarcinoma patients (Figure
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