OncoTargets and Therapy

3

Dove

ORIGINAL RESEARCH

HPIP: a predictor of lymph node metastasis and
poor survival in cervical cancer

Shan Cao

Jingxia Sun

Shuai Lin

Lu Zhao

Di Wu

Tian Liang

Wenji Sheng

Department of Gynecology and
Obstetrics, The First Affiliated

Hospital of Harbin Medical University,
Harbin, People’s Republic of China

Correspondence: Shan Cao

Department of Gynecology and
Obstetrics, The First Affiliated Hospital,
Harbin Medical University, 23 Youzheng
Street, Nangang District, Harbin 150001,
People’s Republic of China

Tel +86 451 8555 5920

Email caoshan814@126.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

26 August 2017
Number of times this article has been viewed

Background: The aim of this study was to explore the relationships of HPIP expression
status with the clinicopathological variables and survival outcomes of patients with cervical
cancer (CC).

Methods: We compared the HPIP expression of 119 samples from CC tissues, 20 from cervical
intraepithelial tissues, and 20 from normal cervical tissues by using immunohistochemical
staining.

Results: [t was observed that the ratio of elevated HPIP expression was higher in CC tissues
than in cervical intraepithelial neoplasia (P=0.017) and normal cervical tissues (P=0.001).
In addition, there was an association between HPIP and clinicopathological factors, such
as histological grade (P<<0.001), stromal infiltration (P=0.015), lymph node metastasis
(P<0.001), lymphovascular space invasion (LVSI; P=0.026), and recurrence (P=0.029).
Furthermore, multivariate Cox regression analysis revealed that high HPIP expression
(P=0.027 and P=0.042) as well as the International Federation of Gynaecology and Obstet-
rics stage (P=0.003 and P=0.009), lymph node metastasis (P=0.031 and P=0.017), and LVSI
(P=0.024 and P=0.046) were independent prognostic factors. In addition, we demonstrated
that high HPIP expression (P=0.003) and LVSI (P<0.001) were independently related to
lymph node metastasis.

Conclusion: Elevated HPIP expression may contribute to the progression and metastasis of
CC and may also serve as a new biomarker to predict the prognosis of CC.
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Introduction
Cervical cancer (CC) is the third most common cancer among women worldwide and
one of the main causes of cancer-related death in the developing countries.' It continues
to be a major public health problem, despite its decreasing incidence and mortality
in many countries associated with the wide implementation of Pap smear screening
programs in recent years."* Most patients with CC receive standard radiotherapy or
chemotherapy or are recommended surgery, with consequent disease remission, yet
many patients also relapse and die as a result of tumor progression. Furthermore, the
motility and invasiveness of cancer cells play a key role in the mortality of patients
with CC.?? In addition, clinical outcomes vary significantly between patients and can
be difficult to predict. Therefore, the characterization of tumor-specific markers may
play an important role in understanding the molecular pathogenesis as well as the
prognosis of CC.

HPIP, a nucleocytoplasmic shuttling protein,* was originally isolated based on a yeast
two-hybrid screen using a human hematopoietic cDNA-based library.> HPIP has been
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reported to be upregulated in human cancers,*¢'* and several
studies suggest that the abnormal expression of HPIP plays
an important role in tumor cancer proliferation, cell cycle,
adhesion, migration, metastasis, and apoptosis.*’ 12131517
However, the significance of HPIP expression in CC in terms
of survival status has not been examined.

In order to explore these, we first conducted the immu-
nohistochemical (IHC) study on HPIP with 119 tumor,
20 normal cervical, and 20 cervical intraepithelial speci-
mens. Subsequently, we correlated the IHC results with
clinicopathological factors, including survival status, lymph
node metastasis, lymphovascular space invasion (LVSI),
and recurrence.

Materials and methods

Patients and clinical samples

This study used archived material from the Department of
Pathology at the First Affiliated Hospital of Harbin Medical
University, including 20 normal cervical tissues, 20 cervical
intraepithelial tissues, and 119 CC tissues from January 2008
to December 2010. Cervical tissues were histologically
confirmed by two pathologists. The study was approved
by the Ethical Committee of Harbin Medical University,
Harbin, People’s Republic of China. Written informed
consent was obtained from all the patients for this study.
Patients with CC received radical hysterectomy and pelvic
lymphadenectomy. None of the patients received chemo-
therapy, immunotherapy, or radiotherapy before surgery.
The tumor stages were assessed according to the Interna-
tional Federation of Gynaecology and Obstetrics (FIGO)
staging system.'® The histological grades were classified
according to the World Health Organization criteria. The
patients selected in this study were aged from 27 to 70 years
(median =43 years).

Follow-up

The clinical and pathological records of all the patients
included in the study were reviewed periodically. Examina-
tions were performed every 3—6 months for the first 3 years
and every 12 months thereafter during the follow-up period.
The clinical records were obtained from the departments
providing follow-up care. All the patients were followed up
until death or the study closing date (July 31, 2016). Recur-
rence was either radiologically or histologically confirmed.
Overall survival (OS) was defined as the interval from the
date of surgery to death due to any cause or to the date of last
contact, and disease-free survival (DFS) was defined as the

interval from the date of surgery to proven local recurrence
or distant metastasis.

IHC staining and evaluation

The tissue sections were dried at 60°C for 3 hours. After
deparaffinization and hydration, the slides were washed
with PBS for 2 minutes three times. The washed sections
were treated with 3% H,O, in the dark for 5-20 minutes.
Antigen retrieval was performed in citrate buffer (pH =6.0).
Each section was then treated with 300-500 mL HPIP rab-
bit polyclonal antibodies (Abcam, Cambridge, MA, USA;
at a dilution of 1:150) solution at 4°C overnight. After
washing with PBS as before, each section was incubated
with 300-500 mL secondary antibody at room tempera-
ture for 20 minutes. After washing with PBS, each slide
was treated with 3,3-diaminobenzidine tetrahydrochloride
(Dako, Produktionsvej, Denmark) and then counterstained
with hematoxylin.

HPIP expression was assessed by multiplying the scores
of staining reaction and staining intensity. Staining intensity
was graded as 0 (no staining), 1 (weak staining = light yel-
low), 2 (moderate staining = yellow brown), and 3 (strong
staining = brown). The percentage (0%—100%) of the extent
of reactivity was scored as follows: 0 (<5% positive cells),
1 (5%—25% positive cells), 2 (25%—-50% positive cells),
3 (51%—75% positive cells), and 4 (>75% positive cells).
Scores 0-2 were classified as low expression, and the remain-
ders were classified as high expression.'!”

Two pathologists without the knowledge of the clini-
copathological variables scored the staining on each slide
independently. Finally, the staining assessment and the
allocation of tumors by the two pathologists were similar.
Cases with discrepancies were simultaneously rereviewed by
the original two pathologists and a senior pathologist until a
consensus was reached.

Statistical analyses

All the analyses were conducted by using statistical software
(SPSS version 16.0, Inc., Chicago, IL, USA). Associations
between HPIP expression and clinicopathological variables
were assessed by using the y? test. The Kaplan—Meier
method was used to estimate OS and DFS. The influence of
different variables on survival was assessed by using uni-
variate and multivariate Cox regression analyses. Univariate
and multivariate logistic regressions were used to assess
the association between HPIP expression and lymph node
metastasis. The level of significance was set at P<<0.05.
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Results

HPIP expression

HPIP expression was mainly observed in the cytoplasm
of tumor cell and epithelial cells (Figure 1). A total of 64
(53.8%) patients showed high HPIP expression. The ratio
of elevated HPIP expression was higher in CC tissues than
in cervical intraepithelial neoplasia (P=0.017) and normal
cervical tissues (P=0.001; Table 1). However, there were
no significant differences between cervical intraepithelial
neoplasia and normal cervical tissues (P=0.429).

Association between HPIP expression

and clinicopathological features

We analyzed the associations between HPIP expression levels
and a series of clinicopathological characteristics, including
age, histological type, histological grade, FIGO stage, depth
of stromal infiltration, tumor size, lymph node metastasis, and
LVSI in CCs (Table 2). High HPIP expression was signifi-
cantly associated with lower histological grade (P<<0.001),
deeper stromal infiltration (P=0.015), metastasis of lymph node
(P<<0.001), LVSI (P=0.026), and recurrence (P=0.029).

Univariate and multivariate analyses for
the prognosis of patients with CC

Both univariate and multivariate survival analyses were
used to evaluate the effects of HPIP expression status and
clinicopathological features on prognosis. Figure 2 shows the
Kaplan—Meier 5-year OS and DFS curves stratified for HPIP
expression status. Univariate analyses (Table 3) of OS and DFS
identified increased HPIP expression (P=0.003 and P=0.002),

lower histological grade (P=0.011 and P=0.008), advanced
FIGO stage (P=0.012 and P=0.016), deep stromal infiltration
(P=0.026 for both), larger tumor size (P=0.029 and P=0.034),
metastasis of lymph node (P<<0.001 for both), and LVSI
(P<<0.001 for both) as significant prognostic predictors. Other
features had no prognostic value. By using multivariate analy-
sis, we found that FIGO stage (P=0.003 and P=0.009), lymph
node metastasis (P=0.031 and P=0.017), LVSI (P=0.024 and
P=0.046), and high HPIP expression (P=0.027 and P=0.042)
were independent prognostic factors (Table 4).

Effect of HPIP expression status on lymph

node metastasis in CCs

The univariate analysis of clinicopathological variables for
lymph node metastasis was performed. In addition to elevated
HPIP expression (P<<0.001), the presence of lymph node
metastasis was positively associated with lower histological
grade (P=0.025), deep stromal infiltration (P=0.016), larger
tumor size (P=0.040), and LVSI (P<<0.001). Moreover,
multivariate logistic regression analysis indicated that high
HPIP expression (P=0.003; odds ratio [OR] =7.746; 95%
CI =2.043-29.365) and LVSI (P<<0.001; OR =7.416; 95%
CI =2.544-21.620) were independently related to lymph
node metastasis (Table 5).

Discussion

Altered expression of HPIP has been observed in various
tumor samples and cell lines. In this study, the ratio of
increased HPIP expression was higher in CC tissues than in
cervical intraepithelial neoplasia and normal cervical tissues.

Figure | Immunohistochemical staining of HPIP in cervical tissues (x400).

Notes: (A) Positive control in ovarian cancer; (B) low HPIP expression in normal cervical tissues; (C) high HPIP expression in cervical intraepithelial neoplasia; (D) low HPIP
expression in cervical intraepithelial neoplasia; (E) high HPIP expression in cervical squamous cell carcinoma; (F) low HPIP expression in cervical squamous cell carcinoma;
(G) high HPIP expression in cervical adenocarcinoma; and (H) low HPIP expression in cervical adenocarcinoma.
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Table | Expression of HPIP in different cervical tissues

Cases HPIP expression status P-value
High (%) Low (%)
Normal cervix 20 3 (15.0) 17 (85.0) 0.001=
Cervical intraepithelial 20 5(25.0) 15 (75.0) 0.429°
neoplasia
Cervical cancer 119 64 (53.8) 55 (46.2) 0.017¢

Notes: *Cervical cancer versus normal cervix, P=0.001; ®cervical intraepithelial
neoplasia versus normal cervix, P=0.429; ccervical cancer versus cervical intra-
epithelial neoplasia, P=0.017.

This is consistent with the results from the studies on gastric
cancer and renal cell carcinoma,'"* which demonstrate that
HPIP may play a pivotal role in neoplastic progression.
Furthermore, we found that elevated HPIP expression was
associated with tumor progression, metastasis, recurrence,
and unfavorable outcomes. This finding indicates that HPIP
may be an independent prognostic factor. To our knowledge,

Table 2 Relationships of HPIP expression status with clinico-
pathological factors of cervical cancer

Variables Patients HPIP expression P-value
Low High

All cases 119

Age (years) 0.921
<43 59 27 32
=43 60 28 32

Histological type 0.236
SCC 106 51 55
Adenocarcinoma 13 4 9

Histological grade <0.001
Gl 23 14 9
G2 65 37 28
G3 31 4 27

FIGO stage 0.679
| 69 33 36
Il 50 22 28

Depth of stromal infiltration 0.015
<I/2 68 38 30
=1/2 51 17 34

Tumor size (cm) 0.218
<4 82 41 41
=4 37 14 23

Lymph node metastasis <0.001
No 94 52 42
Yes 25 3 22

LvsI 0.026
No 93 48 45
Yes 26 7 19

Recurrence 0.029
No 104 52 52
Yes 15 3 12

Abbreviations: FIGO, the Federation of Gynecology and Obstetrics; GI, well
differentiated; G2, moderately differentiated; G3, poorly differentiated; LVSI,
lymphovascular space invasion; SCC, squamous cell carcinoma.

this study provides the first detailed demonstration of an
association between clinicopathological variables, prognostic
significance, and HPIP expression in CC.

In the current study, we analyzed the association between
HPIP expression and clinicopathological features in CC.
Elevated HPIP expression was significantly correlated with
histological grade, stromal infiltration, lymph node metas-
tasis, LVSI, and recurrence. The Kaplan—Meier method and
log-rank test data also demonstrated that the patients with
high HPIP expression exhibited significantly poor OS and
DFS. The multivariate analysis demonstrated that HPIP
expression was an independent prognostic factor for both
OS and DFS in CC patients. These results suggest that high
HPIP expression plays a pivotal role in CC progression and is
significantly associated with an independent poor prognostic
factor. Our results are consistent with the previous findings
on the roles of HPIP in tumor progression in various cancers,
including renal cell carcinoma,® breast cancer,* colorectal
cancer,'? and ovarian cancer.'* All these findings suggest an
important tumor biological role of HPIP in carcinogenesis
and tumor progression.

Although the status of the retroperitoneal lymph nodes
is not included in the FIGO staging system, lymph node
metastasis is the strongest prognostic factor for early-stage
CC (FIGO stage Ib—IIa) and provides important informa-
tion for determining the treatment approach.?! With regard
to lymph node metastasis, multivariate logistic regression
analysis indicated that high HPIP expression and LVSI were
independently related to lymph node metastasis, suggesting
a high possibility that patients with high HPIP expression
would be diagnosed with lymph node metastasis. It suggested
that HPIP led to modulate cancer cell invasion by increasing
cell migration in laboratory models.??>* Mai et al*® reported
that HPIP knockdown suppresses renal tumor growth and
metastasis in nude mice through CK1ca. Moreover, some
data indicate that HPIP can improve cell proliferation or
invasion through the involvement in signal transduction
pathways, such as the MAPK/ERK pathway'? and the PI3K-
AKT pathway.>?* In breast cancer, HPIP regulates tumor
cell adhesion and migration by activating FAK.* These data
provide important evidence that elucidates the mechanism by
which HPIP expression contributes to carcinogenesis, tumor
progression, and metastasis.

In our study, we showed that high HPIP expression was
associated with lower histological grade, deeper stromal
infiltration, metastasis of lymph node, LVSI, and recurrence.
These results are consistent with the results from previous
studies.!"'* However, there are no significant relationships
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Figure 2 Kaplan—Meier curves for the survival of prognosis in | |9 patients with cervical cancer according to the categories of low and high expressions of HPIP (analyzed
with log-rank test).
Notes: (A) Overall survival; (B) disease-free survival.

of HPIP expression either with differentiation or with  phenomenon may attribute to the result that HPIP gene plays
lymph node metastasis in oral squamous cell carcinoma.®  biological function dependent on different cancer species.

In addition, HPIP expression is correlated with lymph node To date, some indicators can explain the mechanisms
metastasis instead of differentiation in gastric cancer.!' This by which HPIP promotes cancer development. Specifically,

Table 3 Univariate survival analysis of |19 patients with cervical cancer

Variables oS DFS
Mean + SD 5 year (%) P-value Mean = SD 5 year (%) P-value
Age (years) 0.973 0.973
<43 74.5+2.8 797 74.1+2.9 79.2
=43 76.3£3.0 783 75.1£3.3 777
Histological type 0.065 0.072
Nee 772422 8l.1 76.5+2.3 80.6
Adenocarcinoma 58.6+6.9 61.5 57.9+7.3 61.5
Histological grade 0.011 0.008
Gl 82.3+2.3 95.7 82.2+2.4 95.5
G2 76.9£2.5 81.5 76.5+2.6 8l.1
G3 65.4£5.2 61.3 63.245.6 60.2
FIGO stage 0.012 0.016
| 79.0+1.7 87.0 78.2+£1.9 86.2
Il 68.4+4.1 68.0 67.9+4.2 67.9
Depth of stromal infiltration 0.026 0.026
<lI2 80.9+1.9 85.3 80.1+2.2 84.9
=12 66.1£3.7 70.6 65.6+3.8 70.1
Tumor size (cm) 0.029 0.034
<4 78.9+22 84.1 782424 83.6
=4 66.0+4.3 67.6 65.4+4.4 67.0
Lymph node metastasis <0.001 <0.001
No 80.21.9 86.2 79.9+2.0 86.2
Yes 55.4+5.4 52.0 51.6£5.9 44.2
LvsI <0.001 <0.001
No 80.2£1.9 84.9 79.6+2.0 84.6
Yes 57.0£5.8 57.7 55.945.9 56.7
HPIP expression status 0.003 0.002
Low 82.9+1.9 90.0 82.612.1 90.8
High 66.313.1 68.8 64.913.3 67.4

Abbreviations: DFS, disease-free survival; FIGO, the Federation of Gynecology and Obstetrics; Gl, well differentiated; G2, moderately differentiated; G3, poorly
differentiated; LVSI, lymphovascular space invasion; OS, overall survival; SCC, squamous cell carcinoma.
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Table 4 Multivariate survival analysis of |19 patients with cervical cancer

Variables oS DFS

HR 95% CI P-value HR 95% CI P-value
FIGO stage 3.397 1.499-7.698 0.003 2.927 1.308-6.552 0.009
Lymph node metastasis 2.650 1.091-6.434 0.031 3.036 1.221-7.549 0.017
LVSI 2.738 1.145-6.550 0.024 2.462 1.014-5.975 0.046
HPIP expression status 3.153 1.140-8.723 0.027 2.901 1.038-8.107 0.042

Abbreviations: DFS, disease-free survival; FIGO, the Federation of Gynecology and Obstetrics; HR, hazard ratio; LVSI, lymphovascular space invasion; OS, overall survival.

knockdown of HPIP could reverse HPIP-induced epithelial—
mesenchymal transition (EMT) biomarkers, migration, and
invasion in U87 and U251 cells.!® The HPIP involving in
EMT was explored in some cancer cells, such as in A549
cells by inhibiting Smad?2 activation,* in thyroid carcinoma
cell lines and OAW42 cells by activating the PI3K/AKT
pathway,’?¢ in colorectal cancer cells by the activation of
MAPK/ERK1/2 and PI3k/AKT pathways,'? and in ovarian
cancer cells induced by TGF-B1.27 Recent data also indicated
an involvement of HPIP in tumor cell apoptosis,'? thereby
enhancing cell resistance or survival. Bugide et al*® showed
that HPIP expression confers cisplatin resistance to SKOV3
cells and its downregulation decreases the viability of these
cells and increases caspase-3 activation and PARP proteoly-
sis. Another study has inferred that HPIP may be an important
modulator of tamoxifen resistance in p53-deficient MCF7
cells through the regulation of AKT-activating proteins.'®
HPIP sensitized estrogen-receptor-positive MCF-7 cells as
well as triple-negative MDA-MB-231 cells to paclitaxel;
however, it had no effects on the sensitivity of breast cancer
cells to the tubulin polymerization inhibitor, vinblastine,
which implying that HPIP may function through micro-
tubule stabilization instead of microtubule catastrophe.”®
In addition, HPIP has been described to activate some cell
cycle regulators that may promote tumor proliferation and
progression.”!'"'? Furthermore, it revealed that HPIP could

Table 5 Multivariate analysis of the association of lymph node
metastasis with HPIP expression status in cervical cancers

Variables B SE P-value OR 95% ClI
Age (years)

<43

=43 0.108 0.584 0.854 I.114 0.354-3.499
LvsI

No

Yes 2.004 0.546 <0.001 7416 2.544-21.620
HPIP expression status

Low

High 2.047 0.680 0.003 7.746 2.043-29.365

Abbreviations: B and SE, the parameter estimator of the association coefficient
and its standard error; LVSI, lymphovascular space invasion; OR, odds ratio.

mediate specific estrogen receptor signaling in several cancer
cells.'s!72%3% These data provide important evidence that elu-
cidates the mechanism by which HPIP expression contributes
to carcinogenesis and tumor progression.

Conclusion

HPIP is overexpressed in a large proportion of CC patients,
and high HPIP expression is associated with poor prognosis
and progression, especially lymph node metastasis in CC
patients. These results suggest that HPIP may be a potential
therapeutic target for the treatment of CC.
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