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Objectives: Hematopoietic pre-B-cell leukemia transcription factor (PBX)-interacting protein 

(HPIP) plays an important role in cancer invasion and metastasis. The aim of this study is to 

investigate the expression of HPIP in epithelial ovarian cancer (EOC).

Patients and methods: Immunohistochemical method was performed using 42 normal 

ovarian specimens and 145 specimens with EOC. The correlations of HPIP expression with the 

clinicopathological factors and prognosis of EOC patients were evaluated. Statistical analyses 

were performed using the chi-square test, multivariate Cox proportional hazard, and Kaplan–

Meier method.

Results: HPIP expression in EOC was higher than that in normal tissues (P,0.001). HPIP 

expression was significantly associated with histological grade, International Federation of 

Gynecology and Obstetrics stage, and lymphatic metastasis of EOC (P,0.05). Patients with 

high HPIP expression had poorer overall survival and disease-free survival (P,0.001) compared 

with patients with low HPIP expression. Multivariate Cox analysis demonstrated that HPIP was 

an independent factor for overall survival and disease-free survival (P,0.05).

Conclusion: HPIP may be a valuable biomarker for predicting the prognosis of EOC patients 

and may serve as a potential target for cancer therapy.

Keywords: hematopoietic pre-B-cell leukemia transcription factor-interacting protein, epithelial 

ovarian cancer, immunohistochemistry, prognosis

Introduction
Epithelial ovarian cancer (EOC) is the fifth most common cause of cancer death in 

women. More than 200,000 new cases of EOC are diagnosed each year worldwide.1 

In the People’s Republic of China, the incidence rate of ovarian cancer was estimated 

to be 3.6 per 100,000 women in 2005.2 EOC is the most common type of ovarian 

cancer. Most EOC cases are often diagnosed at a late stage, and the 5-year survival 

rates for patients with advanced EOC were still ,10% between 2004 and 2008.3 

Despite improvement in surgical technology and chemotherapy, the prognosis remains 

poor, thereby necessitating the identification of biomarkers for predicting prognosis 

in EOC. Therefore, prognostic and predictive markers are highly important for early 

EOC diagnosis and for providing targets for treatment.

Hematopoietic pre-B cell leukemia transcription factor (PBX)-interacting protein 

(HPIP) is a novel oncogene that is overexpressed in various human cancers, such 

as non-small-cell lung cancer,4 human spinal glioblastoma,5 thyroid cancer,6 gastric 

cancer,7 colorectal cancer,8 breast infiltrative ductal carcinoma,9 oral carcinogenesis,10 

liver cancer,11 and human melanoma cell.12 Recent studies have demonstrated the 

multifaceted role of HPIP in pathways associated with cancer progression, includ-

ing transformation, apoptosis, invasion, and metastasis.4,6,13,14 HPIP can promote cell 
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growth by inhibiting apoptosis and activation of cell cycle 

progression, accompanied by changes in expression of 

apoptosis and cell cycle regulators.8 However, the biological 

significance and clinicopathological role of HPIP in EOC 

remain unclear.

In this study, the HPIP expression in EOC was examined 

to determine its association with clinicopathological and 

prognostic significance.

Patients and methods
Patients and treatment
Paraffin-embedded tissue samples were collected from 

145 patients with EOC diagnosed between September 2009 

and July 2011 in the Affiliated Tumor Hospital of Harbin 

Medical University. All patients underwent maximal cytore-

duction followed by platinum-based combination chemo-

therapy. All the patients intravenously received six to eight 

cycles of platinum-based combination chemotherapy (at a 

3-week interval) 3  weeks after the primary surgery. The 

chemotherapy regimen consisted of paclitaxel/paclitaxel 

liposome 135–175 mg/m2 plus nedaplatin 75 mg/m2 given on 

day 1. None of these patients were given preoperative radio-

therapy or chemotherapy before surgery. Control samples 

were obtained from 42 patients who underwent hysterectomy 

plus bilateral or unilateral oophorectomy for uterine fibroids, 

adenomyosis, or other nonovarian diseases.

The clinical and pathological characteristics of the 

patients, including age at diagnosis, histological grade, 

lymph node metastasis, and preoperative serum CA125 level, 

are described in Table 1. The tumor stage was determined 

according to the International Federation of Gynecology and 

Obstetrics (FIGO) staging system.15 The histological grade 

was classified based on the World Health Organization clas-

sification standards.16

All ovarian cancer patients were periodically followed up 

for assessing their survival, until death or the completion of 

the study in December 2014. The patients provided written 

informed consent, and ethical approval was acquired from 

the ethical committee of the Harbin Medical University.

Immunohistochemical staining
Ovarian cancer tissues were formalin fixed and paraffin 

embedded after being cut into 4 µm thick serial sections. These 

paraffin sections were disposed for immunohistochemistry 

(IHC) staining. Each slide was independently reviewed by 

two pathology experts blinded to the clinical data. The par-

affin sections were deparaffinized in xylene for 20 minutes 

and then rehydrated with graded alcohol. The sections were 

immersed for 10 minutes in 3% hydrogen peroxide, as well 

as inactivated endogenous peroxidase. All slides were auto-

claved at 121°C to retrieve the antigenicity for 4 minutes and 

then immersed in 0.01 mol/L citrate buffer (pH 6.0), after 

cooling down to room temperature. These slides were incu-

bated overnight with rabbit anti-HPIP antibodies (Abcam, 

Cambridge, MA, USA) at a dilution of 1:200 inside the 

humidor at 4°C, immobilized thrice with phosphate-buffered 

saline, and then incubated with rabbit secondary antibodies 

for 20 minutes inside the humidor under room temperature. 

HPIP expression was visualized with 3,3-diaminobenzidine 

tetrahydrochloride, counterstained with Mayer’s hematoxy-

lin, dehydrated in gradient alcohol, sealed with neutral resin, 

and then kept in the oven at 60°C for 48 hours. A paraffin-

embedded block of a proven cervical cancer was used as a 

positive control. The negative control slides were stained 

with rabbit serum instead of primary antibodies.

Staining intensity used was as follows: 0 (no staining); 

1 (weak staining); 2 (moderate staining); and 3 (strong stain-

ing). The percentage of staining was scored as 0 (,5% positive 

cells), 1 (5%–25% positive cells), 2 (25%–50% positive cells), 

3 (51%–75% positive cells), and 4 (.75% positive cells). 

Table 1 Association analyses between the expression levels of 
HPIP and the clinicopathological characteristics of EOC

Variables Patients,  
n

HPIP expression P-valuea

Low High

All cases
Age (years) 0.586

#55 76 23 53
.55 69 18 51

FIGO stage 0.029
I–II 34 15 19
III–IV 111 26 85

Histological grade ,0.001
G1 40 22 18
G2/G3 105 19 86

Histological type 0.391
Serous 105 27 78
Mucinous 25 7 18
Endometrioid 10 5 5
Clear cell 5 2 3

CA125 (U/mL) 1.000
#35 25 7 18
.35 120 34 86

Lymph node metastasis ,0.001
No 109 39 70
Yes 36 2 34

Notes: aChi-square test. G1, well differentiated; G2, moderately differentiated; 
G3, poorly differentiated.
Abbreviations: HPIP, hematopoietic pre-B cell leukemia transcription factor 
(PBX)-interacting protein; EOC, epithelial ovarian cancer; FIGO, International 
Federation of Gynecology and Obstetrics.
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The final score as mentioned earlier was multiplied. For 

HPIP, we adopted a score of 0–2 as negative and a score of 

3–12 as positive.7

Statistical analysis
The Pearson’s chi-square test was used to analyze the 

association of HPIP expression levels with various clinico-

pathological factors. The associations between HPIP expres-

sion and the prognosis of patients with epithelial ovarian 

carcinoma were calculated using the Kaplan–Meier method 

and the log-rank test. Multivariate survival was performed 

using a Cox regression model to analyze the independent 

prognosis factors. In all tests, P-value ,0.05 was indicated 

to be statistically significant. All statistical analyses were 

conducted using SPSS 22.0 software (IBM Corporation, 

Armonk, NY, USA).

Results
HPIP expression in EOC
HPIP expression was significantly higher in the EOC tissues 

than in the normal ovarian tissues (P,0.001). Figure 1A–D 

shows representative IHC results of HPIP staining in EOC. 

The HPIP expression was localized in the cytoplasm of tumor 

cells. Of the 145 EOC cases, 41 (28.3%) and 104 (71.7%) 

showed negative and positive HPIP expression, respectively. 

Furthermore, positive HPIP expression was significantly 

associated with FIGO stage (P=0.029), histological grade 

(P,0.001), and lymph node metastasis (P,0.001). However, 

HPIP expression did not correlate with age (P=0.586) and 

preoperative serum CA125 level (Table 1; P=1.000).

Relationship between HPIP expression 
and patient survival
The patients with HPIP low expression had a significantly 

better overall survival (OS) and disease-free survival (DFS) 

compared with patients with high HPIP expression (both 

P,0.001; Table 2, Figure 2).

Multivariate analysis demonstrated that HPIP high 

expression was an independent prognostic factor for both OS 

and DFS (Table 3; P=0.005 and P,0.001, respectively).

Discussion
We investigated HPIP expression by IHC in 145 EOC 

specimens. We demonstrated that high HPIP expression 

Figure 1 Immunohistochemical staining of HPIP in EOC specimens (4×100).
Notes: (A and B) Low expression of HPIP in EOC; (C and D) high expression of HPIP in EOC.
Abbreviations: HPIP, hematopoietic pre-B cell leukemia transcription factor (PBX)-interacting protein; EOC, epithelial ovarian cancer.
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Table 2 Univariate survival analysis of OS and DFS in 145 patients with EOC

Variables n OS P-valuea DFS P-valuea

Mean ± SE 
(months)

95% CI Mean ± SE 
(months)

95% CI

Age (years) 0.319 0.417
#55 76 51±3 45–56 40±3 34–46
.55 69 47±3 42–52 37±2 32–42

FIGO stage ,0.001 ,0.001
I + II 34 65±4 58–72 56±4 48–65
III + IV 111 44±2 41–48 33±2 29–37

Histological grade ,0.001 ,0.001
G1 40 64±3 57–70 52±4 45–60
G2/G3 105 43±2 39–47 33±2 29–37

Histological type 0.960 0.946
Serous 105 49±2 45–53 38±2 34–42
Mucinous 25 48±5 39–57 39±5 30–48
Endometrioid 10 47±8 32–63 42±9 25–58
Clear cell 5 50±6 38–62 36±8 21–52

CA125 (U/mL) 0.882 0.958
#35 25 48±5 39–57 39±5 30–48
.35 120 50±2 45–54 38±2 34–43

Lymph node metastasis 0.002 ,0.001
No 109 53±2 48–57 42±2 38–47
Yes 36 38±3 32–44 27±3 22–32

HPIP ,0.001 ,0.001
Low expression 41 63±3 57–69 54±4 47–62
High expression 104 43±2 39–47 32±2 28–35

Notes: aLog-rank test. G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated.
Abbreviations: OS, overall survival; DFS, disease-free survival; EOC, epithelial ovarian cancer; CI, confidence interval; SE, standard error; FIGO, International Federation 
of Gynecology and Obstetrics; HPIP, hematopoietic pre-B cell leukemia transcription factor (PBX)-interacting protein.

Figure 2 Kaplan–Meier analysis of overall survival and disease-free survival related to the expression of HPIP.
Notes: Patients with high expression of HPIP had a poorer prognosis than patients with low expression of HPIP. (A) Overall survival curves of the EOC according to their 
HPIP expression status, P,0.001; (B) disease-free survival curves of the EOC patients according to their HPIP expression status, P,0.001.
Abbreviations: HPIP, hematopoietic pre-B cell leukemia transcription factor (PBX)-interacting protein; EOC, epithelial ovarian cancer.

was significantly associated with tumor progression and 

poor prognosis. This finding indicates that HPIP may be an 

independent prognostic biomarker. To our knowledge, this is 

the first study to investigate the association of clinicopatho-

logical characteristics and prognostic significance of HPIP 

expression in EOC.

We investigated HPIP expression in EOC tissue and 

normal ovarian epithelium tissue by IHC. We observed that 

high HPIP expression was associated with FIGO stage, lymph 

node metastasis, and histological grade. Our data showed that 

patients with high HPIP expression showed unfavorable 

OS and DFS. In addition, HPIP may be  an  independent 
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prognostic factor in EOC. These results indicate that HPIP 

expression plays an important role in EOC development 

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.17–19 All these findings suggest an important tumor 

biological role of HPIP in tumorigenesis and malignant 

transformation.

To date, some studies can explain the mechanisms by 

which HPIP promotes cancer development. High expres-

sion of HPIP leads to activation of some oncogenes, such 

as cyclin A, cyclin B, and cyclin D1 in some cell lines.7 

Recent studies also demonstrated a key role of HPIP in signal 

transduction pathways, thereby promoting cell proliferation. 

Wang et al6 demonstrated that HPIP may have a vital func-

tion in PI3K/AKT signaling transduction pathways, which 

regulate multiple biological behavior, such as apoptosis, cell 

carcinogenesis, and epithelial–mesenchymal transition. Some 

studies have inferred that HPIP can mediate specific estrogen 

receptor signaling in several cancer cells.13,14,20,21 Feng et al8 

speculated that HPIP could activate MAPK/ERK pathway in 

colorectal cancer cell, thereby promote tumor proliferation 

and migration.8 These research studies provide important 

information that demonstrates the mechanism by which HPIP 

contributes to carcinogenesis and tumor development.

The significant role of HPIP in cancer also suggests this as 

a potential target for anticancer therapies. Blocking of HPIP 

expression can significantly inhibit cell anchorage-dependent 

and proliferation of human hepatic carcinoma cell.11 Wang 

et al6 demonstrated that knockdown of HPIP could inhibit 

thyroid carcinoma cell proliferation, migration/invasion, and 

epithelial–mesenchymal transition. HPIP knockdown also 

reduces thyroid tumor growth in nude mice.6 These studies 

indicate HPIP as a target gene for therapy of EOC.

The present study is the first to illustrate HPIP as a 

potential biomarker in predicting tumor progression and 

EOC prognosis. However, this study still has several limita-

tions; in particular, this study is relatively small scale and 

involves a short follow-up period for patients. Therefore, 

a well-designed study with a large size of EOC samples is 

needed. Further studies should investigate the role of HPIP in 

various ovarian carcinoma cell lines and determine whether 

combining HPIP with other molecular markers can improve 

the outcome of EOC patients.

Conclusion
HPIP is overexpressed in EOC patients, and high HPIP 

expression is related to unfavorable prognosis in EOC.
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