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Background: Hyaluronic acid-binding protein 1 (HABP1/gC1qR/p32) has been recently 

implicated in oncogenesis and cancer progression in various malignancies; however, its clinical 

role in gastric cancer (GC) is still unclear.

Patients and methods: First, HABP1 expression was determined by Western blot analysis 

and immunohistochemistry. Then, we evaluated the expression of HABP1 and its clinical 

significance in tumor tissues from 181 patients with GC.

Results: Expression of HABP1 protein in GC tissues was noticeably higher than that in adjacent 

nonneoplastic tissues (P=0.018). Increased HABP1 expression was significantly associated 

with tumor, node, and metastasis (TNM) stage (P=0.006), depth of invasion (P=0.001), lymph 

node metastasis (P=0.001), liver metastasis (P=0.024), and peritoneum metastasis (P=0.009). 

Patients with high expression of HABP1 had poor overall survival rate (P,0.001). In addition, 

histologic grade (P=0.017), TNM stage (P,0.001), Borrmann grouping (P,0.001), depth of 

invasion (P,0.001), lymph node metastasis (P,0.001), liver metastasis (P=0.010), and tumor 

size (P,0.001) were independent prognostic factors for overall survival. Multivariate Cox 

regression analysis revealed that HABP1 (P=0.004), histologic grade (P=0.047), TNM stage 

(P,0.001), Borrmann grouping (P,0.001), and liver metastasis (P=0.038) were independent 

factors for overall survival in patients with GC.

Conclusion: These findings demonstrated that HABP1 was an indicator for GC progression 

and poor survival, which highlighted its potential role as a therapeutic target for GCs.

Keywords: hyaluronic acid-binding protein 1, gastric cancer, overall survival rate, overexpres-

sion, prognosis

Introduction
Gastric cancer (GC) remains the fourth most frequent cancer and the second most 

fatal among all cancers globally.1,2 Almost two-thirds of GC cases occur in developing 

countries and 42% in China alone. Despite dramatic improvements in the early diag-

nosis and multimodal treatment of this disease, patients with advanced stage disease 

frequently have poor prognosis because of the high rate of metastasis.3 Over the past 

few decades, the prognosis of GC patients remains unsatisfactory, typically with a 

5-year survival rate of ,30%.4,5 Therefore, the identification of molecular prognostic 

biomarkers that control tumor progression and metastasis will help provide a more 

effective therapeutic approach to GC.

Hyaluronic acid-binding protein 1 (HABP1/gC1qR/p32), which is localized in 

human chromosome 17p13.3, is expressed ubiquitously in different rat tissues and is 

present in eukaryotic species from yeast to humans.6 It was first detected in human 
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cervical cancer (HeLa) cells and was characterized as a novel 

protein with high affinity for hyaluronic acid (HA).7,8 HABP1 

was reported to be overexpressed in various human cancer cell 

lines, such as BT549, MDA-MB-231, B16F10, and HepG2,9–11 

and also in several types of human cancers, including breast 

cancer,9 ovarian cancer,12,13 and endometrial cancer.14 More-

over, elevated HABP1 expression has been associated with 

disease progression, metastasis, and poor prognosis in these 

cancers.9–14 However, there have been no studies examining 

the clinical significance of HABP1 in human GC.

The aim of this study was to determine the level of expres-

sion of HABP1 in GC and to analyze its relationship with 

clinicopathological features, including patient outcome.

Patients and methods
Patients and clinical samples
After the study was approved by the Medical Ethics Com-

mittee of the Tumor Hospital of Harbin Medical University, 

archived formalin-fixed, paraffin-embedded samples were 

collected from 181 patients with GC who were surgically 

treated in the Third Affiliated Hospital, Harbin Medical Uni-

versity, Harbin, China, between January 2009 and December 

2009. In addition, 20 fresh GC and paired adjacent non-

neoplastic tissues were collected and frozen at −80°C until 

protein extraction. None of the patients received radiotherapy 

or chemotherapy before surgical treatment. A total of 105 

patients received 3–6 cycles of oxaliplatin-based chemother-

apy after surgery according to the postoperative pathological 

report. The staging of tumors was performed according to 

the American Joint Committee on Cancer criteria.15

The clinicopathological characteristics of the 181 patients 

with GC are listed in Table 1. The median age was 58 years, 

ranging from 32 to 85 years. The follow-up period was defined 

as the interval between the date of diagnosis and the date of 

the patient’s death or the last visit. All the patients with GC 

were followed up for survival analysis until February 28, 2015 

(median, 20 months; range, 2–72 months). All patients pro-

vided written informed consent to participate in the study.

Western blot analysis
Frozen tissue specimens were homogenized in radioim-

munoprecipitation assay (RIPA) buffer consisting of 1% 

protease inhibitor mixture. The mixture was centrifuged 

at 12,000×  g for 15  minutes at 4°C, and the supernatant 

was obtained. Total proteins were quantified, and 30 μg of 

protein per sample was separated by 12% sodium dodecyl 

sulfate polyacrylamide gel electrophoresis and transferred 

onto polyvinylidene fluoride film (Bio-Rad, Carpinte-

ria, CA, USA). The membranes were blocked by 2% bovine 

serum albumin at 37°C for 1 hour and incubated with pri-

mary antibodies, anti-HABP1 (1:800 dilution, ab24733; 

Abcam, Cambridge, MA, USA), overnight at 4°C. After a 

standard washing, the film was incubated with horseradish 

peroxidase-labeled secondary antibody for 1 hour at room 

temperature and washed again. The blots were stained using a 

SuperSignal Kit (Pierce, Rockford, IL, USA) and imaged by 

a charge-coupled camera LAS4000 (Fujifilm, Tokyo, Japan). 

The experiment was repeated in triplicate.

Table 1 Clinical correlation of HABP1 protein expression in GC

Parameters Total 
(N=181)

HABP1 protein P-value

Low 
expression (%)

High 
expression (%)

Age (years) 0.666a

,60 97 47 (48.5) 50 (51.5)
$60 84 38 (45.2) 46 (54.8)

Gender 0.233a

Male 125 55 (44.0) 70 (56.0)
Female 56 30 (53.6) 26 (46.4)

Histologic grade 0.890a

G1/G2 37 17 (45.9) 20 (54.1)
G3 144 68 (47.2) 76 (57.8)

TNM stage 0.006a

I/II 43 28 (65.1) 15 (38.9) 
III/IV 138 57 (41.3) 81 (58.7) 

Borrmann grouping 0.371b

I 3 1 (33.3) 2 (66.7)
II 22 14 (63.6) 8 (36.4)
III 142 63 (44.4) 79 (55.6)
IV 14 7 (50.0) 7 (50.0)

Depth of invasion 0.001a

T1/T2 23 18 (78.3) 5 (21.7) 
T3/T4 158 67 (42.4) 91 (57.6)

Lymph node metastasis 0.001a

Negative 33 24 (72.7) 9 (27.3)
Positive 148 61 (41.2) 87 (58.8)

Liver metastasis 0.024a

Negative 160 80 (50.0) 80 (50.0)
Positive 21 5 (23.8) 16 (76.2)

Peritoneum metastasis 0.009a

Negative 135 71 (52.6) 64 (47.4)
Positive 46 14 (30.4) 32 (69.6)

Tumor size (diameter), cm 0.564a

,5 60 30 (50.0) 30 (50.0)
$5 121 55 (45.5) 66 (54.5)

Location 0.423a

Upper 25 14 (56.0) 11 (44.0)
Middle 45 18 (40.0) 27 (60.0)
Lower 111 53 (47.7) 58 (52.3)

Notes: aChi-square test. bFisher test.
Abbreviations: GC, gastric cancer; TNM, tumor, node, and metastasis.
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Immunohistochemistry (IHC)
Following the manufacturer’s instructions, IHC staining 

was performed using the Two-Step IHC Detection reagent 

(PV-6001) kit (Zhong Shan Golden Bridge Biological 

Technology Inc, Beijing, China) on formalin-fixed, paraffin-

embedded 4 μm-thick tissue sections. Briefly, the sections 

were immersed in 3% hydrogen peroxide for 10 minutes to 

remove endogenous peroxidase. HABP1 antigen retrieval 

was performed by heating in a pressure cooker for 3 minutes 

in 10 mmol/L citrate buffer (pH 6.0). Sections were incubated 

with a mouse monoclonal antibody against HABP1 (1:100 

dilution; ab24733) overnight at 4°C. After washing with 

phosphate-buffered saline (PBS), the slides were incubated 

with a secondary antibody for 20 minutes at room tempera-

ture. The complexes of antigen antibody were detected with 

3,3′-diaminobenzidine tetrahydrochloride (Dako, Hamburg, 

Germany), and the slides were lightly counterstained with 

hematoxylin and then examined by light microscopy. The 

negative control was sample stained with PBS instead of 

primary antibodies. Endometrial cancer with a positive 

HABP1 expression was used as the positive control.14

The levels of HABP1 expression were scored by combin-

ing the percentage and intensity of positively stained tumor 

cells.13,14 The percentage was classified as follows: 0 (0%), 

1 (0%–10%), 2 (10%–50%), and 3 (.50%). The intensity 

was also scored as follows: 0 (negative staining), 1 (weak 

staining), 2 (moderate staining), and 3 (intense staining). The 

final scores of HABP1 expression, ranging from 0 to 9, were 

calculated by multiplying the positive proportion score by 

the staining intensity score. Patients with a final score of ,4 

were classified into low expression group and vice versa.

This procedure was carried out by two independent 

pathologists who were blinded to the clinicopathological 

variables of the patients. Any score discrepancies were 

reviewed by the original two pathologists and a senior 

pathologist until a consensus was reached.

Statistical analysis
Chi-square test or Fisher’s exact test was performed to assess 

differences in clinicopathological parameters. Survival 

curves were plotted by using the Kaplan–Meier method and 

compared using the log-rank test. The Cox proportional 

hazard model was used for the multivariate analysis of the 

independent prognostic factors for overall survival. All of 

the analyses were performed using SPSS 13.0 for Windows 

(SPSS, Chicago, IL, USA). Two-sided P,0.05 was consid-

ered as statistically significant.

Results
The status of HABP1 protein expression 
in GC tissues
HABP1 expression was mainly localized in the cytoplasmic 

compartment of the tumor cells, with minute staining in 

both nuclei and cytoplasm. The representative images of its 

immunostaining are shown in Figure 1A.

Western blot demonstrated a specific band for HABP1 at 

33 kDa (Figure 1B). Western blot analysis showed low expres-

sion in paired adjacent nonneoplastic tissues. High levels of 

HABP1 expression were significantly detected in GC tissues 

than in adjacent nonneoplastic tissues (Figure 1C, P=0.018).

The association between HABP1 protein 
expression and clinicopathological 
parameters in GCs
Of the GC specimens examined (Figure 2), low HABP1 

expression was detected in 85 of the 181 (47.0%) patients 

and high HABP1 expression was detected in 96 of the 

181 (53.0%) patients. Table 1 summarizes the relationship 

between HABP1 expression and clinicopathological vari-

ables in GC. Elevated HABP1 expression was significantly 

associated with tumor, node, and metastasis (TNM) stage 

(P=0.006), depth of invasion (P=0.001), lymph node metas-

tasis (P=0.001), liver metastasis (P=0.024), and peritoneum 

metastasis (P=0.009). However, no positive correlation of 

HABP1 with age, gender, histologic grade, Borrmann group-

ing, tumor size, and location was observed (P.0.05).

Clinical impact of HABP1 protein on 
survival in GCs
Univariate combined with multivariate analyses were 

performed to evaluate the predictors for overall survival 

in GC patients (Table 2). The 5-year overall survival 

rate was 17.7% in patients with HABP1 overexpression 

and 47.2% (P,0.001) in its counterpart (Figure 3A). 

In addition to HABP1, histologic grade (P=0.017), TNM 

stage (P,0.001), Borrmann grouping (P,0.001), depth 

of invasion (P,0.001), lymph node metastasis (P,0.001), 

liver metastasis (P=0.010), and tumor size (P,0.001) are 

correlated with prognosis of GC. Significant parameters 

in univariate Kaplan–Meier analysis were entered into the 

multivariate Cox regression model, and the multivariate Cox 

regression analysis showed that increased HABP1 expres-

sion (P=0.004, hazard ratio [HR] =1.730, 95% confidence 

interval [CI]: 1.187–2.522) accompanied by histologic grade 

(P=0.047, HR =1.671, 95% CI: 1.007–2.773), TNM stage 
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(P,0.001, HR =4.230, 95% CI: 2.073–8.632), Borrmann 

grouping (P=0.005, HR =8.664, 95% CI: 1.890–39.719), and 

liver metastasis (P=0.038, HR =1.754, 95% CI: 1.031–2.985) 

were independent biomarkers for indicating overall survival 

in patients with GC.

To eliminate the effect of TNM stage on prognosis, we 

performed a stage-stratified analysis of all patients according to 

the level of HABP1 expression and found that elevated HABP1 

expression highly affected overall survival in patients with both 

TNM stage I/II (P=0.002) and TNM stage III/IV (P=0.038). 

The survival curves for the patients with GC in the two groups 

stratified by TNM stage are specified in Figure 3B and C.

Discussion
In this study, we have demonstrated that HABP1 protein 

expression in GC tissues was strongly higher than that in adja-

cent nonneoplastic tissues. Elevated HABP1 expression was 

highly associated with TNM stage, depth of invasion, lymph 

node metastasis, liver metastasis, peritoneum metastasis, 

and poor prognosis, suggesting that HABP1 protein could 

be a valuable biomarker to indicate tumor progression and 

prognosis for patients with GC.

HABP1 has been reported to appear in various cellular 

compartments, including the nucleus,16 mitochondria,17,18 

and Golgi,19 and secreted into the extracellular20 in different 

β

Figure 1 The status of HABP1 expression in gastric cancer tissues.
Notes: (A) Immunohistochemical staining: (a) negative control in GCs, (b) positive control in endometrial cancers, (c) low expression in GCs, and (d) high expression in GCs. 
(B) Western immunoblot analysis of HABP1 expression in adjacent N and GC. (C) Histogram of pooled data from fresh GC tissues (n=20) and paired adjacent nonneoplastic 
tissues (n=20). HABP1 expression was obviously higher in GC than that in adjacent nonneoplastic tissues (*P=0.018).
Abbreviation: GCs, gastric cancers; N, nonneoplastic tissues; T, GC tissues.
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cell types. However, we only observed minute HABP1 

staining in nuclei and predominate HABP1 staining in 

cytoplasm. Upon the observation that the nuclear transloca-

tion of HABP1 is concurrent with that of ERK, it indicates 

that ERK activation is a requirement for the transloca-

tion of HABP1.21 This may attribute to the different cell 

cycles, different cell types, and the specific stages of tumor 

progression.22

Our results are similar to those of previous studies on the 

potential function of increased HABP1 expression in carcino-

genesis, progression, invasion, and metastasis in malignant 

tumors.9,10,13,14 Increased HABP1 expression in endometrial 

Figure 2 Representative immunostaining for HABP1 expression in GC.
Notes: (A, a and B, b) High expression in GC. (C, c and D, d) Low expression in GC. (A–D) Original magnification: ×100. Images a–d show the magnification (×200) of 
images A–D.
Abbreviation: GC, gastric cancer.
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Table 2 Univariate and multivariate survival analyses of overall survival in 181 patients with GC

Parameters Overall survival

Univariate Multivariate

Mean ± standard 
error (months)

P-valuea HR (95% CI) P-valueb

Age (years) 0.412
,60 36.1±2.8
$60 31.9±2.8

Gender 0.601
Male 33.9±2.4
Female 35.1±3.7

Histologic grade 0.017 0.047
G1/G2 41.4±4.3 1.000 (reference)
G3 30.0±2.2 1.671 (1.007–2.773)

TNM stage ,0.001 ,0.001
I/II 61.8±3.2 1.000 (reference)
III/IV 25.9±1.9 4.230 (2.073–8.632)

Borrmann grouping ,0.001 ,0.001
I 28.3±13.7 1.000 (reference)
II 56.7±4.8 0.784 (0.152–4.053) 0.772
III 33.4±2.2 1.612 (0.394–6.597) 0.506
IV 7.9±0.9 8.664 (1.890–39.719) 0.005

Depth of invasion ,0.001
T1/T2 63.3±4.1
T3/T4 30.2±2.0

Lymph node metastasis ,0.001
Negative 56.6±3.9  
Positive 29.3±2.1

Liver metastasis 0.010 0.038
Negative 36.1±2.2 1.000 (reference)
Positive 20.9±4.4 1.754 (1.031–2.985)

Peritoneum metastasis 0.376
Negative 34.9±2.4
Positive 32.6±3.7

Tumor size (diameter), cm ,0.001
,5 49.5±3.4
$5 26.9±2.2

Location 0.589
Upper 36.9±5.5
Middle 29.9±3.9
Lower 35.6±2.6

HABP1 expression ,0.001 0.004
Low 42.8±3.1 1.000 (reference)
High 26.9±2.4 1.730 (1.187–2.522)

Notes: aLog-rank test. bCox regression test.
Abbreviations: CI, confidence interval; HR, hazard ratio; TNM, tumor, node, and metastasis.

cancer correlated with Federation International of Gynecol-

ogy and Obstetrics (FIGO) stage, histological grade, depth 

of myometrial invasion, vascular/lymphatic invasion, and 

lymph node metastasis.14 Furthermore, HABP1 was overex-

pressed in breast cancer and correlated with tumor stage and 

lymph node metastasis.9 In addition to the abovementioned 

results, HABP1 was associated with histological grade, tumor 

size, and recurrence in triple-negative breast cancer.23 Also, 

HABP1 was reported to relate with histological grade, serum 

CA125, and FIGO stage in ovarian cancer.12 Collectively, 

the above data suggest that HABP1 plays an important role 

in the oncogenesis and progression of human tumors.

Recently, studies have shown that HABP1 could be impli-

cated in tumor growth, proliferation, migration, and metasta-

sis; however, the definite mechanism remains unclear. Prakash 

et al10 found that HABP1 involved in tumor formation with the 

research that the treatment of curcumin, the anticancer drug 

along with HABP1, could inhibit the migration, expression 
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Figure 3 Kaplan–Meier analysis of HABP1 expression in patients with GC.
Notes: (A) The relationship of HABP1 expression with overall survival in all 181 patients. (B) The relationship of HABP1 expression with overall survival in TNM stage I/II. 
(C) The relationship of HABP1 expression with overall survival in TNM stage III/IV.
Abbreviations: GC, gastric cancer; TNM, tumor, node, and metastasis.

of MT1-MMP, and activation of MMP-2. Another research 

observed that with the onset of metastasis, HABP1 overex-

pression was confined to metastatic islands, while it disap-

peared gradually from the surrounding mass, implying a 

role in the regulation of tumor metastasis.22 In HepG2 cells, 

constitutively increased HABP1 expression leads to enhanced 

tumorigenic potential by HA-mediated pathways.11 Saha et 

al24 demonstrated that HABP1 induced HA cable formation 

in enhancing tumor potency by maintaining the oxidant levels 

and subsequent autophagic vacuolation. Silencing HABP1 

inhibits proliferation and suppresses the migration and inva-

sion ability of BT549 and MDA-MB-231 cell lines and also 

obviously slows down tumor growth in mice.9 All these results 

indicate the possibility to make HABP1 as a potential therapy 

target for GC. Definitely, further evidence from basic study is 

still needed. Besides, because of mitochondrial accumulation 

of HABP1, excess reactive oxygen species (ROS) genera-

tion in HABP1-overexpressing cells could lead to apoptosis 

in fibroblasts.25 Yet, whether HABP1 was associated with 

apoptosis in tumor cells especially chemotherapy resistance 

remains to be elucidated.

Conclusion
HABP1 expression is elevated in some GCs. High HABP1 

expression correlates clearly with disease progression, metas-

tasis, and poor survival. Therefore, the HABP1 gene is an 

important biomarker for predicting unfavorable biological 

behavior and a potential therapy target for GC.
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