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Prognostic significance of GRP78/BiP expression in patients with  
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K. KAIRA1,‡,*, M. TOYODA2,‡, A. SHIMIZU3,‡, H. IMAI6, K. Sakakura2, O. NIKKUNI2, M. SUZUKI5, M. IIJIMA7, T. ASAO1, K. CHIKAMATSU2

1Department of Oncology Clinical Development; 2Department of Otolaryngology-Head and Neck Surgery; 3Department of Dermatology; 4De-
partment of Diagnostic Pathology, Gunma Graduate School of Medicine; 5Department of Head & Neck Surgery; 6Department of Respiratory 
medicine; 7Department of Pathology and Clinical Laboratories, Gunma Prefectural Cancer Center

*Correspondence: kkaira1970@yahoo.co.jp
‡Contributed equally to this work.

Received October 2, 2015 / Accepted December 15, 2105

The immunoglobulin heavy chain binding protein (BiP)/glucose-regulated protein 78 (GRP78) plays an essential role in 
the endoplasmic reticulum (ER) stress, and GRP78/BiP is known to be highly expressed in various human neoplasms. The 
clinicopathological features of GRP78/BiP expression in patients with advanced hypopharyngeal squamous cell carcinoma 
(HSCC) remain unclear. The aim of this study is to elucidate the prognostic significance of GRP78/BiP for HSCC.

A total of 68 patients with advanced HSCC (stage III/IV) were analyzed, and tumor specimens were stained with immu-
nohistochemistry for GRP78/BiP, Ki-67, and microvessel density (MVD), as determined through CD34 and p53 levels. 

GRP78/BiP was highly expressed in 80.8% (55/68) of all patients. The expression level of GRP78/BiP disclosed no signifi-
cant relationship with any variables. Multivariate analysis confirmed that low expression of GRP78/BiP was an independent 
prognostic factor for predicting poor overall survival and progression-free survival in patients with advanced HSCC. 

The decreasing expression of GRP78/BiP was identified as a significant predictor related to shorter survival duration after 
surgery for advanced HSCC. Our study suggests that the reduced expression of GRP78/BiP contributes to worse survival for 
patients with advanced head and neck cancer.
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Head and neck cancer is a  difficult disease to survive; 
improving survival advantage after systemic chemotherapy, 
especially in patients with advanced staging and cancers of 
the oral cavity, oropharynx, hypopharynx, and larynx, is dif-
ficult [1]. Of these head and neck cancers, hypopharyngeal 
squamous cell carcinoma (HSCC) is one with the worst 
prognosis regardless of appropriate therapeutics. HSCC is 
known to be a highly aggressive neoplasm, including inva-
sion of the adjacent structures and enlarged cervical lymph 
node metastases. Currently, the efficacy of standard treatment 
against advanced HSCC is limited and an effective targeting 
therapeutic method is necessary to improve the outcome. 
Therefore, clinical and pathological biomarkers as significant 
predictors after treatment should be established to improve 
the prognosis of therapy. 

 The glucose-regulated protein GRP78, also referred to 
as an immunoglobulin heavy chain binding protein (BiP), 

is a 78k-Da protein and a major molecular chaperone at the 
endoplasmic reticulum (ER). It has been elucidated in the 
cytoplasm and on the cell membrane [2,3]. GRP78/BiP is 
utilized in the folding and assembly of newly synthesized 
proteins in the ER and possesses enhanced resistance to ER-
stress-induced apoptosis [2.3]. It has been described that 
GRP78/BiP is highly expressed in many cancer cell lines 
and human cancers, correlated with malignant formation, 
metastases, and resistance to chemotherapy [3,4]. Recently, 
the clinicopathological investigations of GRP78/BiP in cancer 
patients such as lung cancer, breast cancer, hepatocellular 
cancer, prostate cancer, and gastric cancer, have been explored 
and discussed in several studies [3, 5-12]. In head and neck 
cancers, especially, there has been considerable focus on 
the malignant aggressiveness and prognostic significance of 
GRP78/BiP expression in patients with oral SCC [5-7]. These 
studies disclosed that the expression of GRP78/BiP is related 
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to the survival and the tumor aggressiveness such as disease 
staging, metastasis, and tumor size [5-12]. One report has 
described that the positive GRP78/BiP expression was proved 
to be a  significant independent biomarker for predicting 
poor prognosis of oral SCC, but another report documented 
that weak GRP78/BiP expression is more closely associated 
with advanced disease stage and lymph node metastasis than 
strong GRP78/BiP expression [5-8]. Presently it is unknown 
whether the patients with oral SCC show more unfavorable 
prognosis in the high expression of GRP78/BiP than in the 
low expression of GRP78/BiP. However, there is no report 
regarding the relationship between the expression level of 
GRP78/BiP and clinicopathological features in patients with 
HSCC. Based on these background, the aim of our study was 
to examine the clinicopathological significance of GRP78/BiP 
protein expression as an ER stress-related marker in patients 
with HSCC, by using immunohistochemical technique as in 
our previously described tumor tissues [13]. 

Patients and methods

Patients. Between March 2000 and May 2012, seventy-eight 
patients with HSCC stage III or IV disease who were diagnosed 
as having HSCC, underwent surgical resection at Gunma Uni-
versity Hospital and Gunma Prefectural Cancer Center. Three 
patients without pathological specimens available and seven 
patients with pathological stage I or II disease were excluded 
from the current study. Thus, a total of 68 patients with stage 
III or IV were eligible for the study. 

Formalin-fixed, paraffin-embedded primary tumor samples 
from the 68 patients were analyzed. All surgical specimens 
were reviewed and classified according to the WHO classifica-
tion by an experienced pathologist who was unaware of the 
clinical or imaging findings. Pathologic tumor-node-metasta-
sis (TNM) stages were established by using the Classification 
of Malignant Tumors provided by the International Union 
against Cancer (UICC) and American Joint Committee on 
Cancer (AJCC) system. The study protocol was approved by 
the institutional review board. The authors’ approach to the 
evaluation and resection of these tumors has been described 
previously [13]. 

Immunohistochemical staining. GRP78/BiP was detected 
by using rabbit monoclonal antibodies (Cell Signaling Tech-
nology, Danvers, MA, 1:100 dilution). The detailed protocol 
for immunostaining has been published elsewhere [14,15]. 
GRP78/BiP expression scores were assessed according to the 
extent of staining as follows: 1, ≤ 10% of tumor area stained; 2, 
11-25% stained; 3, 26-50% stained; 4, 51-75%; 5, ≥76% stained. 
The tumors in which stained tumor cells were scored as 3 to 5 
were defined as high-expression tumors. 

For CD34, Ki-67, and p53, immunohistochemical stain-
ing was performed according to the procedures described in 
a previous report [14,15]. The following antibodies were used: 
mouse monoclonal antibodies against CD34 (Nichirei, Tokyo, 
Japan; 1:800 dilution), Ki-67 (Dako, Glostrup, Denmark; 1:40 

dilution), and p53 (D07; Dako; 1:50 dilution). The number of 
CD34-positive vessels was counted in four selected hotspots 
in a  400X field (0.26 mm2 field area). Microvessel density 
(MVD) was defined as the mean microvessel count per 0.26 
mm2 field area. The median numbers of CD34-positive vessels 
were evaluated, and the tumors in which stained tumor cells 
exceeded the median value were defined as high-expression 
tumors. For Ki-67, a highly cellular area of the immunostained 
sections was evaluated. All epithelial cells with nuclear staining 
of any intensity were defined as high-expression cells. Approxi-
mately 1000 nuclei were counted on each slide. Proliferative 
activity was assessed as the percentage of Ki-67-stained nuclei 
(Ki-67 labeling index) in the sample. The median value of the 
Ki-67 labeling index was evaluated, and the tumors exceeding 
the median value were defined as high-expression tumors. 
For p53, a microscopic examination of the nuclear reaction 
product was performed and scored. Based on a previous report 
[14], p53 expression greater than 10% of the tumor cells was 
defined as positive expression. The sections were assessed by 
using light microscopy in a blinded fashion by at least two of 
the authors. 

Statistical analysis. P-values of <0.05 indicated a statisti-
cally significant difference. Fisher’s exact test was used to 
examine the association of two categorical variables. The 
correlation between different variables was analyzed by us-
ing the nonparametric Spearman’s rank test. Kaplan-Meier 
method was used to estimate survival as a function of time, and 
survival differences were analyzed by using the log-rank test. 
Overall survival (OS) was determined as the time from tumor 
resection to death from any cause. Progression-free survival 
(PFS) was defined as the time between tumor resection and 
the first disease progression or death. Multivariate analyses 
were performed by using stepwise Cox proportional hazards 
model to identify independent prognostic factors. Statistical 
analyses were performed by using JMP 8 (SAS, Institute Inc., 
Cary, NC, USA) for Windows.

Results

Patient characteristics and immunohistochemical evalu-
ation. The median age of the patients was 68 years (range, 37 
to 82 years). Twelve patients had stage III disease, and 56 had 
stage IV disease. Forty-eight patients received postoperative 
adjuvant chemotherapy with cisplatin, 5-FU (fluorouracil), 
docetaxel, or S-1 (Taiho Pharmaceutical Co., Ltd, Tokyo, Ja-
pan), oral administration of tegafur (a fluorouracil derivative 
drug), and/or radiotherapy. None of the patients had received 
neo-adjuvant chemotherapy, and intraoperative therapy was 
also not performed on any patient. The day of surgery was 
considered as the starting day for measuring postoperative 
survival. The median follow-up time was 798 days (range, 43 
to 3902 days).

The sixty-eight primary lesions were analyzed by using 
immunohistochemistry. Figure 1 reveals the representative 
imaging of GRP78/BiP. GRP78/BiP immunostaining was 



479GRP78/BiP and hypopharyngeal cancer

detected in the carcinoma cells in tumor tissues and was 
stained in the cytoplasm and membrane. Among 68 patients, 
the high expression rate of GRP78/BiP was observed in 80.8% 
(55/68). Figure 2 shows the percentage of GRP78/BiP expres-
sion according to the scoring scale of 1 to 5. The percentages 
with GRP78/BiP scoring of 1, 2, 3, 4, and 5 were observed in 
4%, 15%, 49%, 28%, and 4% patients, respectively. We previ-
ously reported the results of immunohistochemical staining 
of Ki-67 and CD34 in HSCC [13]. The median number of 
CD34-positive vessels was 13 (range, 2-22), and this value 
was chosen as a cutoff point. The median value of the Ki-67 
labeling index was 28 (range, 3-88), and the value of 28% was 
chosen as a cutoff point. Positive p53 expression was observed 
in 55.8% (38/68) patients. 

Table 1 shows the patient demographics according to 
GRP78/BiP expression status. The high expression of GRP78/
BiP was not significantly associated with any variables, includ-
ing previously reported data [13]. 

Figure 1. Immunohistochemical staining as representative imaging. Immunohistostaining of GRP78/BiP [high expression (scoring of 5) (A) and low expression 
(scoring of 2) (B)] showing the immunohistostaining pattern of cytoplasm or membrane. Figure 1C reveals negative staining for GRP78/BiP expression. 

Table 1. Patient’s demographics according to BIP/GPR78 expression

Variables
Total

BIP/GRP78

High Low
p-value

(n=68) (n=55) (n=13)
Age ≤65 / > 65 yr 29 / 39 23 / 32  6 / 7 >0.99
Sex Male / female 52 / 16 49 / 6  10 / 3 0.35 
Tumor size (mm) ≤35 / > 35 yr 25 / 43 21 / 34  4 / 9 0.75 
T factor T1-2 / T3-4 15 / 53 14 / 41  1 / 12 0.43 
N factor No / N1-2 13 / 55 10 / 45  3 / 10 0.70 
Disease stage III / IV 12 / 56 9 / 46  3 / 10 0.68 
Diferentiation WD / MD or PD 22 / 46 18 / 37  4 / 9 >0.99
Ly yes / No  56 / 12 45 / 10  11 / 2 >0.99
v High / Low 46 / 22 38 / 17  8 / 5 0.73 
Resected status Yes / No 11 / 57 10/45  1 / 12 0.68 
Ki-67 High / Low 45 / 23 38 / 17  7 / 6 0.33 
CD34 High / Low 33 / 35 29 / 26  4 / 9 0.05 
p53 Positive / Negative 38 / 30 31 / 24  7 / 6 >0.99

Abbreviation: WD, well differentiated; MD, moderate differentiated; PD, poorly differentiated; ly, lymphatic permeation; v, vascular invasion.

Figure 2. Percentage of GRP78/BiP expression according to scoring on 
a scale of 1 to 5. The percentages with GRP78/BiP scoring of 1, 2, 3, 4, and 
5 were observed in 4%, 15%, 49%, 28%, and 4%, respectively. 
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Correlation between GRP78/BiP expression and dif-
ferent variables. On using Spearman’s rank correlation, 
GRP78/BiP had a  statistically significant correlation with 
CD34 (r=0.257, p=0.034), but not Ki-67 (r=0.158 p=0.216) 
and CD34 (r=-0.146, p=0.233) (Table 2). 

Survival analysis. All patients showed a median survival 
time (MST) and 5-year survival rate for OS of 1127 days and 
31.9%, respectively; MST and 5-year survival rate for PFS 
were 898 days and 33.0%, respectively. Figure 3 shows the 

Kaplan-Meier survival curve of OS and PFS according to the 
expression of GRP78/BiP. The univariate and multivariate 
analysis for all patients is listed in Table 3. On performing 
univariate analysis, lymphatic permeation, vascular invasion, 
and low GRP78/BiP expression were significantly associated 
with a shorter OS, and the significant prognostic variables 
for PFS were proven to be lymphatic permeation, vascular 
invasion, low GRP78/BiP expression, and positive p53. Multi-
variate analysis confirmed that the low expression of GRP78/
BiP was an independent factor for predicting poor OS and 
PFS after surgery. 

Next, we performed the survival analysis according to 
scoring of GRP78/BiP expression (Fig. 3C and 3D). A statisti-
cally significant difference in the OS was observed between 
patients with scoring of 1+2 and scoring of 3 (p=0.028), and 
between scoring of 1+2 and scoring of 4+5 (p=0.042) (Fig. 
3C). However, no statistically difference in PFS was recog-
nized between patients with scoring of 1+2 and scoring of 
3 (p=0.064), and between scoring of 1+2 and scoring of 4+5 
(p=0.081) (Fig. 3D). 

Figure 3. The Kaplan-Meier survival curve of overall survival (OS) and progression-free survival (PFS) according to the expression of GRP78/BiP: 
A statistically significant difference in OS and PFS was recognized between patients with high and low GRP78/BIP expression [OS, p=0.019 (A); 
PFS, p=0.044 (B)]. The Kaplan-Meier curve according to scoring of GRP78/BiP expression: A statistically significant difference in OS was observed 
between patients with scoring of 1+2 and scoring of 3 (p=0.028), and between scoring of 1+2 and scoring of 4+5 (p=0.042) (C). But, no statistically 
difference in PFS was recognized between patients with scoring of 1+2 and scoring of 3 (p=0.064), and between scoring of 1+2 and scoring of 4+5 
(p=0.081) (D). 

Table 2. Correlation with BIP/GRP78 expression

Spearman r 95% CI p-value

Tumor size -0.146 -0.378 to 0.102 0.233
Ki-67 0.158 -0.097 to 0.382 0.216
CD34 0.257 0.012 to 0.473 0.034

Abbreviation: 95%CI, 95% confidence interval.



481GRP78/BiP and hypopharyngeal cancer

Discussion

To our knowledge, this is the first study investigating the 
prognostic significance of GRP78/BiP expression in patients 
with advanced HSCC. We found that the decreasing protein 
expression of GRP78/BiP is closely associated with worse 
survival after surgery. The expression level of GRP78/BiP 
was confirmed as an independent prognostic predictor by 
performing multivariate analysis. The presented study fo-
cused on the patients with advanced disease (stage III or IV); 
therefore, no statistically significant difference in the variables 
indicating tumor aggressiveness and cell proliferation was 
observed between patients with high and low GRP78/BiP 
expression. The results of our study suggest that the reduced 
expression of GRP78/BiP is important as a negative marker 
for predicting worse prognosis in the patients with advanced 
HSCC who underwent surgical resection.

 Recently, we found a contrary discussion about the prog-
nostic significance of GRP78/BiP expression level in various 
human cancers. The increasing GRP78/BiP expression pre-
dicted a worse prognosis than the decreasing expression in 
patients with hepatocellular carcinoma, gastric cancer, prostate 
cancer, and renal cell carcinoma [5, 6, 10-12]. On the other 
hand, the low expression of GRP78/BiP in patients with oral 
squamous cell carcinoma and lung cancer predicted a poorer 
outcome than did high expression [7, 9]. Huang et al. showed 
that decreased GRP78/BiP expression is closely associated 
with advanced tumor stage and lymph node metastasis in 
patients with oral SCC in Taiwan [7]. On the other hand, Xia 
et al. depicted that the elevation of GRP78/BiP expression 
was exhibited as a negative prognostic factor in patients with 
oral SCC and was closely related to the tumor aggressiveness 
such as metastasis, advanced disease staging, and lymphatic 
invasion [5]. The mechanism of these opposite results remains 

unclear; however, the results of this study demonstrated that 
high-grade cancer cells may overcome ER stress-induced 
apoptosis by reducing ER stress response, whereas low-grade 
cancer cells are under ER stress conditions, which can be 
protective for tumor cells. Furthermore, the prognostic role of 
ER stress among head and neck cancers may vary according 
to the primary site location and its disease staging. Further 
study is warranted to elucidate the significant difference of 
GRP78/BiP expression between the patients with early and 
advanced disease stage. 

 GRP78/BiP is a characterized ER chaperone and is part 
of the Hsp70 family [16]. The cytoprotective and antiapop-
totic function of GRP78/BiP has been known to lead to the 
modulation of chemosensitivity [3]. In an experimental study, 
it was reported that silencing of GRP78/BiP expression may 
be related to the loss of PTEN tumor suppression and onco-
genic AKT activation [17]. A recent review showed that the 
elevated expression of GRP78/BiP significantly correlates with 
worse survival, tumor recurrence, and chemo-resistance [3]. 
Although the down-regulation or inhibition of GRP78/BiP 
alternation may have the potential to be a molecular target for 
the therapeutics of several cancers, it has also been shown that 
the induction of GRP78/BiP activity could be a novel target 
against the drug resistant cells of lung, breast, and bladder 
cancers [4,12,16]. It remains unclear whether the induction or 
inhibition of GRP78/BiP is effective as a potential of targeting 
therapy. The mechanism for targeting GRP78/BiP on tumor 
progression, development and survival should be elucidated 
by further studies. 

There are several limitations of the current study. First, 
the sample size was small, which may bias the results of our 
study. The HSCC patients with advanced disease, like those 
included in our study, are candidates for initial surgical resec-
tion, whereas chemo-radiotherapy without surgical resection 

Table 3. Univariable and multivariable survival analysis in all patients

Variables

Overall survival Progression-free survival

Univariable Multivariable Univariable Multivariable

5-yrs rate(%) P-value HR 95% CI P-value 5-yrs rate(%) P-value HR 95% CI P-value

Age ≤65 / > 65 yr 45 / 17 0.109 36 / 27 0.428
Sex Male / female 35 / 27 0.237 33 / 26 0.636
Differentiation WD or MD / PD 34 / 31 0.958 31 / 32 0.687
Stage III / IV 64 / 28 0.126 1.206 0.794-2.002 0.399 37 / 26 0.158 1.179 0.785-1.938 0.448
Tumor size ≤35 / > 35 yr 27 / 36 0.411 27 / 36 0.222
Lymphatic permeation yes / no 24 / 77 0.002 1.847 0.794-4.705 0.066 27 / 53 0.048 1.258 0.739-2.419 0.420
Vascular invasion yes / no 27 / 63 0.032 1.354 0.897-2.191 0.155 23 / 62 0.007 1.361 1.021-2.575 0.038
Resected status yes / no 26 / 35 0.327 21 / 34 0.225
GRP78/BIP High / Low 37 / 11 0.019 1.549 1.063-2.175 0.024 33 / 11 0.044 1.492 1.031-2.083 0.035
CD34 High / Low 16 / 44 0.269 18 / 45 0.069
Ki-67 High / Low 32 / 38 0.655 33 / 32 0.999
p53 Positive/Negative 27 / 32 0.271 20 / 49 0.017

Abbreviation: WD, well differentiated; MD, moderate differentiated; PD, poorly differentiated; HR, hazard ratio; 95% CI, 95% confidence interval.
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is generally recommended as a standard treatment against 
those with early disease such as stage I or II. Since it is im-
possible to obtain adequate specimens from HSCC patients 
with early disease and the immunohistochemical analysis 
is limited, such patients were excluded from the present 
study. Therefore, our study focused on the investigation of 
the patients with advanced disease who underwent surgical 
resection. Second, the antibody of GRP78/BiP used in our 
study was different from that (Santa Cruz Biotechnology, 
sc-13968) used in the previous studies examining oral SCC 
[5,7]. We assessed the quality of GRP78/BiP among some 
antibodies and we believe that the antibody we used is best 
suited to evaluate the protein expression of GRP78/BiP. Fur-
ther study is warranted to investigate the prognostic role of 
GRP78/BiP expression in human neoplasms by utilization 
of the same antibody and immunohistochemical technique. 
Finally, we could not clarify the reason why the decreased 
expression of GRP78/BiP is closely associated with shorter 
survival for HSCC patients with advanced disease. The re-
sults of our study are partially similar to those obtained in 
previous studies, but it remains unclear why the prognostic 
role of ER stress marker varies according to the degree of 
GRP78/BiP expression. 

 In conclusion, the decreasing expression of GRP78/BiP, ER 
stress marker was identified as a significant predictor related 
to shorter survival after surgery for treating advanced HSCC. 
Our study suggests that the reduced expression of GRP78/BiP 
contributes to negative survival for head and neck cancers with 
advanced disease, and the induction of GRP78/BiP could have 
potential to prognosticate this condition. 
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