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GRP94 overexpression as an indicator  
of unfavorable outcomes in breast cancer patients
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Abstract: Aims: This study aimed to examine the heat shock protein Hsp90 family protein (GRP94) expression in 
breast cancer tissues and its correlation with clinicopathologic features, including the survival of patients with 
breast cancer. Methods: GRP94 mRNA expression was examined in normal breast and breast cancer tissues us-
ing real-time PCR. We also analyzed GRP94 protein expression with immunohistochemistry in 139 breast cancer 
patients whose ages ranged from 29 to 83 years (median =53 years). On evaluation of cytoplasmic GRP94 immu-
nostaining, cases with a score of ≥ or ≤ six were regarded as having high or low GRP94 expression, respectively. 
The relationship between GRP94 expression levels and the clinical features of breast cancer were also analyzed. 
Results: GRP94 mRNA expression was markedly greater in breast cancer tissues than that in normal breast tis-
sues (P=0.0027). Immunohistochemical analysis revealed increased GRP94 protein expression in the cytoplasm 
of breast cancer cells, which did not positively correlate with age, tumor size classification, lymph node metastasis 
classification, clinical stage, or estrogen receptor expression in breast cancer patients, but did negatively correlate 
with progesterone receptor expression (P=0.032). Furthermore, patients with breast cancer tissue that expressed 
high GRP94 had a significantly shorter survival time than did patients with a low GRP94 expression (P<0.001). 
A multivariate analysis suggested that the level of GRP94 expression was an independent prognostic indicator 
(P<0.001) for the survival of patients with breast cancer. Conclusion: High GRP94 expression levels were found to 
be an independent and unfavorable prognostic indicator of breast cancer survival.
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Introduction

Breast cancer is the leading cause of can- 
cer death in women worldwide [1-4]. The inci-
dence of breast cancer among Chinese wo- 
men is rapidly rising. Alterations in the ex- 
pression of a few important genes and sign- 
aling molecules, such as PTEN, the IL-6/STAT3 
signaling pathway, and miR-221/222 are often 
responsible for the occurrence and develop-
ment of breast cancer [5-7]. GRP94 encodes a 
member of the adenosine triphosphate (ATP)-
metabolizing molecular chaperone family with 
roles in stabilizing and folding other proteins.  
In cells, GRP94 is localized to melanosomes 
and the endoplasmic reticulum (ER) and was 
initially recognized as a protein strongly up- 
reglated in cells upon glucose starvation [8],  
as a major calcium-binding factor in the ER [9], 
and as the most abundant resident ER protein 

[10]. In addition, the absence of GRP94 was 
reported to be lethal to embryos [11], which 
could be attributed to its responsibility in chap-
eroning multiple essential proteins, including 
Toll-like receptors (TLRs), and the low-density 
lipoprotein receptor-related protein 6 (LRP6) 
that is a co-receptor for Wnt/β-catenin signal-
ing [11-14]. GRP94 regulates the processing  
of LRP6, which leads to the activation of the 
pro-proliferative and pro-survival Wnt-β-catenin 
signaling pathway [13]. In the past few years, 
many studies have demonstrated that the ex- 
pression of this protein is correlated with vari-
ous pathogenic states that include tumor for-
mation. GRP94 regulates the maturation and 
secretion of insulin-like growth factors (IGFs), 
which are important mitogenic factors [11]. Spe- 
cifically, the binding of IGF-1 or IGF-2 to IGF-1R 
leads to PI3K/AKT signaling pathway activa- 
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tion. In breast cancer cells that can proliferate 
under chronic exposure to reactive oxygen spe-
cies (ROS), in vitro, GRP94 expression increa- 
sed, but not HSP90 or GRP78 [15]. The studies 
mentioned above hinted at the importance of 
GRP94 in the pathogenesis of tumors, includ-
ing breast cancer. However, the correlation be- 
tween GRP94 expression and breast cancer 
survival in patients has never been elucidated. 

In this study, GRP94 mRNA expression levels 
were compared between breast cancer tissue 
and normal tissues. Additionally, the correla-
tion between GRP74 protein expression and 
the clinicopathologic features of breast can- 
cer patients was investigated. We found that 
GRP94 mRNA and protein expression were 
higher in breast cancer tissues than in nor- 
mal breast tissues. Furthermore, higher GRP94 
protein expression was associated with bre- 
ast cancer progression and a worse outcome. 
These data suggest that overepressed GRP94 
is an unfavorable prognostic factor for the sur-
vival of breast cancer patients.

Materials and methods

Sample collection 

A total of 41 paired breast cancer and normal 
tissue samples were collected from patients at 
the Maternal and Child Health Care Hospital  
of Guiyang. These patients had not undergone 
radiotherapy, chemotherapy, or hormone thera-
py before surgery. This study was approved by 
the by the Zhejiang Taizhou Hospital Ethics 
Committee and informed consent was obtain- 
ed from all patients. The breast cancer tissue 
chip was purchased from Shanghai Chao Xin 
Biotechnology Co., Ltd. (Shanghai, China). Tis- 

sue specimens were obtained from patients 
who underwent surgery at the Zhejiang Taizhou 
Hospital between January 2001 and August 
2004 and were followed up for 108 to 150 
months. The patients ranged in age from 29 to 
83 years (mean age 53 years). Clinical and 
pathologic data of the patients included age, 
pathological grade, tumor size, distant lymph 
node metastasis, and lymph node invasion. 
The inclusion and exclusion criteria followed 
the guidelines of the clinical pathology of bre- 
ast cancer staging (2009 American Joint Com- 
mittee on Cancer, seventh edition).

RNA extraction and real-time PCR

RNA was extracted from breast cancer tissues 
and normal breast tissues using the Trizol 
reagent (Takara, Shiga, Japan). RNA was tran-
scribed into cDNA and amplified with the spe-
cific GRP94 sense primer: 5’-GGATGGTCTGG- 
CAACATGGA-3’, and the antisense primer: 5’- 
CCGAAGCGTTGCTGTTTCAA-3’. The GAPDH ge- 
ne was used as an internal control using the 
sense primer 5’-CGGAGTCAACGGATTTGGTCG- 
TAT-3’ and the antisense primer 5’-AGCCTT- 
CTCCATGGTGGTGAAGAC-3’. The assays were 
performed in accordance with the manufac- 
turer’s instructions (Takara). Cycling conditions 
were 95°C for 10 min to activate DNA poly-
merase, followed by 45 cycles at 95°C for 12 s, 
56°C for 12 s, and 72°C for 12 s. PCR reac-
tions for each gene were performed in tripli-
cate. Independent experiments were also per-
formed in triplicate.

Immunohistochemistry 

According to standard protocols, the paraffin-
embedded breast cancer sections (3 μm in 
thickness) were deparaffinized in 100% xy- 
lene and rehydrated in a descending ethanol 
series (100, 90, 80, and 70% ethanol). Heat-
induced antigen retrieval was performed in 10 
mM citrate buffer for 2 min at 100°C. A peroxi-
dase blocking reagent containing 3% hydrogen 
peroxide and serum was used to block endog-
enous peroxidase activity and non-specific anti-
gens, followed by incubation overnight with a 
rabbit anti-human GRP94 polyclonal antibody 
(Proteintech Group, Inc., Chicago, IL, USA) at a 
1:50 dilution, at 4°C. The sections were visual-
ized with 3,3N-Diaminobenzidine (DAB) tetrahy-
drochloride (Beyotime® Biotechnology, Shang 
Hai, China) and counterstained with hematoxy-
lin, mounted in a neutral gum, and analyzed 
using a bright field microscope.

Figure 1. Upregulated GRP94 mRNA was displayed 
in breast cancer tissues compared to normal breast 
tissues.
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Evaluation of staining

Two pathologists who were blinded to the clini-
cal parameters evaluated the stained tissue 
sections separately. The score for each section 
was recorded according to the sum of the cyto-
plasmic staining intensity and the percentage 
of the positive staining areas of the cells. The 
staining intensity was scored as follows: nega-
tive expression, 1; weak expression, 2; positive 
expression, 3; and strong expression, 4. The 
percentage of positive staining cells was de- 
fined by a scale of 0-3 (0: <10%, 1: 10-25%, 2: 
26-75%, and 3: >76%). For statistical analysis, 
a final staining score of 0-5 and 6-7 was con- 
sidered low or high GRP94 expression, respec- 
tively.

Statistical analysis

Statistical analysis was performed using Gra- 
phPad Prism 5 software (Jhttp://www.graph-
padGraphpad.com/company/Inc., La Jolla, CA, 
USA) and SPSS 20.0 software (SPSS, Inc., 
Chicago, IL, USA). The two-tailed Student’s t- 
test was used for the comparisons between the 
two groups. A Chi-Square (χ2) test was used to 
examine the correlation between GRP94 mRNA 
and protein expression and the clinicopatho-

logic features of breast cancer. The correlation 
between GRP94 protein expression and patient 
survival was performed by KaplanMeier analy-
sis with the log-rank test. A P value <0.05 was 
considered statistically significant.

Results

Elevated GRP94 mRNA in breast cancer

To assess the role of GRP94 in breast cancer, 
real-time PCR analyses were conducted to me- 
asure GRP94 mRNA expression levels in 41 
freshly collected breast cancer tissues and 
matched normal breast tissues. Breast cancer 
tissues exhibited higher GRP94 mRNA expres-
sion levels than normal breast tissues (P= 
0.0027) (Figure 1).

GRP94 protein expression in breast cancer

We examined GRP94 protein expression in 140 
archived paraffin-embedded breast cancer tis-
sue samples using immunohistochemical sta- 
ining. GRP94 was mainly expressed in the cy- 
toplasm (Figure 2), and 52.1% of the patients 
(73/140) showed low, and 47.9% (67/140) sh- 
owed high GRP94 expression, respectively.

Figure 2. GRP94 protein expression in breast cancer (original magnification: ×400). A and B: Low expression of 
GRP94 protein in breast cancer tissues of I-II stage with the positive expression of PR and ER (High differentiation). 
C: Low expression of GRP94 protein in breast cancer tissues of I-II stage with the positive expression of PR and ER 
(Medium differentiation); D and E: High expression of GRP94 protein in breast cancer tissues of III stage with the 
negative expression of PR and ER (Low differentiation).
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1. In the 140 breast cancer tissue 
samples examined, no association be- 
tween GRP94 expression and the pa- 
tients’ ages, lymph node metastasis, 
tumor size, lymph node invasion, clini-
cal stage, or the presence of ER ex- 
pression were found. However, a posi-
tive and statistically significant corre- 
lation was observed between GRP94 
expression and progesterone receptor 
(PR) expression (P=0.032) (Table 1). 
This result demonstrated the impor-
tance of GRP94 expression in PR-posi- 
tive breast cancer.

High GRP94 expression correlates 
with poor patient survival 

We used the Kaplan-Meier analysis 
with the log-rank test to analyze the 
correlation between GRP94 expres-
sion levels in breast cancer tissues 
and patient survival. GRP94 expres-
sion levels were negatively associated 
with survival in breast cancer patients. 
Patients with higher GRP94 expres-
sion had a worse prognosis compared 

Correlation between GRP94 expression and 
the clinicopathologic parameters of breast 
cancer

The correlation between GRP94 expression 
and the clinicopathologic parameters of bre- 
ast cancer patients are summarized in Table  

with patients with lower GRP94 expression 
(Figure 3; P<0.001).

High GRP94 expression is an independent 
prognosis factor for breast cancer patients

To investigate if high GRP94 expression is an 
independent prognostic factor for breast can-
cer patients, we used the univariate and multi-
variate Cox proportional hazards model to ana-
lyze the significance of various survival vari-
ables. In the univariate analysis, the results 
showed that clinical stage (P=0.020), ER sta- 
tus (P=0.013), PR status (P=0.030) and GR- 
P94 expression (P<0.001) were correlated with 
breast cancer patient prognosis. Multivariate 
analysis of these clinical parameters indica- 
ted that GRP94 expression (P<0.001) and the 
clinical stage (P=0.013) were independent pro- 
gnostic factors for breast cancer patients (Ta- 
ble 2).

Discussion

GRP94 is a molecular chaperone that funct- 
ions in the processing and transport of secret-
ed proteins. GRP94 is a disulfide-linked ho- 
modimer, whose subcellular location is in the 

Figure 3. Overexpression of GRP94 protein is an un-
favorable factor in breast cancer.

Table 1. Correlation between the clinicopathologic charac-
teristics and expression of GRP94 in breast cancer

Characteristics n
GRP94 expression

High Low r P value
Age (y)
    ≤45 67 30 (44.8%) 37 (55.2%) 0.484
    >45 73 37 (50.7%) 36 (49.3%)
TNM classification
    I-II 129 59 (45.7%) 70 (54.3%) 0.085
    III-VI 11 8 (72.7%) 3 (27.3%)
T classification
    T1-T2 126 61 (48.4%) 65 (51.6%) 0.693
    T3-T4 14 6 (42.9%) 8 (57.1%)
N classification
    N0-N1 95 45 (47.4%) 50 (52.6%) 0.866
    N2-N3 45 22 (48.9%) 23 (51.1%)
ER
    Negative 47 27 (57.4%) 20 (42.6%) -0.136 0.106
    Positive 93 40 (43.0%) 53 (57.0%)
PR
    Negative 56 33 (58.9%) 23 (41.1%) -0.181 0.032*
    Positive 84 34 (40.5%) 50 (59.5%)
*, Statistically significant.
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endoplasmic reticulum lumen and belongs to 
the heat shock protein 90 family. At present, 
there are many reports demonstrating that ab- 
normal expression of GRP94 correlates with 
tumor pathogenesis, which indicates the impor-
tance of GRP94 in tumors.

GRP94 mRNA overexpression has been sh- 
own in some tumors. Huang et al. reported that 
GRP94 mRNA expression levels were increas- 
ed in hepatocellular carcinoma compared to 
normal hepatocytes [16]. Moreover, GRP94 
mRNA overexpression was also detected in gli-
oma tissue compared with normal brain tissue, 
in lung cancer tissue compared with normal 
lung tissue, and in esophageal adenocarcino-
ma compared with normal esophageal tissue 
[17-19]. It is noteworthy that these data are 
similar to our breast cancer tissue results, 
where we found significantly increased GRP94 
expression in breast cancer tissues compared 
with normal breast tissues.

To further investigate the importance of GR- 
P94 in breast cancer pathogenesis, we exam-
ined the GRP94 protein expression in breast 
cancer tissues, which showed that the GRP94 
protein was expressed in the cytoplasm of 
breast cancer cells. This result is analogous  
to previous reports in which GRP94 protein 
expression was shown in hepatocellular carci-
noma, glioma, lung cancer, and esophageal 
adenocarcinoma. Additionally, our results are 
consistent with those of Nomura et al., who 
examined GRP4 expression in oral squamous 
cell carcinoma [20], Chen et al., who examin- 
ed expression in esophageal adenocarcinoma 
[21], and Hodorova et al., who examined ex- 
pression in breast cancer [22]. However, corre-
lations of the GRP94 protein expression with 

the clinical features of breast cancer have sel-
dom been investigated.

Previous reports showed that GRP94 overex-
pression was positively correlated with clinical 
progression in a few different tumor types [16-
22]. And, consistent with these studies, we 
found that increased GRP94 expression was 
positively correlated with the T classification 
(tumor size), the N classification (lymph node 
metastasis), the clinical stages and ER expres-
sion in breast cancer patients. However, GRP94 
was also negatively correlated with PR expres-
sion, which suggests that GRP94 overexpres-
sion may have an unfavorable role in PR-positive 
breast cancer patients. Moreover, the correla-
tion between GRP94 expression and survival  
of breast cancer patients has never been 
reported.

In the past few years, more evidence has indi-
cated that elevated GRP94 expression is an 
unfavorable prognostic indicator of tumors, in- 
cluding hepatocellular carcinoma, lung cancer, 
glioma, and oral squamous cell carcinomas 
[16-21]. In this study, we show evidence that 
GRP94 protein expression is inversely correlat-
ed with the survival of breast cancer patients. 
The patients with higher GRP94 protein expres-
sion had a shorter survival time. According to 
the univariate and multivariate analysis results, 
increased GRP94 protein expression signifi-
cantly predicted a poor prognosis for breast 
cancer patients. These results are analogous 
to those reported in previous studies [16], in 
which high GRP94 expression was found to be 
an independent prognostic indicator for pre-
dicting poor survival in malignant tumors, and 
further highlight the critical role that GRP94 
plays in promoting the pathogenesis of breast 
cancer.

Table 2. Summary of univariate and multivariate Cox regression analysis

Parameter
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Age (year)

0.749 0.411-1.367 0.347 0.684 0.360-1.299 0.246
<45 vs. ≥45
TNM classification 2.620 1.163-5.902 0.020* 2.997 1.263-7.113 0.013*
ER 2.114 1.169-3.824 0.013* 1.782 0.795-3.994 0.160
PR 1.932 1.067-3.500 0.030* 1.284 0.578-2.852 0.539
T classification 1.849 0.78-4.384 0.163 2.862 1.104-7.418 0.593
N classification 1.075 0.868-1.332 0.507 1.062 0.852-1.323 0.593
GRP94 expression 0.278 0.143-0.540 <0.001* 0.288 0.145-0.574 <0.001*
*, Statistically significant.
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Conclusion

Overall, this study showed that GRP94 mRNA 
and protein expression levels were significant- 
ly elevated in breast cancer tissues. In addition, 
increased GRP94 protein was correlated with 
poor clinical progression of breast cancer. Mo- 
reover, these results indicate that increased 
GRP94 protein is an independent and unfavor-
able prognostic indicator for breast cancer.
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