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Abstract
Introduction: Colorectal cancer (CRC) is traditionally regarded as the most commonly diagnosed gastrointestinal malignant 

disease. Nevertheless, despite advances in diagnosis and novel therapeutic options, the clinical outcomes of patients are still 
unsatisfactory. 

Aim: To investigate the clinicopathological and prognostic roles of GRP94 expression, the immunohistochemical investigation 
was performed on samples of CRC tumour tissues, adjacent non-pathological mucosa, and metastatic foci in regional lymph 
nodes in Caucasian patients. 

Material and methods: Paraffin-embedded adenocarcinoma samples were assessed immunohistochemically for GRP94 
protein and scored according to the percentage of cells with positive reaction combined with staining intensity. Connections 
between GRP94 immunoexpression and clinicopathological factors including the overall survival (OS) were evaluated. 

Results: The level of the GRP94 immunohistochemical reactivity was correlated with the grade of the histological differen-
tiation (H (2.92) = 25.906; p < 0.001), size of the primary tumour (Z = –4.010; p < 0.001), regional lymph node involvement (Z = 
–6.547; p < 0.001), and perineural invasion (Z = –6.235; p < 0.001). Kaplan-Meier survival analysis showed that the survival time 
for patients with a low expression of GRP94 was significantly longer than that for patients with a moderate or strong level of 
GRP94 immunoreactivity (p < 0.001). 

Conclusions: An enhanced level of GRP94 immunoexpression was significantly associated with malignancy-related clinico-
pathological factors and reduced the 5-year overall survival in CRC patients. However, a multivariate analysis demonstrated that 
GRP94 was not revealed as an independent risk factor for CRC prognosis.

Introduction
Colorectal cancer (CRC) is traditionally regarded as 

the most commonly diagnosed gastrointestinal malig-
nant disease. Nevertheless, despite advances in diagno-
sis and novel therapeutic options, the clinical outcomes 
of CRC patients with locally advanced or metastatic 
disease are still unsatisfactory. The patients’ overall 
survival (OS) is largely dependent on the disease stage 
at the time of diagnosis and/or surgical resection [1, 2].  
Importantly, approximately 20% of the diagnoses are 
made in the metastatic stage of the disease. In this case 
the percentage of 5-year overall survival is less than 

15%. Importantly, the prognoses are not satisfactory 
even in the case of patients with primary tumours [3, 4].  
Therefore, the identification of novel approaches for de-
scribing the patients from the high-risk group, particu-
larly in the context of the clinical outcomes, has become 
a major challenge [5, 6].

Glucose-regulated protein 94 (GRP94) is the en-
doplasmic reticulum-resident HSP90 stress-inducible 
chaperone that participates in protein folding [7]. In re-
cent years a large number of proteins whose synthesis 
and secretion is under the control of GRP94 have been 
characterised. Among them should be mentioned Toll-
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like receptors, integrins, and the platelet glycoprotein 
Ib-IX-V complex [8, 9]. Nevertheless, upregulation of 
GRP94 expression has often been detected in cancers, 
including breast [10, 11], liver [12, 13], lung [14, 15], 
colorectal [16, 17], gastric [18, 19], and oesophageal 
[20–22]. As revealed by studies, the induction of GRP94 
expression has been associated with increased cell pro-
liferation, metastasis, drug resistance, and poor clinical 
outcome of cancer patients.

As mentioned above, expression of GRP94 protein 
was also upregulated in colorectal cancer. However, 
it should be noted that the study by Wang et al. was 
conducted on Chinese patients with CRC (Asians) [16]. 
Several reports indicate that there are racial disparities 
in CRC biology and behaviour. Thus, it remains to be 
determined whether those findings are applicable to the 
general population with CRC. 

Aim
The current study investigated the expression of 

GRP94 protein in colorectal adenocarcinoma samples 
to assess its prognostic significance by correlating its 
expression with the clinicopathological variables and 
survival of Caucasian patients.

Material and methods
Tissue samples
The study was conducted on formalin-fixed and 

paraffin-embedded colorectal adenocarcinoma samples 
archived in the files of the Department of Pathomor-
phology in Zabrze (Poland). Tissue specimens were re-
ceived from 92 colorectal adenocarcinoma patients who 
underwent surgical resection on surgical clinics in 2011. 
The exclusion criteria were as follows: (1) history of pre-
vious malignant disease, (2) familial adenomatous pol-
yposis, (3) inflammatory bowel disease, (4) preoperative 
anti-cancer treatment, and (5) evidence of distant me-
tastasis. The clinicopathological characteristics obtained 
from the medical records were as follows: age, gender, 
location of tumour, grade of tumour differentiation, 
depth of invasion, tumour size, presence or absence of 
angio- and perineural invasion, lymph node metastasis, 
operation record, treatment record, recurrence, and vital 
status at the last follow-up date.

The specimens belonged to 46 men and 46 women 
(mean age: 62.5; range: 48.5–71.5 years). Tumours were 
located in the proximal part of the colon in 30 (32.60%) 
cases, in the distal part of the colon in 31 (33.70%), and 
in the rectum in 31 (33.70%). Three levels of differenti-
ation were used to classify the grading as follows: well 
differentiated (G1), 35 cases (38.04%); moderately dif-
ferentiated (G2), 34 (36.96%); and poorly differentiated 
(G3), 23 (25%) (Table I).

Table I. Demographic, clinical, and tumour-related 
characteristics of patients included in the study (n = 92)

Parameter N %

Age:

≤ 62 years 46 50.00

≥ 63 years 46 50.00

Mean ± SD 60.53 ±13.79

Median (Q1–Q3) 62.5 (48.5–71.5)

Min.–max. 34–87

Gender:

Females 46 50.00

Males 46 50.00

Location of tumour:

Proximal colon 30 32.60

Distal colon 31 33.70

Rectum 31 33.70

Grade of histological differentiation:

G1 35 38.04

G2 34 36.96

G3 23 25.00

Depth of invasion:

T1/T2 49 53.26

T3/T4 43 46.74

Size of primary tumour:

≤ 9 cm 46 50.00

≥ 10 cm 46 50.00

Mean ± SD 9.48 ±3.64

Me (Q1–Q3) 9.5 (6–12)

Min.–max. 3–17

Angioinvasion:

No 43 46.74

Yes 49 53.26

Regional LN involvement:

No 43 46.74

Yes 49 53.26

Perineural invasion:

No 49 53.26

Yes 43 46.74
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Results
To investigate the clinicopathological and prognostic 

roles of GRP94 expression, the immunohistochemical 
analysis was performed in CRC tumour tissues, adja-
cent non- pathological mucosa, and metastatic foci in 
lymph nodes (Figure 1). It should be noted that only 
trace expression of this protein was revealed in adja-
cent non-tumour colorectal mucosa, whereas the high 
expression was demonstrated in well-, moderately-, and 
poorly-differentiated tumours (Figures 1, 2). Among the 
92 samples, 33 (35.87%) showed a strong immunohis-
tochemical reaction, 21 (22.83%) demonstrated mod-
erate immunoreactivity, 29 (31.52%) revealed weak ex-
pression, and 9 (9.78%) were characterised as negative 
in the context of GRP94 immunoexpression. Moreover, 
moderate and strong expression was demonstrated in 
metastatic foci in lymph nodes.

The relationships between the GRP94 levels and 
each clinicopathological parameter are summarised 
in Table II. As demonstrated, the level of the GRP94 
immunohistochemical reactivity was correlated with 
the grade of the histological differentiation (H (2.92) 
= 25.906; p < 0.001). A strong expression of GRP94 
protein was detected more frequently in patients with 
G3 tumours (R = 0.521; p < 0.001). A significant cor-
relation was also observed between the strong immu-
noreactivity of the GRP94 protein and larger tumour 
size (Z = –4.010; p < 0.001). The expression of this 
protein increased with an increase in the tumour size 
(R = 0.415; p < 0.001). The other clinicopathological 
variables associated with the immunoexpression of 
GRP94 included regional lymph node metastasis and 
perineural invasion. The patients with regional lymph 
node involvement were characterised by strong GRP94 
immunoreactivity (Z = –6.547; p < 0.001). In samples 
of patients with perineural invasion, the expression 
of GRP94 protein was also revealed to be strong (Z = 
–6.235; p < 0.001; Table II). The statistical evaluation 
of GRP94 immunoexpression according to age, sex, tu-
mour location, depth of invasion, and angioinvasion re-
vealed no significant difference among these variables 
(all p > 0.05; Table II).

The Kaplan-Meier survival analysis showed that 
the overall survival rate in the group of patients with 
a low expression level of GRP94 was significantly longer 
than that for patients with a moderate or strong level 
of GRP94 immunoreactivity (p < 0.001; Figure 3). The 
5-year overall survival for patients with a low, moder-
ate, or strong level of GRP94 immunoexpression was 
68.4%, 14.3%, and 12.1%, respectively. The GRP94-low 
patients had an average survival time of 56.474 months 
(95% CI: 54.401–58.547), whereas the GRP-moderate 
expression and GRP94-strong expression groups had an 

Immunohistochemical staining
For the immunohistochemical studies the paraf-

fin-embedded specimens were cut into 4-µm-thick sec-
tions, fixed on Polysine slides, deparaffinised in xylene, 
and rehydrated through a graded series of alcohol. To 
retrieve the antigenicity, the tissue sections were treat-
ed twice with microwaves in a 10 mM citrate buffer (pH 
6.0) for 8 min each. Subsequently, sections were incu-
bated with rabbit polyclonal antibody to GRP94 (final 
dilution 1 : 1000) (GeneTex; cat. number GTX103232). 
For visualisation of protein expression, the sections 
were treated with a BrightVision detection system and 
Permanent AP Red Kit (Zytomed). Mayer’s haematoxylin 
was used to counterstain the nuclei. 

�Semi-quantitative analysis of GRP94 
expression in colorectal adenocarcinoma 
samples
The scores were assigned separately for the stained 

area and for the intensity of the immunohistochemi-
cal reaction. Quantification connected to the stained 
area of the tissue section was performed as follows: (1)  
< 33% of cells showed immunoreaction, (2) 33–66% of 
the cells had positive reaction to GRP94, and (3) > 66%  
of the cells were positive. The intensity of the immu-
nohistochemical reaction was quantified as follows: 
(1) absent or weak, (2) moderate, and (3) strong. Each 
tissue section was characterised by a final grade de-
rived from the multiplication of the stained area and 
the intensity of the staining. The GRP94 expression was 
considered to be: absent/low for grade 1; moderate for 
grades 2, 3, and 4; and strong for grades 6 and 9.

Survival analysis
Survival analysis was conducted in 92 patients. The 

survival curves were generated using the Kaplan-Mei-
er method. The overall survival (OS) was defined as 
the length of time between surgery and death. The 
follow-up period was 60 months. Patients alive were 
censored at 5 years.

Statistical analysis
Statistical analyses were conducted using Statistica 

9.1 (StatSoft, Poland). The clinical characteristics of the 
patients in relation to GRP94 immunoreactivity were 
assessed by performing the Kruskal-Wallis test and 
U Mann-Whitney test. Additionally, using Spearman’s 
rank correlation coefficient the relationship between 
the immunoexpression of GRP94 and age, grade of tu-
mour differentiation, and size of primary tumour was 
assessed. The Kaplan-Meier method was used to study 
survival curves, and the long-rank test to compute dif-
ferences between the curves. 
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Figure 1. Immunohistochemical expression of 
GRP94 protein in tumour tissue and adjacent 
non-tumour mucosa. A – 40×; expression in G2 
adenocarcinomas; B – 40×; expression in met-
astatic foci in visceral adipose tissue; C – 40×; 
expression in LN metastatic foci; D – 40×; strong 
expression in G3 adenocarcinoma; E – 40×
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average survival time of 31.47 (95% CI: 23.12–39.82) 
and 22.42 months (95% CI: 16.86–27.98), respectively. 
The average survival time for all of the patients was 
38.55 months (95% CI: 34.28–42.82; Table III). 

In the univariate analysis the age, grade of tumour 
differentiation, depth of tumour invasion, size of pri-
mary tumour, angioinvasion, regional lymph node in-
volvement, perineural invasion, and GRP94 immuno-

expression were found to be significantly associated 
with reduced 5-year survival. Nevertheless, a multivar-
iate analysis demonstrated that only age (HR = 1.875;  
95% CI: 1.063–3.307, p = 0.030), grade of tumour 
differentiation (HR = 17.133; 95% CI: 6.673–43.990,  
p < 0.001), angioinvasion (HR = 0.208; 95% CI: 0.077–
0.559, p = 0.002), and regional lymph node involvement 
(HR = 2.745; 95% CI: 1.006–7.491, p = 0.049) were the 
independent risk factors for worse survival (Table IV).

Discussion
In the current study a high expression of GRP94 

protein was observed in primary colorectal adeno-
carcinoma foci and metastatic foci in LNs. Moreover, 
the high level of GRP94 immunoexpression in tumour 
tissues was demonstrated to be strongly correlated 
with malignancy-related clinicopathological factors 
and 5-year overall survival of Caucasian patients. It 
should be pointed out that the high expression of 
GRP94 was significantly associated with advanced 
histological tumour grade. The Kruskal-Wallis test 
showed a statistical difference between the patients 
with G1 tumours and those with G2 tumours, and be-
tween the patients with G1 tumours and those with 
G3 tumours. In both cases, patients with G1 tumours 
were characterised by a low level of GRP94 expres-
sion (R = 0.521; p < 0.001). U Mann-Whitney test and 
Spearman’s rank correlation coefficient demonstrated 
that strong GRP94 expression was related to increased 
tumour size and the presence of perineural invasion, 
suggesting that this protein might participate in the 
malignant formation and tumour progression. For ex-
ample, in breast carcinomas, the expression of GRP94 
has been thought to be a marker of brain metastasis 
[23]. It should be mentioned that similar results have 
been obtained by Wang et al. in Chinese patients with 
CRC. Moreover, in cases of breast, gastric, and pros-
tate carcinomas, GRP94 overexpression has also been 
associated with an advanced stage of the disease [10, 
11, 18, 24]. The high expression of GRP94 in meta-
static foci in lymph nodes may indicate that colorectal 
cancer cells with such expression are characterised by 
enhanced capacity for metastasis formation. It should 
also be mentioned that an enhanced level of GRP94 
immunoexpression was significantly associated with 
worse overall survival in CRC patients. Similar results 
have been obtained in patients with oesophageal ad-
enocarcinomas [21]. Nevertheless, a multivariate anal-
ysis demonstrated that GRP94 was not revealed as 
an independent risk factor for CRC prognosis. Similar 
results were reported by Takahashi et al. in Japanese 
patients with CRC [17] and Zheng et al. in gastric can-
cer patients [18].

	 Adjacent 	 Tumour	 LN metastasis
	 non-tumours 	 tissue	 (n = 49)
	 tissue (n = 92)	  (n = 92)

 Median         25–75%         Min.–max.

Figure 2. Immunoexpression of GRP94 in CRC 
tumour tissues, adjacent non-tumour tissues, 
and metastatic foci in lymph nodes
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Table II. Correlations between GRP94 immunoexpression and clinicopathological characteristics in CRC patients

Parameter The immunoexpression level of GRP94 Statistical analysis

Low Moderate Strong 

Age ≤ 62 years 21 8 17 Z = –0.373, p = 0.710
R = 0.044, p = 0.67745.65% 17.39% 36.96%

> 63 years 17 13 16

36.96% 28.26% 34.78%

Gender Females 17 12 17 Z = 0.905, p = 0.366

36.96% 26.09% 36.96%

Males 21 9 16

45.65% 19.57% 34.78%

Location of tumour Proximal colon 12 7 11 H (2.92) = 0.269
p = 0.87440.00% 23.33% 36.67%

Distal colon 12 10 9

38.71% 32.26% 29.03%

Rectum 14 4 13

45.16% 12.90% 41.94%

Grade of histological 
differentiation

G1 24 6 5 H (2.92) = 25.906
p < 0.001
1–2, 1–3

R = 0.521, p < 0.001

68.57% 17.14% 14.29%

G2 14 8 12

41.18% 23.53% 35.29%

G3 0 7 16

0.00% 30.43% 69.57%

Depth of invasion T1/T2 23 11 15 Z = –1.477, p = 0.159

46.94% 22.45% 30.61%

T3/T4 15 10 18

34.88% 23.26% 41.86%

Size of primary 
tumour

≤ 9 cm 30 8 8 Z = –4.010, p < 0.001
R = 0.415, p < 0.00165.22% 17.39% 17.39%

> 10 cm 8 13 25

17.39% 28.26% 54.35%

Angioinvasion No 20 11 12 Z = –1.337, p = 0.181

46.51% 25.58% 27.91%

Yes 18 10 21

36.73% 20.41% 42.86%

Regional LN 
involvement

No 32 10 1 Z = –6.547, p < 0.001

74.42% 23.26% 2.33%

Yes 6 11 32

12.24% 22.45% 65.31%

Perineural invasion No 34 12 3 Z = –6.235, p < 0.001

69.39% 24.49% 6.12%

Yes 4 9 30

9.30% 20.93% 69.77%

H – The Kruskal-Wallis test, Z – U Mann-Whitney test, R – Spearman’s rank correlation coefficient.
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GRP94 as a pro-oncogenic chaperone might be di-
rectly or indirectly involved in cancer development. The 
pharmacological or genetic inhibition of GRP94 attenu-
ated the proliferation and expansion of HCC cells [12]. 
GRP94 knockdown suppressed HCC cell metastasis by 
inhibiting CCT8/c-Jun/EMT signalling [13]. In contrast, 
Huang et al. revealed that GRP94 silencing blocked 
AKT signalling and inhibited liver tumour growth in 
a mouse xenograft model, suggesting that GRP94/AKT 
signalling could be regarded as an attractive target for 
cancer therapy [25]. Patel et al. revealed that in the 
SkBr3 breast cancer cell line with HER2 expression, the 
pharmacological inactivation of GRP94 destabilised 
HER2 and inhibited RAF1-MAPK survival signalling [26]. 
Moreover, the silencing of GRP94 inhibited the prolif-
eration and migration of highly invasive MDA-MB-231 
breast cancer cells [10]. In contrast, the upregulation 
of GRP94 expression conferred the chemoresistance to 
etoposide (VP-16) in the lung cancer cell line SK-MES-1 
[27] and Adriamycin in ovarian carcinoma cells [28]. 
The high expression of this chaperone is also one of the 
mechanisms associated with an increased resistance 
to radiation therapy [29]. As molecular chaperones 
with protective properties, GRP94 may protect cells 
against apoptotic cell death. For example, Hua et al.  
have demonstrated that GRP94 deficiency in human 
multiple myeloma cells resulted in apoptosis through 
the inhibition of the Wnt-survivin pathway [30]. Sim-

ilar results have been obtained in human gastric cells 
SGC-7901 after transfection by psiSTRIKE/Grp94 [31]. 

Conclusions 
The results of our study revealed a correlation be-

tween strong GRP94 immunoexpression and advanced 
histological tumour grade. Moreover, the high level 
of GRP94 immunoexpression was correlated with in-
creased tumour size, the presence of perineural inva-
sion, and reduced 5-year overall survival. A multivariate 
analysis revealed that the independent risk factors for 
CRC prognosis were age, grade of tumour differentia-
tion, angioinvasion, and regional lymph node involve-
ment. Interestingly, GRP94 was not revealed as an in-
dependent risk factor for CRC prognosis.
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