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ABSTRACT

Purpose: The purpose of this work stayed to evaluate the expression of 
GRP78 as a prognostic indicator of aggressiveness in tumors of the salivary gland 
and to relate its expression with the salivary gland tumors biological behavior.  
Material and Method: 80 cases of salivary gland tissues were collected as paraffin 
embedded blocks: 30 benign cases (15 pleomorphic adenoma and 15 Warthin’s tumors) 
and 45 malignant cases (15 carcinoma ex pleomorphic adenomas, 15 mucoepidermoid 
carcinomas in addition to 15 adenoid cystic carcinoma). Additionally, 5 normal 
salivary gland tissues. Using GRP78 antibody, an immunohistochemical investigation 
was done for all specimens. Results: The greatest mean area percent of GRP78 
immunoexpressioin was in malignant variants of salivary gland tumors, followed by 
benign variants of salivary gland tumors and the least value recorded in normal salivary 
gland tissue. Conclusion: According to the current study, GRP78 is considered as a 
useful marker for diagnosis of malignancy of salivary gland.

INTRODUCTION

Salivary gland tumors are rare, dissimilar groups that account fewer 
than 5% of head and neck tumors and about 0.5% of all malignancies. 
They vary considerably in their phenotypic, biological, and clinical 
behavior, and they differ in their responsiveness to systemic therapies(1).  
Tumors of the salivary glands show greatest histological diversity 
between human tumors. A broad morphologic variety presents between 
different types of tumor and sometimes within a separate tumor mass. 
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In addition, the occurrence of mixed tumors, 
dedifferentiation and the propensity of malignant 
transformation of some benign salivary gland 
tumors make this group of lesions one of the most 
exciting and challenging in the head and neck (2).

The endoplasmic reticulum (ER), an organelle 
monitors protein folding where synthesis, 
maturation, and secretion of proteins occur. When a 
cell suffer from stressful conditions, like starvation, 
redox imbalance, abnormal protein glycosylation, or 
defect of protein folding, the normal functioning of 
the ER in protein synthesis is disturbed, and a stress 
state of the ER begin. As accumulation of misfolded 
proteins occure, the unfolded protein response 
(UPR) is started to counter these stress effects. The 
final outcome of ER stress determines whether a 
cell survives or experiences programmed cell death. 
The up regulation of glucose-regulated protein kDa 
78 (GRP78) (a key ER chaperone) is one of the 
most important protective mechanisms induced by 
UPR (3,4). GRP78 is a heavy chain immunoglobulin 
binding protein (BiP), it is also recognized as a 
member of the heat shock protein 70 (Hsp70) 
family, whose function is to preserve cytosolic 
homeostasis. GRP78 binds to nascent polypeptides 
and also considered as a calcium binding protein. It 
is repressed by a high calcium ions concentration, 
and its ATPase activity is triggered by calcium 
exhaustion (5). 

As mentioned, GRP78 controls protein folding 
and enables protein translocation in the ER and it 
is also complicated in ER stress. Hypoxia, glucose 
deficiency, inflammation and Ca2+ depletion 
can promote GRP78 mRNA transcription and 
translation to preserve the stability of the ER 
and to dismiss severe ER stress (6). Most of these 
discovered actions depend on its cell position. 
GRP78 is mainly present in the ER lumen due to 
the existence of an ER signaling peptide, although 
under some situations it is translocated to the 
cytoplasm, nucleus, mitochondria, or the cell 
membrane or even secreted. So, different GRP78 
locations prime to activate different molecular 

signaling actions (7,8). GRP78 plays a double role in 
tumor cells. GRP78 induce dormancy of tumor cells 
in early stages of tumor development. Alternatively, 
at more late stages of tumor progression, in which 
tumor showing more severe stress, GRP78 has been 
shown to accelerate tumor progression through the 
pro-survival and pro-metastatic functions of it (9,10). 
Increased GRP78 levels are known in various solid 
tumor types, like prostate, melanoma, head and 
neck, lung, breast, brain, colon, and hepatocellular 
carcinoma. Also, high GRP78 levels correlated with 
gastric, breast, and liver cancer metastasis. On the 
other hand, a report found decreased expression of 
GRP78 in models of mouse prostate cancer. These 
unpredicted results might be due to time-dependent 
changes (9,11,12). 

It was reported that GRP78 expression was 
closely related with tumor size and stage, lymphatic 
as well as distant metastasis, and GRP78 positive 
expression was clarified as an important independent 
marker for expecting poor outcome in patients with 
oral squamous cell cancer. However, it has been 
pronounced that the patients with weak GRP78 
expression have a higher prevalence of metastasis to 
lymph node than those with strongly GRP78 in oral 
squamous cell cancer (13,14). GRP78 was clarified as 
an negative prognostic marker for ACC patients, 
having a significant correlation with proliferation 
and angiogenesis. The high GRP78 expression 
seemed to be associated with a solid pattern, 
demonstrating no significant difference. In another 
report, however, positive expression of GRP78 has 
been described to be significantly associated with 
a tubular or cribriform pattern and longer overall 
survival, indicating no relationship between its 
positive expression and tumor invasiveness such as 
vascular and lymphatic invasion (15,16). 

Therefore, the present study has been done aiming 
to evaluate GRP78 expression in benign, malignant 
salivary gland tumors in addition to normal salivary 
gland tissues. And to correlate between GRP78 
expression with histopathologic findings via mean 
of the immunohistochemical technique.
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MATERIALS AND METHODS

Case selection 

The specimens of this study were retrieved as 
a paraffin embedded blocks from the archives of 
Oral and Dental Pathology Department, Faculty of 
Dental Medicine for Girls, Al-Azhar University and 
Oral Pathology Department, Faculty of Dentistry, 
Alexandria University.

The cases divided into three sets: Group I, con-
trol group including five cases of normal salivary 
gland tissue. Group II, benign salivary gland tu-
mors, including 30 cases divided into, 15 cases of 
pleomorphic adenoma (PA), 15 cases of Warthin’s 
tumor. Group III, malignant salivary gland tumors, 
including 45 cases divided into, 15 cases of car-
cinoma ex pleomorphic adenomas (Ca ex PA),15 
cases of mucoepidermoid carcinoma (MEC) with 
different grades, and 15 cases of adenoid cystic car-
cinoma (ACC) representing the different patterns 
according to WHO (17).

Immunohistochemical analysis

 5 μm thickness of tissue sections was mounted 
on electro positive glass slides. The streptavidin-
biotin immunohistochemical method was used (18), 
starting with overnight deparaffinized and cultivated 
with xylene then, rehydrated gradually with ethanol 
afterward washed by phosphate buffered saline 
(PBS). Masking the action of peroxidase was done 
by hydrogen peroxide (H2O2) 3% for five minutes at 
room heat. For antigen retrieval, tissue sections were 
put in a cut-glass jar having sodium citrate buffer (pH 
6.0) and heated two times in a microwave oven for five 
minutes each. The slides then permitted to cool and 
bathed with PBS.  Staining for GRP78 antibody was 
performed consuming GRP78 mouse monoclonal 
antibody (Clone (A-10) sc-376768, Dako, Denmark). 
The dilution used was 1:50 in phosphate buffered 
saline.  

 Detection of antibody was performed using 
the universal kit (DAKO, Denmark) by PBS 

washing slides for 5 minutes and incubated with 
a secondary antibody which was biotinylated goat 
serum conjugated with sera of rabbit and mouse for 
thirty minutes. Sections were then clear up to five 
minutes in PBS then antigen-antibody monitoring 
through diaminobenzidine in PBS having forty 
percent H2O2. Sections were eroded for ten minutes 
under running tap water, then counterstained using 
Mayer’s hematoxylin and finally mounted. 

 Histomorphometric evaluation

 Immunopositivity for GRP78 was assessed by 
calculate approximately the ratio of stained cells in 
relative to the zone inspected in every field, by means 
of a Leica system for image analysis. The system 
composed of a color videotape, screen, the disc of 
computer attached to light microscope and Leica 
software. The analyzer was rectified mechanically 
to change the measurement parts (pixels) into 
micrometer units. The zone besides space fraction 
of GRP78 reactive areas sedated with reference to a 
fixed calculating border of area 11434.9 micrometer2 

using magnification (x200). Consuming the color 
detection, positive parts were covered in a blue 
binary color. Ten fields for each slide measured to be 
histomorphometrically estimated. Then mean values 
obtained from all samples.  

Statistical analysis

Information was obtainable as mean and 
standard deviation (SD) measures. To compare 
more than two groups mean area percent we used 
the analysis of variance test. Tukey post hoc test 
multiple comparisons was used in the procedure of 
pairwise comparisons among the collections when 
Analysis of variance test is of importance. P value 
is important if not as much of or identical to 0.05 (P 
≤ 0.05). Arithmetical investigation was done by in-
state graph pad version 3.10 and Microsoft® excel 
2007.  
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RESULTS 

Immunohistochemical findings:

GRP78 immunostaining was detected in 
cytoplasm of ductal cells and some serous acini 
of normal salivary gland. (fig., 1A). Regarding 
benign neoplasm, cytoplasmic GRP78 expression 
was detected in some ductal epithelial as well as 
myoepithelial cells of pleomorphic adenoma (fig., 
1B). In Warthin’s tumor, cytoplasmic GRP78 was 
detected in ductal epithelial cells lined the cystic 
spaces as well as in lymphocyte and lymphoblast 
of germinal center (fig., 1C). Regarding malignant 
neoplasm, in Ca ex PA, detection of GRP78 was in 
cytoplasm and nuclei of malignant epithelial cells 
as well as nuclear immunostaining of myoepithelial 
cell in the chondroid and myxoid tissues (fig., 2D). 
In MEC, for low grade, cytoplasmic and nuclear 
GRP78 staining was seen in epidermoid cells plus 
cytoplasmic expression of some mucous secreting 
cells as well as C.T stromal cells of low grade. In high 
grade MEC, GRP78 was found in cytoplasm and as 
perinuclear staining (fig., 2 E, F). In ACC, GRP78 
was seen in cytoplasm and nuclei of neoplastic 
cells of cribriform pattern and in cytoplasm and 

Figure (1) GRP78 immunostaining detected in the cytoplasm of ductal cells of normal salivary gland, A, GRP78 immunostaning 
of cytoplasm of some epithelial and myoepithelial cells, B, GRP 78 immunostaining of cytoplasm of double row of ductal 
epithelial cells, C, (GRP 78, X200). 

perinuclear of neoplastic cells of tubular as well as 
solid patterns (fig.,2 G, H, I, respectively).

Statistical results:

The highest mean area percent of GRP78 
immunoexpression was noted in high-
grade mucoepidermoid carcinoma, followed 
by low grade one. The lowermost mean value 
logged in normal salivary tissue. Analysis of 
variance examination stayed extremely statistically 
significant difference (p<0.0001) among all groups. 
Tukey’s post hoc experiment showed there is was no 
statistically significant difference between normal 
salivary gland tissue, PA and Warthin’s tumor where 
the lowest area percent value recorded for normal 
followed by PA then Warthin’s tumor. There was 
no statistically significant different between low 
and high grade MEC, both show the statistically 
significant highest mean area percent values. 
Followed by solid ACC then Ca ex PA. There 
was no statistically significant difference between 
cribriform and tubular patterns of ACC, both show 
the statistically significant higher mean area percent 
(Table 1, fig., 3).
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Figure (2)  Cytoplasmic and nuclear GRP78 immunostaining in malignant epithelial as well as myoepithelial cells of Ca ex PA, D. 
GRP78 immunostaining of cytoplasm of epidermoid cells and mucous secreting cells in low grade MEC, E. Perinuclear 
and cytoplasmic immunostaining of epidermoid cells in high grade MEC, F, GRP78 immunostaining of cytoplasm 
and some nuclei of neoplastic cells of cribriform pattern, G. GRP78 immunostaining of perinuclear and cytoplasm of 
neoplastic cells of tubular structure, H, as well as solid patteru, I (GRP78, X200). 
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Table (1): Area percent of immunoexpression in different groups (ANOVA test)

Tumor type Mean S.D. Min Max P-value

Normal salivary gland 10.13d 3.69 6.25 14.42

<0.0001*

PA 14.80d 1.21 12.91 16.21

Warthin’s tumor 13.05d 3.71 9.96 19.03

Ca ex PA 53.54b,c 7.45 44.94 60.20

MEC (low grade) 63.44 a,b 7.80 52.12 72.75

MEC (High grade) 66.05a 7.54 57.05 73.37

Cribriform ACC 48.19c 8.43 40.81 58.78

Tubular ACC 51.04b,c 9.52 39.16 65.34

Solid ACC 56.12 a,b 9.56 42.80 65.50

*Significance at P < 0.05. 
Tukey’s post hoc assessment: means by different superscript letter are considerably statistically different.

Figure (3) Column chart showing mean area percent of 
immunoexpression of different groups

DISCUSSION

Considering GRP78 immunoexpression results 
of our study, the statistically significant highest value 
of mean area percent recorded in malignant tumors 
then benign tumors. Meanwhile, the normal salivary 
gland tissues have the least value of mean area 
percent. This result is in accordance with previously 
demonstrated increase of GRP78 expression by 4 
fold in malignant salivary gland tumors compared 
to benign ones (19). Also, it was documented that the 
over-expression of GRP78 in oral sites was closely 

associated with increasing malignant possibility, 
with decreased GRP78 expression in leukoplakia 
than erythroplakia then verrucous lesion while oral 
cancer showed the highest mean GRP78 expression, 
speculating the essential role of GRP78 expression 
in the initial steps of oral carcinogenesis (20).

Also, considering esophageal squamous cell 
carcinoma, it was observed that GRP78 expression 
was higher than in normal esophageal tissue. GRP78 
overexpression in cancers in comparison with 
normal possibly demonstrating that the cancer cells 
were suffer of ER stress which triggered UPR to 
reestablish the homeostasis of ER and because of the 
point that cancerous cells form abundant distorted 
proteins which need GRP78 to form combination 
with (21,22). The reduced Grp78 significantly decrease 
cell growth, migration, and invasion, proposing that 
this protein have oncogenic utilities (14,23,24).

Nevertheless, opposite sound comes along, 
where GRP78 is inversely correlated with lung 
cancers and positive GRP78 expression patients 
have improved prognosis than individuals with 
negative expression. And also, in colorectal cancer, 
high GRP78 expression was related with increased 
survival (25,26). 
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This may be explained by the fact that GRP78 
may show a suppressor role in controlling migration 
of tumor cell in hepatocellular cancer by inhibiting 
vimentin (an EMT broadly used maker, a common 
characteristic of highly invasive and metastatic 
cancerous cells) expression. Therefore, the character 
of GRP78 in cancer cell invasion and migration 
might differ through diverse types of cancer (27). 

GRP78 may work as a contrary mechanism 
according to a different type of cancer, this may be 
explained by that there are 3 chief sensors of ER 
stress, PERK, IRE1 α and ATF6. It has been thought 
that signals by IRE1 α and ATF6 have either a toxic 
or a protective role according to the form of stress, 
and PERK mediates lethal ER stress signs. The 
increasing expression of GRP78 acts to decrease 
activation of these ER sensors, contributing to being 
protective. Thus, the suppression of GRP78 will 
enhance the activation of ER stress signaling which 
lead to death of tumor cells (16,28). 

Regarding cellular expression of GRP78 in 
this study, it gave cytoplasmic expression of both 
normal salivary gland as well as benign tumors 
while it became nuclear, cytoplasmic and sometimes 
membranous expression in malignant tumors. 

While GRP78 is mainly present in the perinuclear 
ER with the assistance of its C‐terminal retention 
part, previous study have showen that in particular 
cell types or when cells exposed to stress, GRP78 
can be relocated outside the ER, like the cytosol, 
the cell membrane, the mitochondria and nucleus, 
and even it can be secreted, where it utilizes new 
function on growth of cell and signaling (7). 

This may be explained that ER stress improves 
retention of Grp78 transcript through its intron 1, 
leading to formation of a new isoform of GRP78 
(Grp78va) which miss the ER signal peptide and is 
present mainly in the cytosol. It shows cytoprotective 
function and also has the ability for UPR signaling 
regulation from the cytosol (7).

The nuclear form of GRP78 has been associated 
with cellular homeostasis and therapeutic failure. It 
is attractive to guess that the nuclear form of GRP78 
might prevent DNA damage through a specific 
monitoring mechanism in the nucleus (19,29,30). 

A correlation between high expression of 
membranous GRP78 and aggressive tumors was 
suggested. The low cell surface GRP78 in benign 
tumors compared to the malignant cells follows this 
concept. Also it was found that higher level of cell 
membrane GRP78 present in endometrial cancer 
patients than in the normal group (31,32). 

Increased cell surface GRP78 was found in many 
types of tumors including breast carcinoma, lung 
adenocarcinoma and colon adenocarcinoma. Also, 
the expression of membranous GRP78 has been 
reported in another tumor types like hepatocellular, 
gastric, prostatic carcinoma, and renal cell 
carcinoma, representing that cell surface GRP78 
expression is accompanying with bad prognosis 
and/or poor outcome of patient (30,31,33-35). 

Cytoplasmic and/or nuclear presence of GRP78 
expression in tumor cells is explained by that in 
normal circumstances, binding of GRP78 with 
the three various ER stress sensors ATF-6, PERK 
and IRE1 result in inactivation of them. The 
accumulation of unfolded proteins which stimulate 
ER stress results in GRP78 separation from the stress 
sensors and its plasma membrane translocation. 
High plasma membrane GRP78 expression on 
various types of cancer and decreased expression on 
normal cells belong to their characteristically raised 
ER stress levels within the cancerous cells (7,36). 

Furthermore, GRP78 translocation at the cell 
surface of cancer not normal cells  have been 
shown, as it is thought to act as a regulating receptor 
of tumorigenic signaling, increase blood supply and 
viability of tumor cells (37,38). 

In the current study, GRP78 was detected 
in cytoplasm of normal acini, ducts as well as 
myoepithelial cells. This is in accordance to previous 
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results where cytoplasmic GRP78 expression was 
identified in the acinar and ductal epithelial cells of 
normal salivary gland (15,39). Moreover, it showed 
cytoplasmic expression in myoepithelial cells of the 
normal breast tissues. This was explained by that the 
cytoplasm of myoepithelial cells was packed with 
abundant endoplasmic reticulum where GRP78 was 
localized (40).

Between the benign tumors examined in the 
present study, WT show higher mean area percent 
of GRP78 immunoexpression than PA with no 
statistically significant difference. This may be 
explained by presence of myoepithelial cells in 
PA where the myoepithelial cells known as natural 
tumor suppressors owing to their negative effect on 
several needs of tumor cells (41-43).   

Through the malignant tumors examined in this 
study, the highest GRP78 expression level was 
noted in MEC then ACC whereas the lowest mean 
value was recorded in Ca ex PA, although the differ-
ence between these tumors was not statistically sig-
nificant. As mentioned before, salivary gland can-
cers with predominant myoepithelial elements (like 
ACC and Ca ex PA) are of low grade behavior, as 
compared with those devoid of myoepithelium (like 
MEC), which are considered high grade due to the 
tumor suppressor role of myoepithelial cells  (1, 43-46). 

Regarding MEC results in the present study, high 
grade MEC showed higher GRP78 area percent than 
low grade MEC, with no statistically significant 
difference between them. This is in accordance with 
previous study showed that GRP78 overexpression 
in the human lung carcinoma connected to the 
grade of differentiation. Poorly differentiated 
tumors show higher GRP78 expression than well-
moderately differentiated ones (47). Also, it was 
found that GRP78 overexpression in head and neck 
squamous cell carcinoma tissues were related to the 
more aggressive status and poor prognosis (14,24).

Regarding ACC results of the present study, the 
highest GRP78 expression was recorded in solid 
pattern of ACC then tubular whereas the lowest 

mean value was recorded in cribriform pattern with 
no statistically significant difference. This result is 
in agreement with previous one where expression 
of GRP78 was meaningfully associated with the 
histological growth pattern and grade of ACC. 
These results determined the role of ER stress in 
advancement of tumor, and GRP78 might be a 
prognostic marker in salivary ACC (15). The solid 
pattern of ACC showed poor survival rate than the 
tubular and cribriform histopathological patterns(48,49). 

GRP78 was clarified as a bad prognostic marker 
for ACC patients, having a significant correlation 
with proliferation and angiogenesis. The GRP78 
overexpression seemed to be related to a solid 
pattern, demonstrating no significant difference (16). 

CONCLUSION

The present study confirmed that GRP78 
is considered as useful marker in diagnosis of 
malignancy of salivary gland and give strong 
indication for tumor aggressiveness.
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