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ABSTRACT 
Introduction: Worldwide gall bladder cancer (GBC) is known to be the commonest malignant tumour of the biliary tract .It is the 
most aggressive carcinoma of the biliary tract with short median survival from the time of diagnosis. The aggressive biologic 
behavior of the carcinoma and non-availability of sensitive screening tests for early detection may be responsible for the poor 
prognosis associated with GBC. Owing to the delayed diagnosis at an advanced stage, only 10% of the patients are found to be 
eligible for a curative surgical resection.  
Material and Methods: All consecutive patients diagnosed with neoplastic and non-neoplastic gallbladder lesions in the 
Department of Pathology, Subharti Medical College were included in the study between the year 2017 -2019. The  hematoxylin 
and Eosin stained biopsies of 320 patients were assessed and  out of them 100 patients were chosen as the sample for the 
study. The clinicopatholgical data of the 100 patients were compiled into a data base and de-identified.  
Results: Age distribution of Gall Bladder lesion cases in our study was from 30 years to more than 60 years of age. 46.20% of 
females in the age group of 45 years to 60 years presented with mass in the gall bladder. There was significant difference in the 
presence of mass between the Neoplastic and non-neoplastic group among 45-60 years of age (p<0.001).  It was analyzed that 
there had been a significant difference between the neoplastic and non neoplastic tumour morphology and age distribution 
among males. The neoplastic tumours were highest in >60 years age group  while neoplastic tumours were highest among 45-
60 years age group . The presence of E-cadherin, Ki67 and P53 together suggested the presence of histological grade of 
carcinoma. There was no significant association between the presence of metastasis and biomarkers concentrations.The 
presence of E-cadherin, Ki67 and P53 together suggested the presence clinical stage of carcinoma . 
Conclusions: The minimal response of advanced cases of GBC to traditional treatments calls for new prognostic and treatment 
perspectives to be identified. Novel prognostic biomarkers could bring about the needed breakthrough in this regard as they will 
help in the identification of patients who will benefit tremendously from adjuvant and targeted therapies. 
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INTRODUCTION 
Gallbladder cancer [GBC] is a rare and invasive type of carcinoma. 
A common form of Biliary tract cancer, GBC develops in the 
epithelial lining of the gallbladder [1,2]. It is one of the lethal forms 
of carcinoma with a higher recurrence rate [1] and poor survival 
rate [2,3,4]. It encompasses a variety of risk factors such as 
geographical variations, environmental variables, age, gender, 
food habits, and lifestyle along with genetic predisposition, appear 
to have a bearing on its global incidence [4,5]. Benign diseases 
like cholelithiasis, cholecystitis, porcelain gallbladder, polyps etc., 
cause chronic inflammation of the gallbladder epithelia and thus 
contribute to the risk of developing GBC [1,2]. 
 At present, early surgical resection presents a positive 
prognosis for patients, but early diagnosis poses a significant 
challenge since GBC is characterised by delayed symptom 
expression. Further, the ability to aggressively invade and 
metastasize to local organs and outlying lymph nodes contributes 
to the higher mortality associated with GBC. This results in a 
delayed diagnosis of most patients and response to traditional 
therapies remaining dismal with disease progression [1,4]. 
 In order to improve treatment efficiency, there is a need for 
accurate and early diagnosis followed by targeted therapy options. 
Identifying specific prognostic biomarkers and prospective 
candidates for targeted therapies has become imperative in 
treating GBC [4,5]. Several molecular markers have been studied 
to identify their role in discerning histological grade, wall infiltration 
extent and metastasis [5], their potential as exclusive markers for 
GBC are yet to be established as carcinogenesis itself is a 
complex multistep process. Prognostic markers help establish 
possible disease prognosis [6] and to recognise clinical endpoints 
and patient response to an individual therapy method [3]. Recent 
understanding of Gallbladder carcinogenesis has opened up 
avenues to develop precision prognostic markers that could help 
identify disease progression and help patients receive 
personalised and targeted treatment.  

 Identifying the molecular and genetic factors that bring about 
the transition of benign inflammatory conditions into carcinomas 
can be used to develop an effective early detection and staging 
system. A biomarker developed for the detection of early molecular 
changes or risk indicators of carcinogenesis could change the 
prognosis in a positive direction [7]. An exclusive marker for GBC 
like that of CA 125 in ovarian cancer and PSA in prostate cancer 
[6] could bring about a change in how GBC will be diagnosed and 
treated. 
 In this aspect, we have strived to do a present study to 
analyse  as  how the expression of Cyclin D1, E-Cadherin, EGFR, 
HER-@, KI67 and P53 impacts the progression of GBC and if their 
respective role in the carcinogenesis of GBC can be exploited to 
their clinical applicability as prognostic tools. 
 

MATERIAL AND METHODS 
All consecutive patients diagnosed with neoplastic and non-
neoplastic gallbladder lesions in the Department of Pathology, 
Subharti Medical College were included in the study between the 
year 2017 -2019. The  hematoxylin and Eosin stained biopsies of 
320 patients were assessed and  out of them 100 patients were 
chosen as the sample for the study. The clinicopatholgical data of 
the 100 patients were compiled into a data base and de-identified.  
 

RESULTS 
Age distribution of Gall Bladder lesion cases in our study was from 
30 years to more than 60 years of age. 46.20% of females in the 
age group of 45 years to 60 years presented with mass in the gall 
bladder. Table 1 and Figure 1 shows the difference in distribution 
of Mass between Neoplasia & Non Neoplasia across Age group. 
Related to Mass presence, there was significant difference 
between the Neoplastic and non-neoplastic group among >60 
years of age group. None of the cases with Gall bladder lesion had 
mass in the 30-44 years of age between the neoplasia and non-
neoplasia group. There was significant difference in the presence 
of mass between the Neoplastic and non-neoplastic group among 
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45-60 years of age (p<0.001).  About 54.2% males in neoplastic 
and only 5% males in non-neoplastic group had mass present and 
there was significant difference found between  the Neoplastic and 
non-neoplastic group. About 85.7% females in neoplastic and only 
6.70 females in non-neoplastic group had mass present and there 
was significant difference between the Neoplastic and non-
neoplastic group.  (Table 2 and   Figure 2 ).  There was  also 
significant difference between the Neoplastic and non-neoplastic in 
female (p=0.02). (Table 3  and Figure 3). Regarding the mean 
value of biomarker distribution related to the neoplastic lesions. 
The mean cadherin value was highest in Adenosquamous 
Carcinoma (3.0) followed by Invasive Paillary Adenocarcinoma 
(2.8). The Mean Cyclin D1 value was highest as 3.0 and had been 
found in Adenosquamous Carcinoma, Infiltrating Adenocarcinoma, 
The mean Ki67 value was highest in Adenosquamous Carcinoma 
(3.0), followed by Undifferentiated Adenocarcinoma (2.8), 
Mucinous Carcinoma (2.5). The mean p53 was highest as 3.0, in 
Adenosquamous Carcinoma, Infiltrating Adenocarcinoma, 
Mucinous Carcinoma and Undifferentiated Adenocarcinoma. It was 
analyzed that there had been a significant difference between the 

neoplastic and non neoplastic tumour morphology and age 
distribution among males. The neoplastic tumours were highest in 
>60 years age group  while neoplastic tumours were highest 
among 45-60 years age group (Table 4 and Figure 4). In the Model 
summary of biomarkers severity and its association with the 
Histological Grade of Carcinoma. The maximum R Square change 
was with model 2 followed by model 3. Model 3 explained the most 
of the association (51%) with the biomarkers and histological grade 
of carcinoma. The presence of E-cadherin, Ki67 and P53 together 
suggested the presence of histological grade of carcinoma. (Table 
5). The model summary of biomarkers severity and its association 
with the clinical staging of Carcinoma in Table 6 showed that the 
maximum R Square change was with model 2 followed by model 
3. Model 3 explained the most of the association (58%) with the 
biomarkers and clinical stage of carcinoma. The presence of E-
cadherin, Ki67 and P53 together suggested the presence clinical 
stage of carcinoma.There was no significant association between 
the presence of metastasis and biomarkers concentrations (Table 
7).  

 
Table 1: Difference in distribution of Mass between Neoplasia & Non Neoplasia across Age group among Gall Bladder lesion cases 

Age Category Tumor Morphology Neoplastic Non-Neoplastic Total χ2-value p-value 

>60 Mass  Number 17 0 17 13.55 <0.001 

 Percent 85.00% 0.00% 68.00% 

NA Number 3 5 8 

 Percent 15.00% 100.00% 32.00% 

Total Number 20 5 25 

 Percent 100.00% 100.00% 100.00% 

30 to 44 NA Number 3 12 15 NA 

 Percent 100.00% 100.00% 100.00% 

Total Number 3 12 15 

 Percent 100.00% 100.00% 100.00% 

45 to 60 Mass  Number 19 3 22 24.57 <0.001 

 Percent 70.40% 9.10% 36.70% 

NA Number 8 30 38 

 Percent 29.60% 90.90% 63.30% 

Total Number 27 33 60 

 Percent 100.00% 100.00% 100.00% 

Total Mass  Number 36 3 39 42.55 <0.001 

 Percent 72.00% 6.00% 39.00% 

NA Number 14 47 61 

 Percent 28.00% 94.00% 61.00% 

Total Number 50 50 100 

 Percent 100.00% 100.00% 100.00% 

Chi Square Test, Sig 2 tailed, p<0.05 

 

 
Fig 1: Difference in distribution of Mass between Neoplasia & Non Neoplasia 
across Age group among Gall Bladder lesion cases 

 Table 1 & Figure 1 shows the difference in distribution of 
Mass between Neoplasia & Non Neoplasia across age group. 
Related to Mass presence, there was significant difference 
between the Neoplastic and non-neoplastic group among >60 
years of age group. None of the cases had mass in the 30-44 
years of age group between the neoplasia and non-neoplasia 
group. There was significant difference in the presence of mass 
between the Neoplastic and non-neoplastic group among 45-60 
years of age group (p<0.001). 
 

 
Table 2: Difference in distribution of Mass between Neoplasia & Non Neoplasia across Gender among Gall Bladder lesion cases 

Gender Tumor Morphology Neoplastic Non-Neoplastic Total χ2-value p-value 

Male Mass  Number 12 1 13 8.551 0.002 

 Percent 54.50% 5.00% 31.00% 

NA Number 10 19 29 

 Percent 45.50% 95.00% 69.00% 

Total Number 22 20 42 

 Percent 100.00% 100.00% 100.00% 

Female Mass  Number 24 2 26 11.124 0.036 

 Percent 85.70% 6.70% 44.80% 

NA Number 4 28 32 

 Percent 14.30% 93.30% 55.20% 
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Total Number 28 30 58 

 Percent 100.00% 100.00% 100.00% 

Total Mass  Number 36 3 39 27.55 <0.001 

 Percent 72.00% 6.00% 39.00% 

NA Number 14 47 61 

 Percent 28.00% 94.00% 61.00% 

Total Number 50 50 100 

 Percent 100.00% 100.00% 100.00% 

Chi Square Test, Sig 2 tailed, p<0.05 

 

 
Fig 2: Difference in distribution of Mass between Neoplasia & Non Neoplasia 
across Gender among Gall Bladder lesion cases 

 Table 2 & Figure 2 shows the difference in distribution of 
Mass between Neoplasia & Non Neoplasia across the gender 
among Gall Bladder lesion cases. About 54.2% males in neoplastic 
and only 5% males in non-neoplastic group had mass present and 
there was significant difference between the Neoplastic and non-
neoplastic group. About 85.7% females in neoplastic and only 6.70 
females in non-neoplastic group had mass present and there was 
significant difference between the Neoplastic and non-neoplastic 
group.  
 
 
 

 
Table 3: Difference in distribution of Presence of Stone between Neoplasia & Non Neoplasia across Gender among Gall Bladder lesion 

Gender Presence of Stone Neoplastic Non-Neoplastic Total χ2-value p-value 

Male Present Number 2 12 14.00 11.544 0.007 

 Percent 9.10% 60.00% 33.30% 

Absent Number 20 8 28.00 

 Percent 90.90% 40.00% 66.70% 

Total Number 22 20 42.00 

 Percent 100.00% 100.00% 100.00% 

Female Present Number 18 28 46.00 15.22 0.02 

 Percent 64.30% 93.30% 79.30% 

Absent Number 10 2 12.00 

 Percent 35.70% 6.70% 20.70% 

Total Number 28 30 58.00 

 Percent 100.00% 100.00% 100.00% 

Total Present Number 20 40 60.00 20.25 <0.001 

 Percent 40.00% 80.00% 60.00% 

Absent Number 30 10 40.00 

 Percent 60.00% 20.00% 40.00% 

Total Number 50 50 100.00 

 Percent 100.00% 100.00% 100.00% 

Chi Square Test, Sig 2 tailed, p<0.05 

 

 
Figure 3: Difference in distribution of Presence of Stone between Neoplasia 
& Non Neoplasia across Gender among Gall Bladder lesions 

 Table 3 & Figure 3 shows the difference in distribution of 
presence of stone between Neoplasia & Non Neoplasia across 
gender. Related to presence of stone, there was significant 
difference between the Neoplastic and non-neoplastic group 
among male (p=0.007). There was significant difference between 
the Neoplastic and non-neoplastic in female (p=0.02).  
 
 
 
 
 

 
Table 4: Tumour Morphology and age distribution among Gall Bladder lesion cases(Female ) 

Tumor Morphology Female 30 to 44 45 to 60 >60 Total χ2-value p-value 

NEOPLASTIC Number 1 12 15 28   

 Percent 25.00% 35.30% 75.00% 48.30% 9.88 0.046 

NONNEOPLASTIC Number 3 22 5 30   

 Percent 75.00% 64.70% 25.00% 51.70%   

Total Number 4 34 20 58   

 Percent 100.00% 100.00% 100.00% 100.00%   

Chi Square Test, Sig 2 tailed, p<0.05 
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Figure 4: Tumour Morphology and age distribution among Gall Bladder 
cases(Female ) 

 Table 4 & Figure 4 shows the significant difference between 
the neoplastic and non neoplastic tumour morphology and age 
distribution among females. The neoplastic tumours were highest 
in >60 years age group  (75%), while neoplastic tumours were 
highest among 45-60 years age group.  
 
 
 
 
 
 

Table 5: Relationship between the different types of Biomarkers in the neoplastic lesions of Gall Bladder 

Neoplasia Correlation  E-Cadherin Ki67 P53 EGFR  HER2 Cyclin D1 

E-Cadherin r-value 1 .606** .525** .611** .576** .526** 

Ki67 r-value .606** 1 .462** .396** .646** .474** 

P53 r-value .525** .462** 1 .429** .475** .557** 

EGFR r-value .611** .396** .429** 1 .414** .488** 

 HER2 r-value .576** .646** .475** .414** 1 .425** 

Cyclin D1 r-value .526** .474** .557** .488** .425** 1 

Spearman's correlation, Sig 2 tailed, p<0.05 

 
 Table 5 shows the Relationship between the different types of Biomarkers in the neoplastic lesions and there were moderate to good 
correlation was present between the each biomarkers. The positive correlation among the biomarkers suggested the presence and 
concentration were existing correlated.  
 
Table 6: Relationship between the Biomarkers presence and histological grade, Clinical staging and Metastatic in the neoplastic lesions of Gall Bladder 

Neoplasia Correlation  E-Cadherin Ki67 P53 EGFR  HER2 Cyclin D1 

Histological grade  r-value .520** .601** .640** .441** .605** .516** 

Clinical Staging r-value .602** .630** .689** .358* .624** .573** 

Metastasis r-value -.486** -.565** -.437** -.485** -.386** -.419** 

Spearman's correlation, Sig 2 tailed, p<0.05 

 
 Table 6 shows the Relationship between the Biomarkers presence and histological grade, Clinical staging and Metastatic in the 
neoplastic lesions. The Histological grade was significantly correlated with the concentration of biomarkers and was highest for the P53 
biomarkers.  The clinical staging grade was significantly correlated with the concentration of biomarkers and was highest for the P53 
biomarkers. The metastasis was significantly negatively  correlated with the concentration of biomarkers and was highest for the E cadherin 
biomarkers. 
 
Table 7: Relationship between the different types of Biomarkers in the Non-neoplastic lesions of Gall Bladder 

Non neoplasia Correlation  E-Cadherin Ki67 P53 EGFR  HER2 Cyclin D1 

E-Cadherin r-value 1 .701** .685** .564** .510** .758** 

Ki67 r-value .701** 1 .625** .646** .632** .790** 

P53 r-value .685** .625** 1 .646** .485** .725** 

EGFR r-value .564** .646** .646** 1 .525** .646** 

 HER2 r-value .510** .632** .485** .525** 1 .513** 

Cyclin D1 r-value .758** .790** .725** .646** .513** 1 

Spearman's correlation, Sig 2 tailed, p<0.05 

 

DISCUSSIONS 
Although the overall incidence is low, it is the most aggressive 
carcinoma of the biliary tract with short median survival from the 
time of diagnosis. The aggressive biologic behavior of the 
carcinoma and non-availability of sensitive screening tests for early 
detection may be responsible for the poor prognosis associated 
with GBC. Anatomically complex porto-biliary-hepatic system 
further increases the mortality and morbidity following surgical 
intervention. Moreover, the chances of tumoral spread subsequent 
to tumor manipulation and increased risk of tumor recurrence 
further adds to the disease burden .Hence there can be a great 
role of molecular markers iin detecting the GBC at an early stage. 
Few important immunomarkers which may play a significant role in 
its diagnosis and prognosis are as follows: 
Cyclin D1: Cyclin D1 is a 295 amino acid protein encoded by the 
13,388 base pairs long CCND1 gene located on the long arm of 
chromosome 11. While Cyclin D1, D2, D3 have homogenous 
regulatory roles, only Cyclin D1 is significantly overexpressed in 
cancerous tumours [8].  Higher levels of Cyclin D1 can occur either 
due to the amplification or chromosomal rearrangements of its 

encoding gene CCND1 or interruption to the transport and 
proteolysis of the protein itself [8,9]. The important role of Cyclin D-
RB-E2F pathway in the development of many forms of human 
cancer has been established [10]. Mutations and amplification of 
the CCND1 gene and overexpression of its protein Cyclin D1 has 
been observed in most human cancers [10,11]. Disruption to the 
normal transcription, increased levels and ubiquitination of Cyclin 
D1 along with the assembly and hyperactivation of its cognate 
CDK all result in uncontrolled cellular proliferation [12].  In addition 
to these factors, cyclin D1 overexpression can be caused by 
alterations of associated signalling intermediates, including the 
RAS–MEK–ERK and PI3K pathways [13]. While several studies on 
drugs targeting Cyclin D1 regulation have been made [14,15,16], 
its role as a prognostic marker in GBC is yet to be established and 
warrants further investigation. Assessment of the complex 
contributory role played by Cyclin D1 in carcinogenesis and tumour 
progression could enable the development of effective 
personalized therapies through proper prognosis and accurate 
staging of GBC.  
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 Hui et al suggested that CCND1 amplification and CyclinD1 
overexpression could be independent events impacting 
carcinogenesis. Their study correlated the amplification of the 
CCND1 gene with increased mortality among GBC patients.  In 
another study, Cyclin D1 overexpression was frequently observed 
in surgically resected samples of adenocarcinomas and 
adenomas, but no overexpression was observed in the normal 
epithelium or adenomyoma of the gallbladder. Based on this, it 
was proposed that Cyclin D1 overexpression might be an early-
stage event in GBC [11]. Reports from another study indicated that 
cyclin D1expression in gallbladder carcinoma and adenoma were 
comparatively higher than those in chronic cholecystitis, although, 
no significant difference was observed in the expression levels of 
Cyclin D1 in carcinoma and adenoma samples [17]. 
 Further, Doval et al noted raised levels of cyclin D1 in poorly 
differentiated tumours and distant metastasis, although this result 
was deemed to be statistically insignificant by the authors [18]. It 
has been postulated that in cancers with lower levels of Cyclin D1, 
deactivating mutations on its inhibitors or in its downstream 
substrates might result in deregulation without the necessity for its 
overexpression. As such, it is not Cyclin D1 alone but a 
combination of other altered checkpoints that contribute to 
malignancy in GBC [9].  
 On observation, studies conducted on the role of Cyclin D1 
in GBC show significant differences in their conclusions. This can 
be attributed to the complex pathways that drive the Cyclin D1 
regulation, smaller sample number and difference in assays used. 
Despite the different results obtained in these studies, all of them 
unilaterally confirm the dominant role played by Cyclin D1 plays in 
the development of GBC.  
 We might be able to better utilise Cyclin D’s role in 
carcinogenesis and tumour progression by exploring the 
associative events and the proteins that interact with Cyclin D1[12]. 
If this is achieved, a specific and individualised prognosis can be 
obtained by using Cyclin D1 levels in conjunction with other 
markers to predict the outcome of the disease effectively.  
E-Cadherin: E-cadherin [Epithelial-Cadherin] is a 120KDa 
glycoprotein, encoded by the CDH1 gene located on Chromosome 
16 [19]. E-cadherin, in normal epithelial cells, functions to establish 
and maintain the Adherens Junctions between cells through 
calcium mediation [20,21]. E-cadherin gene is a tumour suppressor 
gene [22] and loss of E-cadherin protein increased metastatic 
potential and apoptosis resistance in tumour cells [23]. It is one of 
the extensively studied biomarkers as several human cancers 
occur through the transformation of epithelial cells. 
 Xu et al postulated that the loss of expression of E-cadherin 
is an important event in the progression, spread and prognosis of 
GBC. Their study concluded that loss of E-cadherin indicated 
lymph node metastasis and proffered poor prognosis in GBC [24]. 
 Inactivation of E-cadherin can be compiled into two general 
categories where mutations can result in the translation of a non-
functional protein product or cause the complete absence of the E-
cadherin molecule itself. While complete loss of E-cadherin 
resulted in epithelial-to-mesenchymal transition (EMT), point 
mutations that preserved the E-cadherin cytoplasmic tail while 
altering its extracellular domain did not result in EMT [23]. 
Decreased E-cadherin levels in malignant cells can be a result of 
gene mutation, promoter methylation, transcriptional repression, or 
posttranslational modification of the cadherin/catenin complex [20]. 
Further, methylation of the CDH1 gene has been associated with 
the incidence of distant metastasis in GBC [25] 
 Puhalla et al demonstrated difference in the membranous 
and cytoplasmic E-cadherin levels between normal gallbladder 
epithelia, inflamed tissue and GBC. They also noted lower E-
cadherin levels in undifferentiated tumours [26]. 
 Costa et al, suggested that decreased E-cadherin 
expression could be associated with an increase in the proportion 
of undifferentiated tumours, metastases and the extent of wall 
invasion in GBC. However, they failed to establish a prognostic 

correlation between E-cadherin expression and patient survival 
could be established [27].  
 Na et al demonstrated that the activation of E-cadherin at the 
cell surface using activating monoclonal antibodies [mAbs] resulted 
in the inhibition of metastasis progression. They used endogenous 
genetically driven mouse mammary tumour cells. They concluded 
that activation of E-cadherin can inhibit metastasis at different 
stages through various pathways. [28]. 
 E-cadherin has been established as a prognostic marker in 
squamous cell carcinoma of the head and neck [29], associated 
with poor prognosis in prostate cancer [30] and the presence of 
increased levels of serum soluble E-cadherin an 80KD degradation 
product of cellular E-cadherin has been linked to poor prognosis in 
gastric cancer [31]. 
 It has also been noted that E-cadherin expression in some 
highly metastatic cell lines tend to remains unaltered. This 
suggests that EMT might not always be the reason for 
invasiveness of carcinomas. To finely understand E-cadherin’s 
prognostic role in GBC, its interaction with other associative genes 
and pathways needs to be studied as well [32]. AEG-1 expression 
[19], β- catenin expression [31] and SDC1 expression [33] have 
been found to influence E-cadherin expression and/or functionality.  
 E-cadherin’s role in metastasis and its differing levels or loss 
could be exploited to understand and evaluate the disease 
prognosis among GBC patients. However, this warrants further 
analysis and understanding of the complex pathways that 
contribute lower levels of E-cadherin or its loss thereof including its 
interactions with partner molecules during carcinogenesis, EMT 
and metastases. 
EGFR: Epidermal Growth Factor Receptor (EGFR), a 
transmembrane receptor tyrosine kinase belonging to the ErBb 
family, plays an important role in the signal transduction pathways 
involved in several cellular functions like metabolism, 
differentiation, progression of cell-cycle and apoptosis [34]. Being 
one of the first tyrosine kinases to be described it was studied 
extensively as a target for novel drugs as the ATP-binding site of 
protein kinases could be effectively blocked by inhibitors [35]. 
Tyrosine kinase domain of EGFR which is essential for cell 
proliferation and differentiation is located in the cytoplasmic 
carboxy-terminal. Abnormal cellular proliferation can be brought 
about by amplification of EGFR, and its ligands, mutations of its 
gene [36]. 
 Leone et al were able to demonstrate the presence of 
mutations in the EGFR gene and the subsequent activation of 
downstream signalling pathways in GBC. They classified these 
mutations as heterozygous (amplification of wild-type sequence on 
the second allele) and   homozygous/hemizygous (amplification of 
the mutated sequence only) [37].  
 EGFR overexpression in human cancers has been reported 
through several studies [23, 38,39]. Gene mutation, amplification 
or translational upregulation of EGFR could be behind the higher 
EGFR levels detected in tumour cells.  
 In general overexpression of EGFR is observed in poorly 
differentiated tumours. It has also been noted in poorly 
differentiated tumours that are resistant to conventional therapies 
[23]. EGFR levels in well-differentiated adenocarcinoma of the gall 
bladder were noted to be lower than that of poorly differentiated 
malignancies [40]. 
 Kaufman et al, in their study, established a negative 
correlation between histological differentiation of GBC and EGFR 
overexpression. They suggested that on assuming poorly 
differentiated tumours behaved more aggressively, EGFR 
expression levels may suggest the extent of aggressiveness of 
GBC [34]. Elevated E-cadherin levels in GBC can be considered 
as an independent prognostic variable among patients and can be 
an indication of adverse prognosis [40,41].  
 Kawamato et al, in their study, found that EGFR was 
overexpressed in 16% of GBC samples they studied but was 
absent in extrahepatic bile duct cancer and intrahepatic bile duct 
cancer samples [42].  



Role of CYCLIN D1, E-Cadherin, EGFR, Her-2, KI67, and P53 Expressions as Prognostic Markers in Gall Bladder Cancer 

 
504   P J M H S  Vol. 16, No. 10, October, 2022 

 Li et al, in their study, demonstrated how EGFR nuclear 
translocation impacted upregulation of iNOS, which in turn could 
lead to the aggressive invasion characterised by GBC. This could 
also explain why certain patients show resistance to EGFR 
targeted therapies. Hence, considering EGFR levels and their role 
in both cytoplasm and nucleus might prove useful for potent drug 
design and accurate prognosis [43]. Also, EGFR gene 
amplification alone might not have a significant impact on patient 
prognosis [42,44]. 
 A standardized scoring system for EGFR overexpression in 
breast cancer was evaluated by Lee et al [45]. GBC too could 
benefit from similar studies. EGFR levels at various stages of GBC 
development, wall invasion, lymph node metastasis and distant 
metastasis could be analysed to arrive at a GBC specific profile. 
HER2: The c-erbB-2/HER2/neu protooncogene is translated into 
an185-kDa transmembrane tyrosine kinase receptor protein. 
EGFR and HER2 share structural homology and are modulated 
through the same downstream signal transduction systems [46,47]. 
HER2 overexpression has been detected and correlated to the 
progression of several human cancers [6,47].  HER2 
overexpression in GBC has also been established in several 
studies [47,48,49]. However, HER2 overexpression need not be 
essentially as the result of HER2 gene amplification alone [47]. 
HER-2 protein overexpression could be due to gene deregulation 
while, HER-2 gene amplification may be an independent 
prognostic factor for survival in a selective patients with lymph 
node metastases [50,51]. HER-2 overexpression in 31.2% of 
gallbladder cancers, while gene amplification was reported positive 
in only 20.9% [52]. It was noted that HER2 gene amplification 
observed among GBC patients have been found to reflect that 
which has been also observed among breast cancer patients. 
 Toledo et al suggested that HER2 overexpression might be 
linked to precursor lesions than the invasive malignant tumour 
itself. No HER2 expression was found in normal gallbladder 
epithelia while significant levels of expression were observed in 
both the carcinoma and precursor lesions [50]. 
 HER2’s role as a prognostic marker has been studied in 
other cancers as well. In their review, Jørgensen et al observed 
severe variations in the positivity rates reported among gastric 
cancer patients. However, they were able to associate HER2 
expression in gastric cancer with a negative prognosis [53].  
 The impact of geographical variations in HER2 amplification 
among different populations with gastric cancer has been observed 
and studied. It could be further investigated if these differences are 
applicable in GBC as locational variability has been observed as 
one of the major risk factors influencing the incidence of GBC [48]. 
Doval et al found that only 4% of the GBC patients tested positive 
and implied that Her-2 overexpression is a rare event among the 
Indian population [18]. 
 Marked variations in HER2 expression was found in several 
studies. This could be attributed to the different assays and scoring 
systems used to define and measure HER2 overexpression in 
GBC [49]. Neyaz et al suggested the use of HER2/neu scoring 
system using gastric criteria can be applied to GBC as well. They 
observed the presence of intratumoral heterogeneity [ITH] in GBC 
with respect to HER/Neu expression and its correlation to the 
presence of papillary exophytic growth [54]. Evaluating HER2 
overexpression in GBC might help understand the process to 
malignancy from precancerous lesions. With some studies 
reporting higher HER2 levels in precancerous lesions in 
comparison to the malignant tumour itself, its levels might be 
studied and understood to effectively identify benign lesions that 
have malignant potency. 
KI-67: The ki-67 antigen is a nuclear protein which is used as a 
reliable indicator of cellular proliferation [55,56]. It has two isoforms 
of 345KDa and 395KDa and its encoding gene is present on 
chromosome 10 [56]. The concentration of Ki-67 dynamically 
changes through the cell cycle progression in proliferating cells 
and is absent in their normal state [57]. Sobecki et al, elaborated 
the role of ki-67 in the maintenance of the compact nature of 

heterochromatin while facilitating interactions of different regions of 
the genome to modulate the rates of transcription of various genes 
involved in the cell cycle [58]. Ki-67’s influence on carcinogenesis 
can be extrapolated by understanding the regulatory dynamics of 
chromatin organisation during gene expression to facilitate 
increased or decreased expression of certain proteins [61]. Toledo 
et al used Ki-67 expression to prove increased cell proliferation in 
epithelial cells with metaplasia and carcinoma in situ of the 
gallbladder [50].  
 Ki-67 Labelling Index [LI] is the percentage of Ki-67 antigen-
positive cells in a given sample and is generally used to describe 
Ki-67 expression levels in any given sample [62]. Ki-67 LI has 
been understood to be an independent prognostic factor in cancer 
[56] and mean Ki-67 LI has been found to increase with tumour 
grade with the lowest level among well-differentiated and highest 
levels observed among poorly differentiated malignancies [61]. The 
ki-67 expression has been correlated with patient survivability in 
other types of cancer [52, 60]. MIB1 is a monoclonal antibody with 
a higher affinity to Ki-67 has been used to evaluate its levels 
[62,63]. Higher MIB1 LI is linked to poorly differentiated tumours, 
lymph node metastasis and poor survival rate [63,56]. Increased 
Ki-67 LI among poorly differentiated tumours observed could be 
due to their tendency to rapidly proliferate [18,56]. Grau et al in 
their study could not corroborate the higher expression of Ki-67 
observed and reported in previous studies of moderately 
differentiated tumours in comparison to poorly differentiated 
tumours [64]. The expression of Ki-67 in gallbladder had no 
bearing on patient survival, histological differentiation or gall 
bladder wall invasion [65].  
 In gastric cancer, postoperative tissue samples were 
characterized by high Ki-67 and the prognosis for patient survival 
improved when chemotherapy was used as adjuvant therapy. This 
proposed the idea where Ki-67 LI can be used to determine the 
need for adjuvant chemotherapy after surgical resection and 
improve patient prognosis [60]. 
 A significant difference in the Ki-67 levels between malignant 
and benign lesions was observed in GBC [66]. Studies also have 
established a minor connection between Ki-67 expression, age 
and gender of the patient. It was found that Ki-67 overexpression is 
higher in patients belonging to the age group< 40 years [60,67]. 
Since only rapidly proliferating cells express Ki-67 antigen, it 
remains to be seen if aggressive tumours can be identified and 
targeted with immunotherapy involving antibodies specific to Ki-67. 
p53: Located in the small arm of Chromosome 17, the TP53 gene 
translates into a 53-kDa nuclear phosphoprotein that acts to 
preserve the integrity and coherence of the genome by acting as a 
tumour suppressor [68].  Under normal circumstances, p53 inhibits 
proliferation of stressed and damaged cells thereby effectively 
stopping tumour development [69]. Mutations of the TP53 gene is 
one of the common genetic abnormalities found in most human 
cancers [70,71]. The most common mechanism of inactivation of 
p53 arises from point mutation that results in a translational 
product that has altered conformation and defective functionality. 
In addition, either a missense mutation or allele deletion often 
results in the absence of wild-type p53. Both these scenarios result 
in loss of tumour suppression functionality. Nonsense mutation or 
methylation of the p53 gene can result in total loss of p53 protein 
[68]. A significant amount of TP53 mutations identified so far are 
missense which extends the half-life of protein by several hours 
causing intranuclear accumulations and the same can be observed 
through immunohistochemistry [6,71]. TP53 amplification and p53 
accumulation could be independent events as overexpression of 
wild-type protein were noted in studies and this could be due to 
stabilisation or disruption of its proteolysis by other interacting 
molecules involved in GBC carcinogenesis [73]. 
 Wang et al in their study found statistically significant 
variations in the overexpression of p53 protein between precursor 
lesions and carcinomas of the gallbladder and between normal 
epithelia and carcinomas of the gallbladder. Based on these 
findings they stipulated that gallbladder adenomas lacked the 
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abnormalities of p53 often seen in GBC samples. They also went 
further in suggesting that p53 overexpression may not play an 
important role in the adenoma to carcinoma pathway in GBC 
carcinogenesis [74] 
 Zhang et al found evidence of correlation between the 
presence of NO and mutative P53 being expressed in chronic 
cholecystitis and chronic cholecystitis with adenomyoma and 
postulated that NO is one of the important factors in gallbladder 
cancer development. They suggested that NO can influence the 
expression levels of P53 [75]. Grau et al did not observe any 
difference in the survival times of GBC patients with or without p53 
overexpression [64]. 
 The significance of immunostaining of p53 in GBC has been 
studied widely with varying results. Oohashi et al used 
immunostaining effectively to distinguish between malignant and 
benign lesions of the gall bladder. They concluded that the 
overexpression of p53 is an early event in ~70% of well-
differentiated adenocarcinomas of the gall-bladder, and this 
change is sustained through the progression towards invasive 
neoplasm from intramucosal neoplasm [65].  
 Using a single case study Takano et al, elaborated how p53 
overexpression can be utilised to predict recurrence after surgical 
resection of the primary tumour. In their case study, though the 
remnant of the cystic duct after surgery exhibited no signs of 
neoplasm when analysed with H&E staining, significant p53 
overexpression was observed using immunostaining. The patient 
suffered a recurrence in the bile duct after 2.5 years [71]. 
 While most studies correlate the role of altered p53 protein in 
the progression of gall bladder cancer, contradictory studies have 
also emerged and its prognostic role has remained contentious. 
Uncontrolled expression of p53 or its loss there off has been 
correlated with poor prognosis in GBC by Kim et al in 2013. They 
had studied changes in p53 expression among Gall Bladder 
adenocarcinoma samples by observing the percentage of stained 
cancer cells. Cases that have significantly progressed showed 
increased p53 expression indicating that aberrant expression of 
p53 is a late event in the carcinogenesis process [5]. 
 Kaur et al, through their study, postulated that p53’s role was 
largely limited to the progression of the malignant tumour from 
lower to a higher grade but not in metastasis. They were able to 
correlate p53 overexpression was inversely linked to the grade of 
the tumour [73]. Costa et al suggested that p53 in GBC can be 
correlated with a late event in carcinogenesis as, in their study, 
p53 positivity was found to be higher in advanced cases [27]. 
 Studies also vary ambiguously concerning the timing of 
TP53 mutations in tumour development based on the population 
examined, and analysis methods. The various pathways in which 
p53 mutations impact carcinogenesis may be further influenced by 
genetic predisposition, oncogenic stress, carcinogen exposure etc.  
Identifying the status of p53 in GBC samples might prove useful in 
early recognition and surveillance to identify recurrence. In an 
extended sense, it can help in predicting a case-suitable targeted 
treatment regimen . 
 

CONCLUSION 
Gallbladder cancer patients are usually are diagnosed in later 
stages when conventional treatments are ineffective, resulting in 
higher mortality rates . The minimal response of advanced cases 
of GBC to traditional treatments calls for new prognostic and 
treatment perspectives to be identified. Novel prognostic 
biomarkers could bring about the needed breakthrough in this 
regard as they will help in the identification of patients who will 
benefit tremendously from adjuvant and targeted therapies. 
 Despite the available data and years of research, a 
prognostic marker that is 100% specific and sensitive to GBC is 
not yet available .A diverse number of molecular markers has been 
studied for their potential to be prognostic markers in GBC. Of 
these p53 and HER2 have been studied very extensively and have 
shown promise. Though these can be used as prognostic markers 
in GBC, current data available is insufficient for their efficient 

clinical use to demarcate GBC from other forms of GI cancers and 
benign conditions that mimic malignancy [6].  
 The deregulation and accumulation of the molecular markers 
we have discussed so far impact carcinogenesis of the gall bladder 
significantly. Further analytical studies on the concentration levels 
of these markers in normal vs precancerous vs cancerous tissues 
should be carried out with standardized assays to achieve clinically 
applicable results. [71].  Multivariable analysis that includes 
geographical variations, genetic predisposition, gender, co-
expression of oncogenes etc., also needs to be explored in detail. 
Highly specific prognostic markers can help individualise treatment 
options and bring down the mortality rate in GBC. 
 

REFERENCES 
1. Zhu AX, Hong TS, Hezel AF, Kooby DA. Current management of 

gallbladder carcinoma. Oncologist. 2010;15(2):168-181. 
doi:10.1634/theoncologist.2009-0302. 

2. Wang SN, Chung SC, Tsai KB, Chai CY, Chang WT, Kuo KK, Chen 
JS, Lee KT. Aberrant p53 expression and the development of 
gallbladder carcinoma and adenoma. Kaohsiung J Med Sci. 2006 
Feb;22(2):53-9. doi: 10.1016/S1607-551X(09)70221-9. PMID: 
16568721.  

3. Montalvo-Jave EE, Rahnemai-Azar AA, Papaconstantinou D, Deloiza 
ME, Tsilimigras DI, Moris D, Mendoza-Barrera GE, Weber SM, 
Pawlik TM. Molecular pathways and potential biomarkers in 
gallbladder cancer: A comprehensive review. Surg Oncol. 2019 
Dec;31:83-89. doi: 10.1016/j.suronc.2019.09.006. Epub 2019 Sep 13. 
PMID: 31541911. 

4. Poste G, Carbone DP, Parkinson DR, Verweij J, Hewitt SM, Jessup 
JM. Leveling the playing field: bringing development of biomarkers 
and molecular diagnostics up to the standards for drug development. 
Clin Cancer Res. 2012;18(6):1515-1523. doi:10.1158/1078-
0432.CCR-11-2206. 

5. . Kim K, Kim DH, Chae SW, Shin JH, Kim HJ, Do SI, Lee HJ, Koo JH, 
Pyo JS, Sohn JH. Expression of cell cycle-related proteins, p16, p53 
and p63 as important prognostic markers in gallbladder 
adenocarcinoma. Pathol Oncol Res. 2014 Apr;20(2):409-15. doi: 
10.1007/s12253-013-9710-5. Epub 2013 Nov 1. PMID: 24178677. 

6. Rupesh P, Manoj P, Vijay Kumar S. Biomarkers in carcinoma of the 
gallbladder. Expert Opin Med Diagn. 2008 May;2(5):511-26. doi: 
10.1517/17530059.2.5.511. PMID: 23495740. 

7.  Wistuba II, Gazdar AF. Gallbladder cancer: lessons from a rare 
tumour. Nat Rev Cancer. 2004 Sep;4(9):695-706. doi: 
10.1038/nrc1429. PMID: 15343276. 

8. Tchakarska G, Sola B. The double dealing of cyclin D1. Cell Cycle. 
2020 Jan;19(2):163-178. doi: 10.1080/15384101.2019.1706903. 
Epub 2019 Dec 29. PMID: 31885322; PMCID: PMC6961668. 

9. J. Alan Diehl (2002) Cycling to Cancer with Cyclin D1, Cancer 
Biology & Therapy, 1:3, 226-231, DOI: 10.4161/cbt.72. 

10. Musgrove, E., Caldon, C., Barraclough, J. et al. Cyclin D as a 
therapeutic target in cancer. Nat Rev Cancer 11, 558–572 (2011). 
https://doi.org/10.1038/nrc3090 

11. Hui AM, Li X, Shi YZ, Takayama T, Torzilli G, Makuuchi M. Cyclin D1 
overexpression is a critical event in gallbladder carcinogenesis and 
independently predicts decreased survival for patients with 
gallbladder carcinoma. Clin Cancer Res. 2000 Nov;6(11):4272-7. 
PMID: 11106243. 

12. Montalto, Francesca Ida, and Francesca De Amicis. "Cyclin D1 in 
cancer: a molecular connection for cell cycle control, adhesion and 
invasion in tumor and stroma." Cells 9.12 (2020): 2648. 

13. Albanese, C., Johnson, J., Watanabe, G., Eklund, N., Vu, D., Arnold, 
A., & Pestell, R. G. (1995). Transforming p21ras Mutants and c-Ets-2 
Activate the Cyclin D1 Promoter through Distinguishable Regions (∗). 
Journal of Biological Chemistry, 270(40), 23589-23597. 

14. Liu ZQ, Yao GL, Zhai JM, Hu DW, Fan YG. Kaempferol suppresses 
proliferation and induces apoptosis and DNA damage in human 
gallbladder cancer cells through the CDK4/CDK6/cyclin D1 pathway. 
Eur Rev Med Pharmacol Sci. 2021 Feb;25(3):1311-1321. doi: 
10.26355/eurrev_202102_24836. PMID: 33629301. 

15. Ye J, Qi L, Liang J, et al. Lenvatinib induces anticancer activity in 
gallbladder cancer by targeting AKT. J Cancer. 2021;12(12):3548-
3557. Published 2021 Apr 24. doi:10.7150/jca.50292 

16. Bi T, Zhu A, Yang X, et al. Metformin synergistically enhances 
antitumor activity of cisplatin in gallbladder cancer via the 
PI3K/AKT/ERK pathway. Cytotechnology. 2018;70(1):439-448. 
doi:10.1007/s10616-017-0160-x 

17. Ma HB, Hu HT, Di ZL, et al. Association of cyclin D1, p16 and 
retinoblastoma protein expressions with prognosis and metastasis of 

https://doi.org/10.1038/nrc3090


Role of CYCLIN D1, E-Cadherin, EGFR, Her-2, KI67, and P53 Expressions as Prognostic Markers in Gall Bladder Cancer 

 
506   P J M H S  Vol. 16, No. 10, October, 2022 

gallbladder carcinoma. World J Gastroenterol. 2005;11(5):744-747. 
doi:10.3748/wjg.v11.i5.744 

18. Doval DC, Azam S, Sinha R, Batra U, Mehta A. Expression of 
epidermal growth factor receptor, p53, Bcl2, vascular endothelial 
growth factor, cyclooxygenase-2, cyclin D1, human epidermal 
receptor-2 and Ki-67: Association with clinicopathological profiles and 
outcomes in gallbladder carcinoma. J Carcinog. 2014;13:10. 
Published 2014 Aug 25. doi:10.4103/1477-3163.139450 

19. Xu, S. T., Ma, Y. C., Wang, C. H., Xu, Y., & Gu, G. J. (2018). 
Prognostic and clinicopathologic significance of AEG-1/MTDH and E-
cadherin expression in human gallbladder carcinoma. International 
journal of clinical and experimental pathology, 11(12), 6025. 

20. Wheelock, M. J., & Johnson, K. R. (2003). Cadherins as modulators 
of cellular phenotype. Annual review of cell and developmental 
biology, 19(1), 207-235. 

21. Takeichi, M. (1988). The cadherins: cell-cell adhesion molecules 
controlling animal morphogenesis. Development, 102(4), 639-655. 

22. Semb, H., & Christofori, G. (1998). The tumor-suppressor function of 
E-cadherin. American journal of human genetics, 63(6), 1588. 

23. Tamer T. Onder, Piyush B. Gupta, Sendurai A. Mani, Jing Yang, Eric 
S. Lander, Robert A. Weinberg; Loss of E-Cadherin Promotes 
Metastasis via Multiple Downstream Transcriptional Pathways. 
Cancer Res 15 May 2008; 68 (10): 3645–3654. 
https://doi.org/10.1158/0008-5472.CAN-07-2938. 

24. Xu, S. T., Ma, Y. C., Wang, C. H., Xu, Y., & Gu, G. J. (2018). 
Prognostic and clinicopathologic significance of AEG-1/MTDH and E-
cadherin expression in human gallbladder carcinoma. International 
journal of clinical and experimental pathology, 11(12), 6025. 

25. Takahashi, T., Shivapurkar, N., Riquelme, E., Shigematsu, H., 
Reddy, J., Suzuki, M., Miyajima, K., Zhou, X., Bekele, B.N., Gazdar, 
A.F. and Wistuba, I.I., 2004. Aberrant promoter hypermethylation of 
multiple genes in gallbladder carcinoma and chronic cholecystitis. 
Clinical Cancer Research, 10(18), pp.6126-6133. 

26. Puhalla, H., Herberger, B., Soleiman, A., Filipits, M., Laengle, F., 
Gruenberger, T., & Wrba, F. (2005). E-cadherin and β-catenin 
expression in normal, inflamed and cancerous gallbladder tissue. 
Anticancer research, 25(6B), 4249-4254. 

27. Pais-Costa, S. R., Farah, J. F. D. M., Artigiani-Neto, R., Martins, S. J., 
& Goldenberg, A. (2014). Evaluation of P53, E-cadherin, Cox-2, and 
EGFR protein imunnoexpression on prognostic of resected 
gallbladder carcinoma. ABCD. Arquivos Brasileiros de Cirurgia 
Digestiva (São Paulo), 27, 126-132. 

28. Na, T. Y., Schecterson, L., Mendonsa, A. M., & Gumbiner, B. M. 
(2020). The functional activity of E-cadherin controls tumor cell 
metastasis at multiple steps. Proceedings of the National Academy of 
Sciences, 117(11), 5931-5937. 

29. Bosch, F. X., Andl, C., Abel, U., & Kartenbeck, J. (2005). E‐cadherin 
is a selective and strongly dominant prognostic factor in squamous 
cell carcinoma: a comparison of E‐cadherin with desmosomal 
components. International journal of cancer, 114(5), 779-790. 

30. Cheng, L., Nagabhushan, M., Pretlow, T. P., Amini, S. B., & Pretlow, 
T. G. (1996). Expression of E-cadherin in primary and metastatic 
prostate cancer. The American journal of pathology, 148(5), 1375. 

31. Chan, A.O.O., Lam, S.K., Chu, K.M., Lam, C.M., Kwok, E., Leung, 
S.Y., Yuen, S.T., Law, S.Y.K., Hui, W.M., Lai, K.C. and Wong, C.Y., 
2001. Soluble E-cadherin is a valid prognostic marker in gastric 
carcinoma. Gut, 48(6), pp.808-811. 

32. Lou, Y., Preobrazhenska, O., auf dem Keller, U., Sutcliffe, M., 
Barclay, L., McDonald, P.C., Roskelley, C., Overall, C.M. and 
Dedhar, S., 2008. Epithelial–mesenchymal transition (EMT) is not 
sufficient for spontaneous murine breast cancer metastasis. 
Developmental Dynamics, 237(10), pp.2755-2768. 

33. Liu, Z., Jin, H., Yang, S., Cao, H., Zhang, Z., Wen, B., & Zhou, S. 

(2020). SDC1 knockdown induces epithelial–mesenchymal transition 
and invasion of gallbladder cancer cells via the ERK/Snail pathway. 
Journal of International Medical Research, 48(8), 
0300060520947883. 

34. Kaufman, M., Mehrotra, B., Limaye, S., White, S., Fuchs, A., 
Lebowicz, Y., Nissel-Horowitz, S. and Thomas, A., 2008. EGFR 
expression in gallbladder carcinoma in North America. International 
Journal of Medical Sciences, 5(5), p.285. 

35. . Traxler, P., & Furet, P. (1999). Strategies toward the design of novel 
and selective protein tyrosine kinase inhibitors. Pharmacology & 
therapeutics, 82(2-3), 195-206. 

36. Voldborg, B. R., Damstrup, L., Spang-Thomsen, M., & Poulsen, H. S. 
(1997). Epidermal growth factor receptor (EGFR) and EGFR 
mutations, function and possible role in clinical trials. Annals of 
Oncology, 8(12), 1197-1206. 

37. Leone, F., Cavalloni, G., Pignochino, Y., Sarotto, I., Ferraris, R., 
Piacibello, W., Venesio, T., Capussotti, L., Risio, M. and Aglietta, M., 

2006. Somatic mutations of epidermal growth factor receptor in bile 
duct and gallbladder carcinoma. Clinical Cancer Research, 12(6), 
pp.1680-1685.  

38. Letelier, P., Brebi, P., Tapia, O. and Roa, J.C., 2012. DNA promoter 
methylation as a diagnostic and therapeutic biomarker in gallbladder 
cancer. Clinical epigenetics, 4(1), pp.1-11. 

39. Reimers, N., Kasper, H.U., Weissenborn, S.J., Stützer, H., Preuss, 
S.F., Hoffmann, T.K., Speel, E.J.M., Dienes, H.P., Pfister, H.J., 
Guntinas‐Lichius, O. and Klussmann, J.P., 2007. Combined analysis 
of HPV‐DNA, p16 and EGFR expression to predict prognosis in 
oropharyngeal cancer. International journal of cancer, 120(8), 
pp.1731-1738. 

40. Kumar, N., Khan, M. A., Kumar, N., Ranjan, R., & Hazra, N. (2016). 
Epidermal growth factor receptor expression in carcinoma 
gallbladder: A prospective study in Indian scenario. Journal of Cancer 
Research and Therapeutics, 12(2), 959. 

41. Sergeant, G., Lerut, E., Ectors, N., Hendrickx, T., Aerts, R., & Topal, 
B. (2011). The prognostic relevance of tumor hypoxia markers in 
resected carcinoma of the gallbladder. European Journal of Surgical 
Oncology (EJSO), 37(1), 80-86. 

42. Kawamoto, T., Krishnamurthy, S., Tarco, E., Trivedi, S., Wistuba, I.I., 
Li, D., Roa, I., Roa, J.C. and Thomas, M.B., 2007. HER receptor 
family: novel candidate for targeted therapy for gallbladder and 
extrahepatic bile duct cancer. Gastrointestinal cancer research: GCR, 
1(6), p.221. 

43. Li, C. F., Fang, F. M., Wang, J. M., Tzeng, C. C., Tai, H. C., Wei, Y. 
C., ... & Huang, H. Y. (2012). EGFR nuclear import in gallbladder 
carcinoma: nuclear phosphorylated EGFR upregulates iNOS 
expression and confers independent prognostic impact. Annals of 
surgical oncology, 19(2), 443-454. 

44. Bronte, G., Terrasi, M., Rizzo, S., Sivestris, N., Ficorella, C., Cajozzo, 
M., ... & Russo, A. (2011). EGFR genomic alterations in cancer: 
prognostic and predictive values. Front Biosci (Elite Ed), 3, 879-887. 

45. Lee, H. J., Seo, A. N., Kim, E. J., Jang, M. H., Kim, Y. J., Kim, J. H., 
... & Park, S. Y. (2015). Prognostic and predictive values of EGFR 
overexpression and EGFR copy number alteration in HER2-positive 
breast cancer. British journal of cancer, 112(1), 103-111. 

46. Ooi, A., Suzuki, S., Nakazawa, K., Itakura, J., Imoto, I., Nakamura, 
H., & Dobashi, Y. (2009). Gene amplification of Myc and its 
coamplification with ERBB2 and EGFR in gallbladder 
adenocarcinoma. Anticancer research, 29(1), 19-26. 

47. Shepard, H.M., Lewis, G.D., Sarup, J.C., Fendly, B.M., Maneval, D., 
Mordenti, J., Figari, I., Kotts, C.E., Palladino, M.A., Ullrich, A. and 
Slamon, D., 1991. Monoclonal antibody therapy of human cancer: 
taking the HER2 protooncogene to the clinic. Journal of clinical 
immunology, 11(3), pp.117-127. 

48. Roa, I., de Toro, G., Schalper, K., de Aretxabala, X., Churi, C., & 
Javle, M. (2014). Overexpression of the HER2/neu gene: a new 
therapeutic possibility for patients with advanced gallbladder cancer. 
Gastrointestinal cancer research: GCR, 7(2), 42. 

49. Gupta, A., Gupta, S., Mani, R., Durgapal, P., Goyal, B., Rajput, D., 
Rao, S., Dhar, P., Gupta, M., Kishore, S. and Kant, R., 2021. 
Expression of Human epidermal growth factor receptor 2, Survivin, 
Enhancer of zeste homolog-2, Cyclooxygenase-2, p53 and p16 
molecular markers in Gall bladder carcinoma. Journal of 
carcinogenesis, 20. 

50. Toledo, C., Matus, C. E., Barraza, X., Arroyo, P., Ehrenfeld, P., 
Figueroa, C. D., ... & Poblete, M. T. (2012). Expression of HER2 and 
bradykinin B1 receptors in precursor lesions of gallbladder 
carcinoma. World journal of gastroenterology: WJG, 18(11), 1208. 

51. Kim, H.J., Yoo, T.W., Park, D.I., Park, J.H., Cho, Y.K., Sohn, C.I., 
Jeon, W.K., Kim, B.I., Kim, M.K., Chae, S.W. and Sohn, J.H., 2007. 
Gene amplification and protein overexpression of HER-2/neu in 

human extrahepatic cholangiocarcinoma as detected by chromogenic 
in situ hybridization and immunohistochemistry: its prognostic 
implication in node-positive patients. Annals of oncology, 18(5), 
pp.892-897. 

52. Kim, D. K., Kim, D. W., Kim, S. W., Kim, D. Y., Lee, C. H., & Rhee, C. 
S. (2008). Ki67 antigen as a predictive factor for prognosis of 
sinonasal mucosal melanoma. Clinical and experimental 
otorhinolaryngology, 1(4), 206. 

53. Jørgensen JT, Hersom M. HER2 as a Prognostic Marker in Gastric 
Cancer - A Systematic Analysis of Data from the Literature. J Cancer. 
2012;3:137-144. doi:10.7150/jca.4090 

54. Neyaz, A., Husain, N., Gupta, S., Kumari, S., Arora, A., Awasthi, 
N.P., Malhotra, K.P. and Misra, S., 2018. Investigation of targetable 
predictive and prognostic markers in gallbladder carcinoma. Journal 
of Gastrointestinal Oncology, 9(1), p.111. 

55. Lopez, F., Belloc, F., Lacombe, F., Dumain, P., Reiffers, J., Bernard, 
P., & Boisseau, M. R. (1991). Modalities of synthesis of Ki67 antigen 

https://doi.org/10.1158/0008-5472.CAN-07-2938


A. Agarwal, R. Bansal, M. Gupta 

 
P J M H S  Vol. 16, No. 10, October, 2022   507 

during the stimulation of lymphocytes. Cytometry: The Journal of the 
International Society for Analytical Cytology, 12(1), 42-49. 

56. Li, Lian Tao, Guan Jiang, Qian Chen, and Jun Nian Zheng. "Ki67 is a 
promising molecular target in the diagnosis of cancer." Molecular 
medicine reports 11, no. 3 (2015): 1566-1572. 

57. . Ross, W., & Hall, P. A. (1995). Ki67: from antibody to molecule to 
understanding?. Clinical molecular pathology, 48(3), M113. 

58. Sobecki, M., Mrouj, K., Camasses, A., Parisis, N., Nicolas, E., Llères, 
D., Gerbe, F., Prieto, S., Krasinska, L., David, A. and Eguren, M., 
2016. The cell proliferation antigen Ki-67 organises heterochromatin. 
elife, 5, p.e13722. 

59. Mrouj, K., Andrés-Sánchez, N., Dubra, G., Singh, P., Sobecki, M., 
Chahar, D., Al Ghoul, E., Aznar, A.B., Prieto, S., Pirot, N. and Bernex, 
F., 2021. Ki-67 regulates global gene expression and promotes 
sequential stages of carcinogenesis. Proceedings of the National 
Academy of Sciences, 118(10). 

60. Seo, Sang Hyuk, Kwang Hee Kim, Sang Hoon Oh, Yunseon Choi, Ki 
Jung Ahn, Ji Young Lee, Sang Min Lee, Jisun Park, and Woo 
Gyeong Kim. "Ki-67 labeling index as a prognostic marker in 
advanced stomach cancer." Annals of Surgical Treatment and 
Research 96, no. 1 (2019): 27-33. 

61. Ojha, A., Agrawal, T., Gupta, S., Singh, P., & Agarwal, A. (2018). 
Immunohistochemical expression of Ki-67 in gall bladder carcinoma. 
Indian J Pathol Oncol, 5, 173-7. 

62. Shrestha, M. L., Miyake, H., Kikutsuji, T., & Tashiro, S. (1998). 
Prognostic significance of Ki-67 and p53 antigen expression in 
carcinomas of bile duct and gallbladder. JOURNAL OF MEDICAL 
INVESTIGATION, 45, 95-102. 

63. Lee, C. S. (1996). Differences in cell proliferation and prognostic 
significance of proliferating cell nuclear antigen and Ki‐67 antigen 
immunoreactivity in in situ and invasive carcinomas of the 
extrahepatic biliary tract. Cancer: Interdisciplinary International 
Journal of the American Cancer Society, 78(9), 1881-1887. 

64. Grau, L. A. H., Badia, J. M., Salvador, C. A., Monsó, T. S., Canaleta, 
J. F., Nogués, J. M. G., & Sala, J. S. (2004). Gallbladder carcinoma: 
the role of p53 protein overexpression and Ki‐67 antigen expression 
as prognostic markers. Hpb, 6(3), 174-180. 

65. Oohashi, Y., Watanabe, H., Ajioka, Y., & Hatakeyama, K. (1995). p53 
immunostaining distinguishes malignant from benign lesions of the 
gall‐bladder. Pathology international, 45(1), 58-65. 

66. Gupta, P., Lal, N., Siddiqui, A. N. S., & Musa, O. (2016). Assessment 
of Morphometric analysis, AgNOR Score and IHC expression of Ki-67 
in Gallbladder carcinoma. Int J Adv Res, 4, 312-26. 

67. Gupta, Amit, Sweety Gupta, Deepak Rajput, Prashant Durgapal, 
Jaine John Chennatt, Sanjeev Kishore, Shalinee Rao, Puneet Dhar, 
Manoj Gupta, and Ravi Kant. "Expression and clinicopathological 
correlation of Ki-67 in gallbladder carcinoma." Journal of 
Carcinogenesis 20 (2021). 

68. Kumar, R., Yadav, S. K., Singh, G., Gupta, R., & Singh, S. (2021). 
Study of expression of p53 and Ki-67 in Benign, premalignant, and 
malignant lesions of the gallbladder. Journal of Cancer Research and 
Practice, 8(3), 87. 

69. Vogelstein, B., Lane, D., & Levine, A. J. (2000). Surfing the p53 
network. Nature, 408(6810), 307-310. 

70. Levine, A. J. (1997). p53, the cellular gatekeeper for growth and 
division. cell, 88(3), 323-331. 

71. Takano, A., Nakagomi, H., Ikegame, K., Yamamoto, A., Watanabe, 
H., Nakada, H., ... & Omata, M. (2016). Report of a case with 
gallbladder carcinoma: P53 expression of the peritumor epithelium 
might predict biliary tract recurrence. International journal of surgery 
case reports, 28, 325-329. 

72. .Wee A, Teh M, Raju GC.  Clinical importance of p53 protein in gall 
bladder carcinoma and its precursor lesions.     Journal of Clinical 
Pathology 1994;47:453-456. 

73. Kaur, D., Agrawal, T., Garg, T., & Sagar, S. K. (2020). 
Histopathological study of gall bladder malignancies with special 
reference to p53 expression. Indian Journal of Pathology and 
Oncology, 7(1), 147-151. 

74. Tahara, E. (1995). Genetic alterations in human gastrointestinal 
cancers. The application to molecular diagnosis. Cancer, 75(S6), 
1410-1417. 

75. Zhang, M., Pan, J. W., Ren, T. R., Zhu, Y. F., Han, Y. J., & Kühnel, 
W. (2003). Correlated expression of inducible nitric oxide synthase 
and P53, Bax in benign and malignant diseased gallbladder. Annals 
of Anatomy-Anatomischer Anzeiger, 185(6), 549-554. 

 
 


