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Introduction:

Gallbladder carcinoma (GBC) is an aggressive and common cancer of the biliary tract. It develops on the epithelia
of the gallbladder and is has the ability to rapidly metastasize to nearby organs and distant lymph nodes. It also
has the shortest median survival time when compared to other biliary tract cancers [1]. As the disease rarely
presents a distinct set of clinical symptoms, delayed diagnosis contributes heavily towards the negative prognosis
widely associated with the disease [2]. The molecular mechanisms and underlying changes that bring about
carcinogenesis of the gallbladder epithelia, though widely studied have not been fully understood. Chronic
inflammation [3], dysplasia [4] and adenoma [5] among other factors have been observed to increase the risk of
developing GBC among other risk factors. With current treatment options offering only limited curative
capacities, identifying and studying biomarkers with potential to speed up prognostics and having clinical
applicability has become a priority. These biomarkers, apart from playing an important role in carcinogenesis,
need to be specific for GBC and their levels should vary significantly enough to differentiate between malignant
and benign conditions. Though several such molecules have been identified and used in diagnostic trials, the
availability of disease-specific and highly sensitive markers for GBC is yet a task to be achieved. Isolation of such
prognostic markers will help in understanding disease progression [6]. Further, expression levels of these
prognostic markers can be used to aid in the determination of the clinical course of action, patient response to
therapy and the need for adjuvant therapy [7]. An ideal prognostic marker should be easily quantifiable with high
sensitivity, specificity and its levels should significantly vary to be able to differentiate benign conditions from
malignancy. A clinically applicable prognostic marker should be able to predict recurrence, survivability and need
for adjuvant therapies. Several categories of markers have been studied to date and include tumour markers such
as CA125, CA19-9, CEA, inflammatory markers like CRP, tumour suppressors like p53, E-cadherin etc. In this
review we hope to explore the future prospects of some of these markers based on available literature.

P53
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The TP53 gene is located in the small arm of Chromosome 17 is translated into a 53-kDa nuclear phosphoprotein
tumour suppressor protein called p53 [8]. Mutations of the TP53 gene is one of the commonly observed genetic
abnormalities in most human cancers [9]. During carcinogenesis, the tumour suppressor function of p53 is lost
frequently due to point mutation, missense mutation or deletion of allele. Total loss of p53 protein is observed in
cases of nonsense mutation or methylation of the p53 gene [8].

In GBC, the role of aberrant expression of p53 has been widely investigated. Wang et al, based on their study
suggested that p53 overexpression significantly varied between carcinomas, precursor lesions and normal
epithelia. They postulated that since adenomas did not express the same p53 abnormalities found in GBC, P53
overexpression might not have a significant role in the adenoma to carcinoma pathway [10]. While, p53
overexpression frequency is generally higher in GBC samples, it cannot be correlated to patient survival or tumour
differentiation [11]. However, in another study p53 overexpression in GBC was found to influence poor prognosis
and adverse clinical outcome in patients [12]. While some studies indicate that overexpression of p53 could be an
early event in the carcinogenesis of well-differentiated adenocarcinomas of the gall-bladder [13], others define
p53 overexpression as a late event in the carcinogenesis process due to increased levels observed in samples from
significantly progressed GBC [14,15]. p53 levels has been suggested as a means to predict recurrence of
malignancy after surgical resection by immunostaining of remnant tissue sample [16]. Kaur et al, linked p53
overexpression inversely to the grade of tumour and suggested p53 might not play a role in the metastasis of GBC
[17].

Ambiguity reported regarding the role of p53, can be resolved with optimized and standardized assays and scoring
protocol. More over understanding the individual role of p53 overexpression, loss of wildtype protein and
complete absence of the same can bring about a greater understanding about their impact in carcinogenesis. This
data can be extrapolated further for its prognostic potential as its overexpression in GBC has been linked to tumour
grade, differentiation and outcome. With more standardized studies, P53 could become a valuable tool in early
diagnosis and treatment of GBC.

IL 17A

Interleukin 17 A, commonly abbreviated as IL 17 A or IL17 is secreted by TH 17 cells. It plays a major role in
the immune response against pathogens, allergies and autoimmune disorders [18]. Its role in various cancers is
being widely studied. In GBC, it is thought to aid cell proliferation and have a pro-metastatic role.

Patil et al, established that IL 17 increased cellular proliferation in GBC and reported that IL17 producing cells
Ty817 and Th17 as predictive markers in GBC. Future treatment options could target Ty317’s movement to the
tumour site and inhibition of IL 17 function [19]. Chen et al studied the role of IL 17 in invasive nature of GBC.
They established that IL 17 played a pro-invasive role in GBC. IL 17 aided EMT by increasing the activity of
ERK-NF-«B signaling pathway in which, vimentin and slug were upregulated and E-cadherin was downregulated
[20]. Loss of E-cadherin and increased expression of vimetin and slug contributes to the invasive nature of GBC
[20,21]. IL 17 plays an important role in defending the body against harmful pathogens. Hence, the complete
implications and risks involved in the clinical application for prognosis and treatment methods including inhibition
of 1L-17 should be carefully studied [18].

KI-67

The KI-67 antigen is a nuclear protein with two isoforms of 345KDa and 395KDa [22]. Healthy cells in resting
phase do not exhibit KI-67 and its concentration actively changes throughout the cell cycle [23]. It helps maintain
the compactness of the heterochromatin during the active phase of the cell cycle [24]. Ki-67 is overexpressed in
actively proliferating tumour cells and hence it is used as an indicator of cancer. Detecting Ki-67 expression by
measuring KI1-67 LI through nuclear staining using immunohistochemistry is a widely used prognostic tool. Ki-
67 Labelling Index [LI] for any given sample is the percentage of Ki-67 antigen-positive cells [25]. Higher Ki-67
LI, that is observed in samples of poorly differentiated tumours might be due to their tendency to rapidly
proliferate [22,26]. Ki-67 LI can be an important tool to predict the aggressiveness of GBC. MIB, a monoclonal
antibody with a higher affinity to Ki-67 has been lately used to evaluate its levels [23,27]. Higher MIB1 L1 is
linked to poorly differentiated tumours, lymph node metastasis and poor survival rate [22,28].
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Ki-67 expression in GBC is found to be higher than in normal and benign conditions of gallbladder. A minor
correlation between Ki-67 expression to the age and gender patients has also been studied and Ki-67 expression
has been found at a greater frequency among patients of < 40 years and women [26,29]. Ki-67 was used to
demonstrate increased cellular proliferation in cells of invasive gallbladder carcinoma [30]. Higher Ki-67 levels
in GBC patients have been further correlated with poorly differentiated tumours and lymph node metastasis [27].
Ki-67 LI increases with histological grade in GBC [31]. Ki-67 LI shows measurable differences between benign
and malignant states of the gallbladder epithelia. This can be extrapolated to help identify the transformation
potency of benign conditions towards malignancy. However, for effective clinical usage as a prognostic index,
Ki-67 expression in GBC needs to be further critically evaluated and standardized.

CEA

Carcinoembryonic antigen is one of the traditionally used tumour markers for gallbladder cancer [2]. Serum CEA
can be used to differentiate GBC from benign gallstones [32]. GBC patient samples that were positive for
cytoplasmic CEA and stromal CEA frequently showed Lymph node metastasis [33]. Also, CEA- dNLR (derived
neutrophil-to-lymphocyte) ratio is an independent prognostic factor in GBC can be used to predict the overall
survival [34]. increased CEA levels have been correlated with metastasis in GBC patients [35]. CEA, might not
be clinically effective as a standalone prognostic marker and however, its specificity can be increased in
combination with other biomarkers.

CA19-9

Carbohydrate Antigen 19-9 (CA19-9) serum level has been identified as an independent prognostic factor among
GBC patients and can be used as an indicator to determine the need for adjuvant therapies when conventional
therapies might not be as effective [36]. CA19-9 can also be used to differentiate GBC from benign conditions
of the gallbladder [32]. Though, CA19-9 exhibited the highest sensitivity it cannot be used as a standalone marker
to identify GBC due to its low specificity [37].

CA125

CA125 (Cancer Antigen 125) is another tumour marker that is widely used in GBC diagnosis [2]. At the cut off
value of 11 U/ml, CA 125 was able to differentiate GBC from benign conditions of the gallbladder with a
sensitivity of 64% and specificity of 90%. Increased CA 125 could be used to differentiate GBC from (glycogen
storage disease) GSD [38]. CA 125 with a cut off value of 92.19U/ml was found to have a sensitivity of 100%
and specificity of 94.5% [39]. Though, CA125 could play a significant role in diagnosis of GBC its prognostic
potency remains to be established.

CRP

C-reactive protein (CRP) is a serum protein originating hepatically. Increased CRP levels are directly correlated
to the inflammatory response as a result of disease or injury. As such it is called as prototypic acute phase reactant
[40].

Significantly elevated CRP levels can be associated with cholecystitis and gallbladder cancer as both conditions
show considerable inflammation. Chronic inflammation of the gallbladder brought about by gallstones or
infections can result in higher serum CRP levels, thereby increasing GBC risk, while inflammation resulting from
carcinoma contributes to the higher CRP levels observed in GBC patients [41]

Kim et al, conducted a comparative study on the CRP level between acute cholecystitis and gallbladder cancer
patients. While they found increased CRP levels in both cases, the level was noticeably higher among patients
with acute cholecystitis than that of GBC patients. CRP levels have been associated with poor prognosis in GBC
patients [42].

CRP level in serum is non-specific and can be used in conjunction with other specific tools to assess progress of
GBC or the possibility of its recurrence.
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Cyclin D1

Cyclin D1 coded by the CCND1 gene is a 295 amino acid protein. Significant levels of Cycling D1 overexpression
has been observed in several cancers. Cyclin D1 overexpression can be a result of gene amplification,
chromosomal rearrangement or disruption to the protein degradation [43]. Cyclin D1 overexpression can also be
brought about by alterations of the associated signaling intermediates, including the RAS-MEK-ERK and PI3K
pathways [44, 45].

Hui et al observed that higher mortality rates were correlated to the amplification of CCND1 gene in patients.
They suggested that, CCND1 amplification and Cyclin D1 protein overexpression can be considered as
independent events in carcinogenesis [46].

Hui et al proposed deregulation of Cyclin D1as an early-stage event. In their study if GBC samples, they observed
Cyclin D1 overexpression in adenomas at a higher frequency in comparison to carcinomas and suggested that
Cyclin D1 might play a role in the transformation of adenomas into cancer [46]. However, another study reported
that there is no significant difference in the expression levels of Cyclin D1 between carcinomas and adenomas
[47]. Doval et al reported higher cyclin D1 levels among poorly differentiated tumours and distant metastasis of
GBC [26].

Significant difference in the expression levels of Cyclin D1 in benign conditions of the gallbladder has been
observed. Benign conditions of the gallbladder showed lower or negative Cyclin D1 overexpression. Ma et al
observed that chronic cholecystitis samples showed lower Cyclin D1 when compared to adenomas and
adenocarcinomas of the gallbladder [47]. Nuclear and cytoplasmic staining of cyclin D1 at considerably higher
levels were also observed in adenomas and low-grade dysplasia of the gall bladder epithelium [48].

These variations might help significantly in the early identification and treatment of GBC. Studying Cyclin D1
might further help in understanding the metastatic ability of GBC and the adenoma to carcinoma pathway.

EGFR

Epidermal Growth Factor Receptor (EGFR) is a part of the ErBb family and is a transmembrane receptor tyrosine
kinase [49]. It is made up of a single polypeptide chain consisting of 1186 amino acids and is usually located in
the cell membrane of healthy cells. Higher levels of EGFR brought about by gene mutation or amplification can
result in an abnormal increase in cellular proliferation [50]. Mutations of the EGFR gene are generally classified
as 1. heterozygous which is the amplification of wild-type sequence on the second allele, or 2.
homozygous/hemizygous which is the amplification of the mutated sequence alone [51]. Increased EGFR levels
have been reported in both benign and malignant conditions of the gallbladder. Gene mutation, amplification or
translational upregulation of EGFR could possibly contribute towards higher-than-normal levels of EGFR
observed in tumour cells. Overexpression of EGFR has been also observed in poorly differentiated tumours that
show resistance to conventional treatment options and therapies [49,51,52].

In the case of gallbladder, studies have reported very low or negative immunoreactivity in benign samples of
chronic cholecystitis and dysplasia [53,54]. In case of Cholelithiasis, significant number of samples tested showed
increased EGFR levels. However, the reported levels were lower in comparison to that observed in GBC samples.
Poorly differentiated tumours in GBC showed higher levels of EGFR than well differentiated ones [55].
Histological differentiation of GBC is inversely correlated to EGFR overexpression. Kaufman et al suggested the
assumption that as poorly differentiated tumours behave more aggressively, EGFR expression levels may evince
the extent of aggressiveness of GBC. Higher EGFR levels in patients could be correlated with shorter survival
times [49]. Elevated EGFR levels in GBC can be considered as an independent prognostic variable among patients
and can be an indication of adverse prognosis [55,56].

In another study, EGFR was overexpressed in 16% of GBC samples but was not observed in extrahepatic and
intrahepatic bile duct cancer samples or normal epithelia or cholecystitis. Further they were unable to find any
significant correlation between EGFR and Her -2 expressions in GBC [59].

EGFR protein overexpression studied through IHC was generally scored as follows: 0= no staining observed; 1+=
faint membrane staining in > 1% of cancer cells in part of the cell membrane; 2+= weak to moderate complete
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membrane staining in over 1% of cancer cells; Score 3+= intense complete membrane staining in over 1% of
tumour cells [54,56]. Though, EGFR overexpression in GBC has been established through several studies, a
standardized approach to quantifying the same is yet to be developed.

E-Cadherin

E-cadherin is a 120KDa glycoprotein that functions to establish and maintain the Adherens Junctions (AJ)
between cells through calcium mediation [57,58]. It is a tumour suppressor protein and also is one of the most
studied biomarkers of human cancer. Loss of E-cadherin results in higher metastatic potential and apoptosis
resistance in tumour cells [59]. Studies show that the concentration of membranous and cytoplasmic E-cadherin
levels exhibit progressive reduction from normal gallbladder epithelia to inflamed tissue to GBC. Reduced E-
cadherin levels on the cytoplasmic membrane was observed in undifferentiated tumours in GBC patients [60].
Decreased E-cadherin expression has been associated with metastases, extent of wall invasion in GBC apart from
increase in the proportion of undifferentiated tumours [61]. E-cadherin inhibition also offers a potential
therapeutic value as Na et al demonstrated that activating E-cadherin using mAbs can inhibit metastasis at different
stages through various pathways [62]. The reducing E-cadherin levels could be tracked and exploited to identify
the malignancy potential of benign conditions and stage GBC with further studies.

HER2

HER2 is another transmembrane tyrosine kinase receptor protein whose overexpression has been detected and
correlated to the progression of several human cancers [63,64]. Overexpression of HER2 in GBC has been
demonstrated in several studies [64,65,66] but the frequency of overexpression and gene amplification has been
found to be lower than other markers. HERZ2 protein overexpression in relation to gene amplification is yet to be
established in GBC [65]. Studies also suggest that HER2 protein overexpression in GBC could be more often due
to gene deregulation rather than amplification [30,67]. HER2 levels reported across different studies conducted
on GBC samples exhibit a large variation. These reported variations in HER2 expression have been attributed to
the choice of different assays and scoring systems with varying specificity and sensitivity towards GBC [66]. The
most commonly used scoring systems in these studies are based on the criteria used for gastric cancer [68] and
breast cancer [66] along with the Hercep test scoring system [54]. Though, Toledo et al argued that HER2
immunoreactivity observed in basolateral cell membrane domain of metaplastic gallbladder epithelium in GBC
could not be compared to that scored by Hercep Test as it is based on the immunoreactivity observed in invasive
breast cancer cells that are neoplastic non-polarized cells, Kawamato et al suggested that Hercep test could be
used as an acceptable predictor to determine FISH positivity of HER2 gene amplification [54]. It has also been
suggested that HER2 overexpression could be more prevalent in precursor lesions than carcinoma in situ and
metastasis [30]. If this is so, then investigations specifically aimed at understanding the role and concentration of
HER-2 levels in benign and precancerous lesions might help reveal its potential in becoming an invaluable
prognostic tool in the early identification of malignant transformation.

Conclusions:

Gallbladder Carcinoma, though rare, is a deadly form of cancer with limited treatment options. Identifying
prognostic markers specific to GBC can change the current course of clinical approach making way for better and
targeted prognostic and patient-oriented treatment practices when conventional treatment options may not be
viable. These molecular based diagnostic and prognostic tools may bring about a better understanding of the
disease and thus warrant further research and standardization studies that will lead to their clinical applicability.
Studying the above discussed biomarkers on molecular and analytical levels about their role in benign diseases,
benign to malignant transformation, primary tumours and metastasis will help open up avenues for a better
prognostic approach to tackle GBC and increase overall survival time in patients.

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.

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 9 | 2022 m




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

Gourgiotis, S., Kocher, H. M., Solaini, L., Yarollahi, A., Tsiambas, E., & Salemis, N. S. (2008). Gallbladder cancer. The American
Journal of Surgery, 196(2), 252-264.

Li, Y., Zhang, J., & Ma, H. (2014). Chronic inflammation and gallbladder cancer. Cancer letters, 345(2), 242-248.

Roa, I., De Aretxabala, X., Araya, J. C., & Roa, J. (2006). Preneoplastic lesions in gallbladder cancer. Journal of surgical oncology,
93(8), 615-623.

Kozuka, S., Tsubone, M., Yasui, A., & Hachisuka, K. (1982). Relation of adenoma to carcinoma in the gallbladder. Cancer, 50(10),
2226-2234.

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.

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.

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.

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

Wang, S.N., Chung, S.C., Tsai, K.B., Chai, C.Y., Chang, W.T., Kuo, K.K., Chen, J.S. and Lee, K.T., 2006. Aberrant p53 expression
and the development of gallbladder carcinoma and adenoma. The Kaohsiung Journal of Medical Sciences, 22(2), pp.53-59.

Grau, L. A. H., Badia, J. M., Salvador, C. A., Monso, 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.
Kanthan, R., Radhi, J. M., & Kanthan, S. C. (2000). Gallbladder Carcinomas: An Immunoprognostic Evaluation of P53; Bcl-2;
CEA and Alpha-Fetoprotein. Canadian Journal of Gastroenterology, 14(3), 181-184.

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.

Kim K, Kim DH, Chae SW, Shin JH, Kim HJ, Do Sl, 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.

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 (S&o Paulo), 27, 126-132.

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.

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.

Iwakura Y, Ishigame H, Saijo S, Nakae S. Functional specialization of interleukin-17 family members. Immunity. 2011 Feb
25;34(2):149-62. doi: 10.1016/j.immuni.2011.02.012. PMID: 21349428.

Patil, R. S., Shah, S. U., Shrikhande, S. V., Goel, M., Dikshit, R. P., & Chiplunkar, S. V. (2016). IL17 producing y3T cells induce
angiogenesis and are associated with poor survival in gallbladder cancer patients. International Journal of Cancer, 139(4), 869-881.
Chen, K., Tang, H., Zhu, P, Ye, J., Liu, D., Pu, Y., ... & Zhai, W. (2020). Interleukin 17A promotes gallbladder cancer invasiveness
via ERK/NF-kB signal pathway mediated epithelial-to-mesenchymal transition. Journal of Cancer, 11(15), 4406.

Cai, Q., Jin, L., Wang, S., Zhou, D., Wang, J., Tang, Z., & Quan, Z. (2017). Long non-coding RNA UCA1 promotes gallbladder
cancer progression by epigenetically repressing p21 and E-cadherin expression. Oncotarget, 8(29), 47957.

Li, L. T., Jiang, G., Chen, Q., & Zheng, J. N. (2015). Ki67 is a promising molecular target in the diagnosis of cancer. Molecular
medicine reports, 11(3), 1566-1572.

Ross, W., & Hall, P. A. (1995). Ki67: from antibody to molecule to understanding?. Clinical molecular pathology, 48(3), M113.
Sobecki, M., Mrouj, K., Camasses, A., Parisis, N., Nicolas, E., LIéres, 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.

Seo SH, Kim KH, Oh SH, Choi Y, Ahn KJ, Lee JY, Lee SM, Park J, Kim WG. Ki-67 labeling index as a prognostic marker in
advanced stomach cancer. Annals of Surgical Treatment and Research. 2019 Jan 1;96(1):27-33.

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
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.

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.

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

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

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 9 | 2022 m




32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Strom, B. L., Maislin, G., West, S. L., Atkinson, B., Herlyn, M., Saul, S., ... & Soloway, R. D. (1990). Serum CEA and CA 19-9:
Potential future diagnostic or screening tests for gallbladder cancer?. International journal of cancer, 45(5), 821-824.

Dowaki, S., Kijima, H., Kashiwagi, H., Ohtani, Y., Tobita, K., Tsukui, M., ... & Makuuchi, H. (2000). CEA immunohistochemical
localization is correlated with growth and metastasis of human gallbladder carcinoma. International journal of oncology, 16(1), 49-
102.

Du, J. H., & Lu, J. (2019). Circulating CEA-dNLR score predicts clinical outcome of metastatic gallbladder cancer patient. Journal
of Clinical Laboratory Analysis, 33(2), e22684.

Sachan, A., Saluja, S. S., Nekarakanti, P. K., Mahajan, B., Nag, H. H., & Mishra, P. K. (2020). Raised CA19-9 and CEA have
prognostic relevance in gallbladder carcinoma. BMC cancer, 20(1), 1-8.

Kim, M., Kim, H., Han, Y., Sohn, H., Kang, J. S., Kwon, W., & Jang, J. Y. (2021). Prognostic value of carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA 19-9) in gallbladder cancer; 65 IU/ml of CA 19-9 is the new cut-off value for prognosis.
Cancers, 13(5), 1089.

Wang, Y. F., Feng, F. L., Zhao, X. H., Ye, Z. X., Zeng, H. P., Li, Z., Jiang, X. Q., & Peng, Z. H. (2014). Combined detection tumor
markers for diagnosis and prognosis of gallbladder cancer. World journal of gastroenterology, 20(14), 4085-4092.
https://doi.org/10.3748/wjg.v20.i14.4085

Chaube, A., Tewari, M., Singh, U., & Shukla, H. S. (2006). CA 125: a potential tumor marker for gallbladder cancer. Journal of
surgical oncology, 93(8), 665-669.

Bind, M. K., Mishra, R. R., Kumar, V., Misra, V., & Singh, P. A. (2021). Serum CA 19-9 and CA 125 as a diagnostic marker in
carcinoma of gallbladder. Indian Journal of Pathology and Microbiology, 64(1), 65.

Rajab, Ibraheem M., et al. "C-reactive protein in gallbladder diseases: diagnostic and therapeutic insights." Biophysics Reports 6.2
(2020): 49-67.

Barahona Ponce C, Scherer D, Brinster R, Boekstegers F, Marcelain K, Garate-Calderén V, Miiller B, De Toro G, Retamales J,
Barajas O, Ahumada M. Gallstones, Body Mass Index, C-Reactive Protein, and Gallbladder Cancer: Mendelian Randomization
Analysis of Chilean and European Genotype Data. Hepatology. 2021 May;73(5):1783-96.

Sagib, R., Pathak, S., Smart, N., Nunes, Q., Rees, J., Finch Jones, M., & Poston, G. (2018). Prognostic significance of pre-operative
inflammatory markers in resected gallbladder cancer: a systematic review. ANZ journal of surgery, 88(6), 554-559.

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.

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.

Westwick JK, Cox AD, Der CJ, et al. Oncogenic Ras activates c-Jun via a separate pathway from the activation of extracellular
signal-regulated kinases. Proc Natl Acad Sci U S A. 1994;91(13):6030-6034. doi:10.1073/pnas.91.13.6030.

Hui, A. M., Li, X., Shi, Y. Z., Takayama, T., Torzilli, G., & Makuuchi, M. (2000). Cyclin D1 overexpression is a critical event in
gallbladder carcinogenesis and independently predicts decreased survival for patients with gallbladder carcinoma. Clinical cancer
research, 6(11), 4272-4277.

Ma HB, Hu HT, Di ZL, et al. Association of cyclin D1, p16 and retinoblastoma protein expressions with prognosis and metastasis
of gallbladder carcinoma. World J Gastroenterol. 2005;11(5):744-747. doi:10.3748/wjg.v11.i5.744

Xuan, Y. H., Choi, Y. L., Shin, Y. K., Kook, M. C., Chae, S. W., Park, S. M., ... & Kim, S. H. (2005). An immunohistochemical
study of the expression of cell-cycle-regulated proteins p53, cyclin D1, RB, p27, Ki67 and MSH2 in gallbladder carcinoma and its
precursor lesions. Histology and histopathology.

Kaufman, Matthew, Bhoomi Mehrotra, Sewanti Limaye, Sherrie White, Alexander Fuchs, Yehuda Lebowicz, Sandy Nissel-
Horowitz, and Adrienne Thomas. "EGFR expression in gallbladder carcinoma in North America." International Journal of Medical
Sciences 5, no. 5 (2008): 285.

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.

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.

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.

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.

Kawamoto, T., Krishnamurthy, S., Tarco, E., Trivedi, S., Wistuba, I.1., 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.

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.

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.

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

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

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 9 | 2022 m



https://doi.org/10.3748/wjg.v20.i14.4085

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

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.

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

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 (S&o Paulo), 27, 126-132.

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.

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.

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.

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.

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.

Kim, H.J., Yoo, T.W., Park, D.l., Park, J.H., Cho, Y.K., Sohn, C.1., 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.

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.

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 9 | 2022 m




