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Abstract
AIM: To determine the expression of HER2 and brady-
kinin B1 receptors (B1R) in the two pathogenic models 
of gallbladder cancer: the metaplasia-dysplasia-carcino-
ma and the adenoma-carcinoma pathways.

METHODS: Receptor proteins were visualized by im-
munohistochemistry on 5-μm sections of paraffin-em-
bedded tissue. Expression of both receptors was stud-
ied in biopsy samples from 92 patients (6 males and 
86 females; age ranging from 28 to 86 years, mean 56 
years). High HER2 expression in specimens was ad-
ditionally investigated by fluorescence in situ  hybridiza-

tion. Cell proliferation in each sample was assessed by 
using the Ki-67 proliferation marker.

RESULTS: HER2 receptor protein was absent in ad-
enomas and in normal gallbladder epithelium. On the 
contrary, there was intense staining for HER2 on the 
basolateral membrane of epithelial cells of intestinal 
metaplasia (22/24; 91.7%) and carcinoma in situ  (9/10; 
90%), the lesions that displayed a significantly high 
proliferation index. Protein up-regulation of HER2 in 
the epithelium with metaplasia or carcinoma in situ  was 
not accompanied by HER2  gene amplification. A similar 
result was observed in invasive carcinomas (0/12). The 
B1R distribution pattern mirrored that of HER2 except 
that B1R was additionally observed in the adenomas. 
The B1R appeared either as cytoplasmic dots or labeling 
on the apical cell membrane of the cells composing the 
epithelia with intestinal metaplasia (24/24; 100%) and 
carcinoma in situ  (10/10; 100%) and in the epithelial 
cells of adenomas. In contrast, both HER2 (4/12; 33%) 
and B1R (1/12; 8.3%) showed a low expression in inva-
sive gallbladder carcinomas.

CONCLUSION: The up-regulation of HER2 and B1R 
in precursor lesions of gallbladder carcinoma suggests 
cross-talk between these two receptors that may be 
of importance in the modulation of cell proliferation in 
gallbladder carcinogenesis.
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INTRODUCTION
Gallbladder carcinoma is an aggressive cancer of  the gas-
trointestinal tract with incidence three times greater in the 
female population of  Chile, India and Japan when com-
pared to men[1,2]. The most common type of  gallbladder 
cancer is adenocarcinoma. However, early diagnosis is 
difficult because most of  the cases are detected only at an 
advanced stage following laparotomy.

Successive bouts of  inflammation cause continuous 
and long lasting damage to the gallbladder epithelium, 
which thereby transforms into an architecturally abnor-
mal regenerative epithelium very similar to low grade 
dysplasia. Injury and repair are also related to well known 
metaplastic changes of  the mucosa, such as pyloric and 
intestinal metaplasia, and to other rare types of  metapla-
sia[3]. Intestinal metaplasia usually develops into dysplasia 
and is frequently observed adjacent to carcinoma. Pyloric 
and intestinal metaplasias are associated with gallbladder 
carcinoma, but intestinal metaplasia show a greater rela-
tionship with malignancy[4,5]. Analysis of  serial sections 
indicates the presence of  microinvasion foci in the lamina 
propria next to carcinoma in situ and also that dysplasia 
and carcinoma in situ occur close to areas of  intact mucosa 
in nearly all invasive carcinomas[6].

Among the pathogenic models that explain the neo-
plastic transformation of  gallbladder epithelium are the 
metaplasia-dysplasia-carcinoma and the adenoma-carcino-
ma pathways[5]. Morphological and molecular studies have 
shown that these two entities correspond to independent 
biological events. Therefore, we have used representative 
gallbladder samples of  both putative pathways to inves-
tigate the expression of  two receptor molecules involved 
in cell proliferation, namely the HER2 and bradykinin B1 
receptors (B1R). The HER2 (c-erbB-2) receptor is recog-
nized to be of  clinical importance because of  its prog-
nostic value in determining progression of  some types of  
breast tumors. Similarly, B1R has recently been shown to 
induce the proliferation of  estrogen-sensitive breast can-
cer cells by turning on the transactivation of  the epidermal 
growth factor receptor (EGFR), a signal-transduction 
pathway involved also in the activation of  HER2[7]. As 
with breast cancer, expression of  HER2 in gallbladder 
carcinoma has been associated with progression of  ma-
lignancy and linked to poor patient survival[8-11]. Further-
more, constitutive expression of  HER2 in transgenic mice 
causes adenocarcinoma of  the gallbladder[12] suggesting a 
key role for this member of  the EGFR family in such neo-
plasia. Although the expression levels of  HER2 have been 

previously investigated in invasive gallbladder cancer[13], so 
far no studies appear to have examined its expression in 
the putative precursor lesions of  gallbladder carcinoma.

The B1R belongs to the family of  G protein-coupled 
rhodopsin-like receptors which, upon stimulation by ana-
logues that lack the Arg9 from the carboxy terminus of  
the bradykinin molecule, trigger several second messen-
ger signaling systems that control cell differentiation, pro-
liferation and/or migration[14,15]. The kinin B1R agonists 
belong to a family of  bioactive peptides produced locally 
and with paracrine activity, that are formed from precur-
sor molecules by the proteolytic action of  enzymes called 
kallikreins (kininogenases)[14,15]. So far, only a few studies 
have evaluated the role of  B1R as well as the underlying 
molecular mechanisms that trigger its activation in cancer 
cells. Recent reports have suggested that the B1R is an 
important player in lung, prostate and breast cancer by 
regulating tumoral growth, migration and invasion[7,16,17]. 
In addition, some of  the cellular actions of  B1R stimula-
tion are a consequence of  EGFR transactivation[7]. How-
ever, the status of  B1R in other neoplastic disorders such 
as gallbladder carcinoma has not been investigated previ-
ously. Thus, the primary aim of  our study was to perform 
a comprehensive evaluation of  the expression values for 
HER2 and B1R in the metaplasia-dysplasia-carcinoma 
and adenoma-carcinoma pathways.

MATERIALS AND METHODS
Ethics
This study was performed in accordance with the Dec-
laration of  Helsinki of  the World Medical Association. 
The designated experiments were approved by the Ethi-
cal Committees of  Hospital Base Valdivia, Universidad 
Austral de Chile and the National Fund for Development 
of  Science and Technology in Chile (FONDECYT) that 
included guidelines for the protection of  human subjects.

Patient tissue
The study was performed on 92 routinely resected gall-
bladders retrieved from the surgical pathology archive of  
the Servicio de Patologia, Hospital Base Valdivia, Chile. Of  
the 92 specimens, 6 were from males, and 86 were from 
females; the patients ranged in age from 28 to 86 years 
(mean, 56 years). The data on age, sex of  patients bearing 
adenomas, gallbladder adenocarcinomas and their puta-
tive precursor lesions are summarized in Table 1. The 
following categories were recorded: (1) normal mucosa (n 
= 5), gallbladders that were resected due to lithiasis and 
elective surgery; (2) pyloric-type adenoma (n = 15); (3) 
intestinal-type adenoma (n = 6); (4) pyloric metaplasia (n 
= 20); (5) intestinal metaplasia (n = 24); (6) carcinoma in 
situ (n = 10); and (7) invasive carcinoma (n = 12) (Table 1). 
Invasive adenocarcinomas examined histologically were 
classified into well-differentiated with a papillary pattern 
of  growth (8 cases), poorly differentiated (2 cases), mu-
cinous well-differentiated (1 case) and signet ring (1 case) 
adenocarcinomas. 
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Each gallbladder was fixed in 10% buffered forma-
lin and embedded in paraffin according to conventional 
protocols. Sections from each block were stained with 
hematoxylin and eosin for precise histopathological clas-
sification before immunostaining. In all cases, two to four 
blocks were used for immunohistochemical evaluation.

Immunohistochemistry 
This method was performed as previously described by 
Molina et al[7]. Briefly, paraffin sections were incubated 
with primary antibodies overnight at 22 ℃ in a water 
bath that was used as a moist chamber. The primary an-
tibody sources, dilutions, antigen retrieval and incubation 
conditions are listed in Table 2. Bound primary antibod-
ies were localized by the biotin/streptavidin immuno-
peroxidase technique using the LSAB+ kit (Dako, Car-
pinteria, CA, United States). Peroxidase was developed 
with diaminobenzidine and hydrogen peroxide. Sections 
were counterstained with Harris hematoxylin. Negative 
controls included omission of  primary antibody and its 
replacement by non-immune immunoglobulins of  the 
same species or isotype matched immunoglobulins under 
identical conditions.

Immunolabeling was scored as positive (presence of  
staining) or negative (absence of  staining) and then ex-
pressed as percentage of  total number of  normal mucosa, 
metaplasia, carcinoma in situ and invasive carcinoma cases 
examined. Staining was considered positive when over 
30% of  the gallbladder epithelium was immunostained. 
Only cell membrane immunoreactivity was considered 
positive for HER2 staining. Cell proliferation index was 
determined by recording the immunolabeled Ki-67 an-
tigen in gallbladder carcinoma and its putative precursor 
lesions. For this purpose, nuclei were counted at x40 mag-
nification in three different fields selected at random. The 
procedure was repeated twice by two independent observ-
ers for each lesion and the counts were averaged. The 
Ki-67 cell proliferation index was derived by dividing the 
average Ki-67 count by the average total number of  nuclei 
in one field.

Fluorescence in situ hybridization
Fluorescence in situ hybridization (FISH) technique for 

HER2 was performed on 3-μm thick tissue sections ac-
cording to the protocol of  HER2 FISH PharmDx™ Kit 
(Dako). Hybridization was performed with a mixture of  
HER2-Texas Red and cen-17 labeled with fluorescein iso-
thiocyanate. A breast cancer sample classified as HER2 
(+3) was used as positive control. For each condition 
at least two samples were analyzed using a fluorescence 
Nikon Labophot-2, and at least 50 nuclei were visualized 
in each sample.

Statistical analysis
Differences in the occurrence of  immunolabeling were 
evaluated using Fischer’s exact probability test with the 
aid of  the software JMP Statistical Discovery Software 
8.0 (SAS Institute, Cary, NC, United States). Probability 
values less than 0.05 were considered to be statistically 
significant.

RESULTS
Histopathological features
Normal, non-metaplastic epithelium was comprised of  
regular segments of  tall columnar cells with basal nuclei 
and sporadic small apical vacuoles. Pyloric-type adeno-
mas showed their typical morphology that was comprised 
of  tightly packed pyloric or antral-type mucous glands 
similar to mucous glands of  the stomach (Figure 1). 
Intestinal-type adenomas consisted of  papillary struc-
tures lined by columnar epithelium with elongated and 
pseudostratified nuclei (Figure 1). Pyloric-type metaplasia 
was distinguished by glands lined by columnar cells with 
vacuolated cytoplasm and flattened nuclei located basally; 
the glands formed small lobular structures throughout 
the lamina propria. Epithelium with intestinal metaplasia 
was composed of  tall columnar cells with a brush border 
and variable proportions of  goblet cells. This type of  
metaplasia was often seen adjacent to invasive adeno-
carcinoma. Carcinoma in situ was characterized by the 
presence of  epithelial cells that showed frequent mitosis 
and marked alterations in the size and shape of  the nuclei 
such as hypercromasia, overlapping and crowding.

Expression of HER2
No immunolabeled HER2 receptor was visualized in 
normal gallbladder epithelium and no significant expres-
sion of  the protein was visualized in adenomas of  either 
pyloric- or intestinal-type (Table 3; Figures 1 and 2). In 
contrast, an intense immunoreactivity was observed in 
the epithelium with intestinal metaplasia (22/24) and car-
cinoma in situ (9/10), with decreased staining in invasive 
carcinomas (4/12) (Table 3; Figure 2) and none in pyloric 
metaplasia and non-epithelial tissues (not shown). The 
HER2 immunolabeling was confined to the basolateral 
cell membrane region of  all metaplastic epithelial cells, 
whereas the luminal membrane was devoid of  staining 
(Figures 2 and 3). At a higher magnification, the bound-
ary between the two segments was clearly delineated by 
the different immunoreactivity of  the cells in the apical 
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Table 1  Clinical and pathological data of patients with gall-
bladder adenomas, adenocarcinoma and its putative precursor 
lesions

Lesion Sex Age (yr, 
mean ± SD)

Normal mucosa (n = 5) F (5) 54.6 ± 9.0
Pyloric adenoma (n = 15) F (13)/M (2) 55.2 ± 3.5
Intestinal adenoma (n = 6) F (6) 68.5 ± 1.7
Pyloric-type metaplasia (n = 20) F (20) 51.5 ± 3.2
Intestinal metaplasia (n = 24) F (24) 50.0 ± 3.4
Carcinoma in situ (n = 10) F (9)/M (1) 65.8 ± 2.5
Invasive carcinoma (n = 12) F (9)/M (3) 66.0 ± 3.8

According to WHO classification. F: Female; M: Male.
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membrane when compared to those of  the basolateral 
cell membrane (Figure 3). Loss of  polarity in the epithelia 
with carcinoma in situ resulted in a complete membrane 
staining of  some of  the neoplastic epithelial cells. With 
FISH staining, HER2 gene appeared as two red signals 
in normal and metaplastic epithelia and two to four 
signals in carcinoma in situ and invasive carcinoma, ac-
companied by the corresponding green signals pointing 
out the chromosome 17 centromeres (HER2/CEN-17 
< 1.8) that indicated lack of  amplification (Figure 3C-F). 

On the contrary, a clear amplification of  HER2 gene was 
observed in HER2 (+3) breast cancer samples that were 
used as positive controls (Figure 3G).

Expression of bradykinin B1R
The B1R protein also followed a cell membrane distribu-
tion pattern. Immunolabeled B1R was visualized only in 
one case of  the invasive carcinomas (Table 3). In contrast, 
samples with intestinal metaplasia and carcinoma in situ 
showed an intense staining for B1R that appeared as cy-
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Table 2  Primary antibody sources, dilutions, antigen retrieval and incubation conditions

Antibody Source Dilution/incubation Microwave antigen retrieval

HER2 Novocastra, NCL-CBE-356 1:200/overnight No
Bradykinin B1R Santa Cruz, sc-25484 1:300/overnight 90 ℃/7 min, Tris-HCl buffer pH 10

Merck 1:500/overnight No
Ki-67 Dako, A0047 1:200/overnight 90 ℃/15 min, Citrate buffer pH 6

Table 3  Expression of immunoreactive HER2, bradykinin B1 receptor and Ki-67 in gallbladder adenomas and in adenocarcinoma 
and its putative precursor lesions  (%)

Receptor/marker Normal epithelium Pyloric adenoma Intestinal adenoma Intestinal metaplasia Carcinoma in situ Invasive carcinoma

HER2 0/5     0/14          1/6 (17)            22/24 (91.7)a          9/10 (90)a            4/12 (33)
Bradykinin B1R 0/5           10/15 (67)a             6/6 (100)a          24/24 (100)a          10/10 (100)a             1/12 (8.3)
Ki-671 0.05 ± 0.005 (1.1)   0.05 ± 0.01 (5.1) 0.10 ± 0.01 (10.8) 0.36 ± 0.03b (36.7) 0.37 ± 0.05b (37.5) 0.42 ± 0.03b (42)

1Proliferation index estimated as immunoreactivity to Ki-67 antigen. aP < 0.05, bP < 0.01 vs normal epithelium. B1R: B1 receptor.
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Figure 1  Expression of immunoreactive HER2 and bradykinin B1 receptor in pyloric- and intestinal-type adenomas. Tissue sections were incubated with each 
antibody and then the biotin/streptavidin-peroxidase technique was followed. B1R: B1 receptor.
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toplasmic dots or labeling in the apical cell membrane 
region of  metaplastic cells and in the epithelium with car-
cinoma in situ (Figures 2 and 3). Furthermore, B1R immu-
nolabeling was observed in epithelial cells of  pyloric- and 
intestinal-type adenomas, including the surface epithelium 
of  adenomas (Figure 1 and Table 3).

Ki-67 cell proliferation marker
By using Ki-67, we confirmed that the observed cell 
proliferation was significantly higher in epithelia with 
metaplasia, carcinoma in situ and in cells of  invasive gall-
bladder carcinomas than in normal epithelium and in epi-
thelial cells of  both pyloric- and intestinal-type adenomas 
(Table 3).

DISCUSSION
Two pathogenic models designated as adenoma-carcino-
ma and metaplasia-dysplasia-carcinoma have been used 
to explain neoplastic transformation of  the gallbladder 
epithelium. However, intestinal metaplasia is considered 
as the major precursor lesion that later progresses into 
carcinoma in situ and invasive adenocarcinoma. The 
question of  whether expression of  receptors such as 
HER2, a tyrosine kinase orphan receptor, and the B1R, 
a G protein-coupled receptor, are enhanced in such car-
cinogenic changes of  the gallbladder epithelium formed 
the focus of  the current study[7,15,16,18,19].

Remarkably, the expression of  HER2 and bradykinin 
B1R followed a similar pattern of  distribution in invasive 
carcinoma and in its putative precursor lesions. Both re-
ceptors were absent in the normal epithelium but were 
strongly expressed in carcinoma in situ and the epithelia 

with intestinal metaplasia. Absence of  HER2 staining 
in normal gallbladder epithelium is in agreement with 
previous studies performed using normal breast tissue[20]. 
Two previous reports failed to demonstrate expression 
of  HER2 protein in gallbladder dysplasia[13,21]. The dis-
crepancy between these findings and our results may be 
explained by the use of  different immunostaining pro-
cedures (e.g., monoclonal vs polyclonal antibodies and 
sensitivity of  the technique), time of  fixation, preserva-
tion of  antigenic sites and number of  samples analyzed. 
In our study, HER2 receptor protein stained intensely 
along the basolateral plasma membrane of  the meta-
plastic and carcinoma in situ cells. A similar pattern of  
staining has been observed in apocrine metaplasia of  the 
breast where HER2 immunoreactivity appeared restricted 
to the basolateral plasma membrane of  the metaplastic 
cells[22]. It is well known that tight junctions morphologi-
cally divide cell membranes of  non-neoplastic polarized 
epithelial cells into two regions: an apical one which faces 
the lumen and often has specialized features such as cilia 
or a brush border of  microvilli; and a basolateral region, 
which covers the rest of  the cell[23]. Further, tight junc-
tions prevent proteins and lipids from diffusing between 
the basolateral and apical regions, so that not only the 
protein but also the lipid composition of  the two mem-
brane regions is different[23]. Therefore, the HER2 immu-
noreactivity, observed in the basolateral cell membrane 
domain of  metaplastic gallbladder epithelium, is not 
comparable to that scored by the Hercep TestTM staining 
protocol, which is based on the immunoreactivity pres-
ent on the cell membrane of  invasive breast cancer cells 
that are not supported by a basement membrane, i.e., 
neoplastic non-polarized cells. Despite over-expression 
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Figure 2  Immunoreactive HER2 and bradykinin B1 receptor receptors in normal gallbladder, invasive carcinoma and in epithelia with intestinal metaplasia 
and carcinoma in situ. Biotin/streptavidin-peroxidase technique. B1R: B1 receptor; GC: Goblet cell.
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of  HER2 receptor protein in metaplastic epithelia and 
carcinoma in situ, our results using FISH revealed that 
this event was not accompanied by HER2 gene ampli-
fication suggesting that this change may not be relevant 
for gallbladder cancer. Studies using FISH, but restricted 
to invasive carcinomas of  the gallbladder, have shown 
amplification of  the HER2 gene only in approximately 
10% of  the cases investigated[8]. Absence of  HER2 gene 
amplification in our tissue samples with invasive carci-
noma may be due to our low number of  cases compared 
with other published studies[8]. Some authors suggest that 
HER2 over-expression is due to gene deregulation rather 
than gene amplification because in some reports there is 
no strict correlation between receptor protein expression 
and gene amplification[24]. The HER2 receptor seems to 
be a key player since its constitutive expression leads to 
the development of  gallbladder adenocarcinoma in 100% 
of  transgenic mice[12]. Moreover, increased HER2/EGFR 
(erbB-1) heterodimer formation, hyperphosphorylation 

of  tyrosine residues of  both HER2 and EGFR (but 
not erbB-3 or erbB-4) and activation of  the mitogen-
activated protein kinases (MAPK) signaling pathway were 
observed in the gallbladder epithelium of  the transgenic 
mice[12]. Over-expression of  the HER2 receptor protein, 
detected immunohistochemically in nearly all breast 
specimens showing carcinoma in situ of  high grade, has 
been interpreted as an expression of  rapid growth since 
its presence is related to cellular proliferation[25,26]. Our 
results show that the epithelia with intestinal metaplasia 
and carcinoma in situ display the higher values for Ki-67 
cell proliferation marker. The fact that the HER2 gene 
shows amplification only in 10% of  the invasive gall-
bladder carcinomas[8] contrasts with the high levels of  
protein expression observed by us in intestinal metaplasia 
and carcinoma in situ, and suggests that major activity 
of  HER2 may occur in these precursor lesions. Further, 
the expression of  HER2 in other invasive tumors of  the 
gastrointestinal tract such as gastric cancer has revealed 
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Figure 3  High magnification of gallbladder metaplastic epithelium showing immunoreactivity for HER2 (A) and bradykinin B1 receptor receptor (B). Arrows 
show the limit between apical and basolateral cell membrane domains. C-G: Fluorescence in situ hybridization for HER2. Tissue sections were hybridized with a mix-
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that less than 10% of  all invasive tumors showed HER2 
expression and that there is no relationship between its 
expression, patient survival or TNM stage[27].

Members of  the EGFR family are activated not only 
by direct binding of  their corresponding ligands but 
also by transactivation triggered after stimulation of  G 
protein-coupled receptors such as the B1R[15,19]. We have 
recently reported B1R binding sites in breast carcinoma 
and showed that B1R stimulation induces the prolifera-
tion of  MCF-7 and ZR-75 breast cancer cells, an effect 
that depends on the transactivation of  the EGFR and the 
subsequent activation of  the MAPK signaling pathway[7]. 
Moreover, stimulation of  the B1R increases the release 
of  metalloproteases-2 and -9 from breast cancer cells[28]. 
Both metalloproteases are considered key enzymes for 
tumor invasion and metastasis, because they have the 
capacity to degrade type IV collagen, the major protein 
component of  basement membranes. Here, we have de-
scribed, for the first time, the expression of  B1R in pre-
cursor lesions of  gallbladder carcinomas (i.e., intestinal 
metaplasia and carcinoma in situ), conditions in which its 
expression is maximal and associated with high prolifera-
tion rates of  the epithelial cells. 

The kinin B1R agonists are short-lived peptides that 
exert most of  their actions in a paracrine fashion for 
which the presence of  kallikreins, kinin precursors and 
expression of  the appropriate receptor is required[14]. In a 
previous report, we showed that both tissue kallikrein and 
the kinin precursors are present in the human gallbladder 
suggesting that kinin formation is feasible in this tissue[29]. 
Tissue kallikrein (KLK1/hK1, kininogenase) is expressed 
by gallbladder epithelial cells whereas the kininogens, 
substrates of  hK1, diffuse from submucosal blood ves-
sels to fill the interstitial space between epithelial cells[29]. 
A further source of  tissue kallikrein is the neutrophil that 
infiltrates the inflamed gallbladder during acute episodes 
of  cholecystitis and thereby releases hK1 in the vicinity 
of  epithelial cells[29]. Additionally, the natural B1R agonist 
induces migration of  glioma cells via up-regulation of  cy-
clooxygenase-2 expression[30]; whether the B1R produces 
a similar effect in gallbladder cancer cells remains to be 
investigated using gallbladder cancer cell lines.

The identical pattern of  expression observed for B1 
and HER2 receptors in precursor lesions of  gallbladder 
carcinoma suggests a cooperative relationship, orientated 
towards promoting functional cell signaling that may 
result in an increased proliferation of  the gallbladder epi-
thelium.
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COMMENTS
Background
Gallbladder carcinoma is an aggressive malignancy of the gastrointestinal tract, 
and its early diagnosis is difficult, because most of the cases are detected at 
an advanced stage at laparotomy. It is well known that the HER2 receptor is 
involved in the carcinogenesis of many malignancies. Further, recent reports 
show that the bradykinin B1 receptor (B1R) stimulates the proliferation of breast 
cancer cells. It is not known whether HER2 and B1R are overexpressed in pre-
cursor lesions of gallbladder carcinoma and whether they serve as biomarkers 
for early neoplastic transformation of gallbladder epithelium.
Research frontiers
Most studies related to HER2 and gallbladder cancer have been focused on 
advanced stages of the disease, but not in their precursor lesions. So far, there 
have been no investigations on the expression levels of B1R in this neoplasm. 
Because HER2 has a low expression in invasive gallbladder cancer, it has been 
proposed by some authors that it is not relevant to gallbladder carcinoma.
Innovations and breakthroughs
The novel finding of high expression of HER2 and B1R in precursor lesions of 
gallbladder carcinoma suggests that they enhance cell proliferation and play a 
significant role in gallbladder carcinogenesis.
Applications
Because of the high HER2 and B1R expression data in precursor lesions of 
gallbladder carcinoma, and the therapeutic efficacy of anti-HER2 treatments in 
breast tumors, future studies should focus on HER2 and B1R as biomarkers for 
the detection of early neoplastic transformations in the gallbladder epithelium.
Terminology
The HER2 is a tyrosine kinase receptor, member of the epidermal growth factor 
receptor family. Growth factors bind to receptors and initiate cell proliferation, 
migration, invasion, resistance to apoptosis and angiogenesis. B1R belongs to 
the family of G protein-coupled receptors, which upon stimulation by analogues 
trigger cell proliferation and secretion of metalloproteases in cancer cells: prote-
ases that assist cancer cells to invade normal human tissue. The results clearly 
indicate that both HER2 and the B1R play a significant role in transformation of 
epithelial cells through the metaplasia-dysplasia-carcinoma pathway.
Peer review
This article has very well explored the HER2 and B1R in gallbladder carcinoma. 
While HER2 and B1R are scarcely expressed in invasive gallbladder carcino-
ma, their expression is upregulated in precursor lesions of this neoplasm which 
may help in early diagnosis and also provide some pathways of carcinogenesis. 
This study is worthy. 
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