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Abstract
Purpose

Gallbladder cancer (GBC) is most aggressive malignancy having very short survival having heterogeneous incidence, clinical
and molecular pro�le. We evaluated molecular targets and mismatch-repair (MMR) protein expression in North-Indian patients.

Method

111 cases were subjected to high-resolution melt curve, followed by Sanger sequencing for KRAS, BRAF and PIK3CA.
Immunohistochemistry was done for four MMR proteins.

Results

Six (5.4%) cases showed KRAS mutation while no mutation was found in BRAF and PIK3CA. De�cient MMR was seen in 27.6%
of GBC. All KRAS mutant cases were >50 years having higher perineural invasion (67%), lymphnode metastasis (67%) and
stage-III disease (67%). MMR de�cient GBC were signi�cantly associated with well differentiated histology. KRAS mutant GBC
had shorter mean survival than wild patients. MMR de�cient GBC showed longer mean survival than MMR pro�cient cases.
10% of MMR de�cient compared to 4% MMR pro�cient GBC showed KRAS mutation.

Conclusion

KRAS mutation was lower in North Indian patients despite having high GBC incidence making these patients suitable for
targeted therapy. It was associated with poor prognostic factors and lower mean survival. MMR de�ciency was higher and
harbored predominantly well-differentiated histology with higher mean survival. Molecular targets and MMR expression in GBC
may guide towards more appropriate approach in these patients. 

Introduction
Gallbladder cancer (GBC) is the �fth most common gastrointestinal cancer worldwide, which often goes undiagnosed until
presents at advanced stage and is associated with extremely poor prognosis [1, 2]. It is the most aggressive malignancy of
biliary tract with the shortest median survival from the diagnosis [3]. It has predilection for females with variable incidence and
India particularly Northern India, is one of the region with highest incidence [4, 5]. Personalised therapy has become an
interesting approach in oncology because of molecular heterogeneity and its role as predictive as well as prognostic in various
cancers. Search for suitable targets in GBC is also being explored which may help to provide better management and improve
selection of patients for different therapeutic strategies.

The RAS-RAF-MAPK kinase signalling pathway is the most frequently mutated pathway in cancer which is fortunately also the
most common explored pathway for targeted therapy. The major downstream molecules of RAS-RAF-MAPK kinase that are
being explored and are in use for personalized therapy include KRAS, BRAF and PIK3CA. Another important area specially in the
�eld of gastrointestinal and pancreatobiliary malignancy is expression pattern of mismatch repair (MMR) protein or
microsatellite instability (MSI) which in�uences the disease prognosis as well as therapeutic response of chemotherapeutic
drugs [6–8]. In this study we evaluated the molecular targets in RAS-RAF-MAPK pathway namely KRAS, BRAF and PIK3CA and
expression pattern of MMR protein in GBC by high resolution melt (HRM) curve con�rmed by Sanger sequencing and �nd out
any association between the two group of biomarkers.

Material Methods
One hundred eleven consecutive cases of resected GBC received in the Department of Pathology, were included and clinical
and follow-up data were retrieved from the hospital records.
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Hematoxylin and eosin stained slides were reviewed and following features were noted - tumor type, tumor grade, perineural
invasion (PNI), lymphovascular invasion (LVI), necrosis, tumor in�ltrating lymphocytes (TILs), mucinous or signet ring cell
morphology, associated xanthogranulomatous in�ammation, depth of in�ltration, resection margin status, lymphnode and
distant metastasis. DNA was extracted using Qiagen QiaAmp FFPE DNA kit. The mutation testing for KRAS, BRAF and PIK3CA
(exons 9 and 20) were screened by HRM curve analysis in realtime PCR (Quant Studio 6Flex, Applied Biosystems) with
sequence proven controls for point mutation and wild type samples. Positive control for PIK3CA was not available in our case
cohort; however wild type samples were used as negative controls. The samples with abnormal curve patterns were con�rmed
on bi-directional Sanger sequencing. Primer sequences and annealing temperatures for HRM and Sanger sequencing are
shown in Table 1.

Table 1
High resolution melt curve and sequencing primers

Gene HRM-Primers Annealing

Temperature

Sequencing Primers Annealing

Temperature

KRAS-1 FP:5' GCCTGCTGAAAATGACTGAA 3' 60°C FP:5'GGCCTGCTGAAAATGACTGA
3'

60°C

RP:5'AGAATGGTCCTGCACCAGTAA 3' RP:5' GTCCTGCACCAGTAATATGC
3'

BRAF-
15

FP:5'
CTACTGTTTTCCTTTACTTACTACACCTCA
3'

60°C FP:5'
TGCTTGCTCTGATAGGAAAATG 3'

59°C

RP:5' ATCCAGACAACTGTTCAAACTGATG
3'

RP:5'
AGCATCTCAGGGCCAAAAAT 3'

PIK3CA-
9

FP:5' GTCCAAAGCAATTTCTACACGAGA 3' 60°C FP:5'
CATCTGTGAATCCAGAGGGGA 3'

55°C

RP:5' TTCATTTTAGCACTTACCTGTGAC 3' RP:5'
AGCACTTACCTGTGACTCCA 3'

PIK3CA-
20

FP:5' GAGGCTTTGGAGTATTTCAT 3' 60°C FP:5'
CGACAGCATGCCAATCTCTTC 3'

57°C

RP:5' AATCCATTTTTGTTGTCCAG 3' RP:5'
TCTTTTCAGTTCAATGCATGCTG
3'

MMR protein expression was evaluated by immunohistochemistry for MLH1, MSH2, MSH6, and PMS2 proteins. Brie�y the
tissues were depara�nized and antigen retrieval was done in Tris EDTA buffer at pH 8.0. The primary antibodies (ready to use)
from DAKO (MLH-1 – Clone ES05, MSH-2 – Clone FE11, MSH-6 – Clone EP-49, and PMS-2 – Clone EP51) were incubated for 2
hours at room temperature followed by secondary antibody for 30 minutes. Complete absence of nuclear staining were
interpreted as MMR de�cient (loss of MMR protein expression) and any nuclear positive staining was taken as MMR pro�cient
(intact expression). Expression of MMR protein in the normal intestinal epithelium, stromal cells and lymphocytes were taken
as positive internal control. Chi-square test was used to �nd out correlation between categorical variables and survival analysis
was done by Kaplan Meier log rank test using SPSS software version 20.

Result
There were 79 females and 32 males (M: F = 1:2.4) with age range 23–79 years (mean 53.7 years; median 54.5 years). Ninety-
�ve cases (85.6%) were > 40 years of age while 16 patients were ≤ 40 years age. Gallstones were found in 66 (59.5%) patients.

Histopathology
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Conventional adenocarcinoma was the predominant histology seen in 67.6% cases followed by papillary adenocarcinoma in
17%. Majority of the cases were grade I (55%) tumor however, T2 (67.6%) and T3 (23.4%) tumors surpassed T1 (9%) with
overall advanced stage disease (stage III, IV) being present in 54% cases. The histopathological �ndings are mentioned in
Table 2.

Table 2
Histopathological features in gallbladder cancer

Features Number of cases (n = 111)

Histological type Conventional adenocarcinoma 75 (67.6%)

Papillary adenocarcinoma 19 (17.1%)

Signet ring cell adenocarcinoma 8 (7.2%)

Adenosquamous carcinoma 6 (5.4%)

Mucinous adenocarcinoma 3 (2.7%)

Tumor grade Well 61 (55%)

Moderate 10 (9%)

Poor 40 (36%)

Perineural Invasion 49 (44.1%)

Lymphovascular 29 (26.1%)

Necrosis 69 (62.2%)

Xanthogranulomatous change 18 (16.2%)

Lymphnode Metastasis 46 (46%)

Pathological T-stage T1 10 (9%)

T2 75 (67.6%)

T3 26 (23.4%)

TNM Stage Stage I 9 (8.2%)

Stage II 42 (37.8%)

Stage III 52 (46.8%)

Stage IV 8 (7.2%)

Mutation pro�le

HRM screening for KRAS showed mutant curve pattern in 6 cases and variant curve pattern in 5 cases, while 89 cases showed
a wild curve pattern (Table 3). The cases with mutant curve pattern showed C > T nucleotide change at codon 13 in 5 cases
(83%) and G > A at codon 12 in one case (17%). The cases with variant curve pattern con�rmed to have wild sequence on
Sanger sequencing (Fig. 1). HRM screening for BRAF showed wild curve pattern in 103 cases and variant curve pattern in 8
cases. Sanger sequencing con�rmed all variant curve patterns to have wild type BRAF sequence (Fig. 2). HRM screening for
PIK3CA showed wild curve pattern for both the exon 9 and 20 in all except two cases where PIK3CA exon 20 showed a variant
pattern. Sanger sequencing of random 20 cases each for exon 9 and 20 con�rmed wild PIK3CA sequence (Fig. 3a). The two
cases with variant pattern in exon 20 showed synonymous variation at codon 1025 (Fig. 3b).
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Table 3
Molecular pro�le of gallbladder cancer

Gene HRM Sanger Sequencing

Wild Mutant Variants Wild Mutant

KRAS 100 6 5 105 6

BRAF 103 0 8 111 0

PIK3CA exon 9 111 0 0 111 0

PIK3CA exon 20 109 0 2 111 0

MMR protein expression

MMR expression was evaluated by IHC in 105 cases. Rest of the 6 cases did not have su�cient tumor tissue for staining.
De�cient MMR expression was found in 29 (27.6%) cases of which 14 (48%) cases had MLH1 and PMS2 loss followed by
MSH2 and MSH6 loss in 9 (31%) cases. In another 6 (21%) cases individual loss of MHS6 expression was observed (Fig. 4a -
d).

Correlation of KRAS mutation and MMR de�ciency with clinicopathological features

KRAS mutation was largely seen in conventional adenocarcinoma (4/6 cases). All the 6 KRAS mutant cases were > 50 years of
age (p value = 0.02), however no signi�cant differences were found in distribution of KRAS mutation status among different
tumor grades. PNI, LVI and lymphnode metastasis were seen in 67%, 33% and 67% of KRAS mutant cases respectively with no
signi�cant difference. Two-thirds (67%) of KRAS mutant cases were seen in stage III. MMR de�cient cases were signi�cantly
associated with grade I tumors (p value = 0.02), however it did not show any signi�cant association with other
clinicopathological features. Correlation of histopathological features with KRAS mutation and MMR expression are shown in
Tables 4 and 5 respectively.
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Table 4
Clinicopathological characteristics and KRAS mutation in gallbladder cancer

ClinicopathologicalFeatures

(n = 111)

KRAS P-value

Wild (n = 105) Mutant (n = 6)  

Gender Male (n = 32) 31 (29.5%) 1 (16.7%) 0.4

Female (n = 79) 74 (70.5%) 5 (83.3%)

Age ≤ 50 (n = 50) 50 (47.6%) 0 0.02

> 50 (n = 61) 55 (52.4%) 6 (100%)

Gallstone Present (n = 64) 62 (59%) 4 (66.7%) 0.7

Absent (n = 45) 43 (41%) 2 (33.3%)

Tumor grade Well (n = 61 58 (55.2%) 3 (50%) 0.7

Moderate (n = 10) 9 (8.6%) 1 (16.7%)

Poor (n = 40) 38 (36.2%) 2 (33.3%)

Depth of in�ltration (T-stage) T1 stage (n = 10) 9 (8.6%) 1 (16.7%) 0.7

T2 stage (n = 76) 72 (68.6%) 4 (66.7%)

T3 stage (n = 25) 24 (22.8%) 1 (16.7%)

Perineural Invasion (n = 49) 45 (42.8%) 4 (66.7%) 0.2

Lymphovascular Invasion (n = 29) 27 (25.7%) 2 (33.3%) 0.6

Xanthogranulomatous change (n = 18) 18 (17%) 0 0.2

Lymphnode Metastasis (n = 50) 46 (43.8%) 4 (66.7%) 0.2

Tumor stage Stage I (n = 9) 8 (7.6%) 1 (16.7%) 0.5

Stage II (n = 42) 41 (39%) 1 (16.7%)

Stage III (n = 52) 48 (45.8%) 4 (66.7%)

Stage IV (n = 8) 8 (7.6%) 0
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Table 5
MMR protein expression in gallbladder cancer

Clinicopathological features (n = 105) MMR Expression Loss (n = 29) MMR Intact Expression (n = 76) P Value

Age (Year) ≤ 50 15 (51.7%) 32 (42%) 0.3

≥ 50 14(48.3%) 44 (58%)

Gender Male 7 (24%) 22 (29%) 0.6

Female 22 (76%) 54 (71%)

Tumor grade Well 19 (65.6) 38 (50%) 0.02

Mod 5 (17.2%) 5 (6.6%)

Poor 5 (17.2%) 33 (43.4%)

Pathological (T-) Stage T1 Stage 4 (13.8%) 5 (6.6%) 0.4

T2 Stage 18 (62%) 53 (69.7%)

T3 Stage 7 (24%) 18 (23.7%)

TILs   10 (34.55) 25 (32.9%) 0.8

Perineural invasion 11 (38%) 36 (47.4%) 0.3

Lymphovascular invasion 7 (24%) 21 (27.6%) 0.7

Lymphnode metastasis 13 (44.8%) 35 (46%) 0.9

Necrosis   18 (62%) 48 (63%) 0.9

Presence of mucin   4 (13.8%) 25 (32.9%) 0.9

Stage I Stage 3 (10.3%) 5 (6.6%) 0.1

II Stage 9 (31%) 30 (39.5%)

III Stage 17 (58.6%) 33 (43.4%)

IV Stage 0 8 (10.5%)

1. High resolution melt curve and Sanger sequencing con�rmation for KRAS exon 1 showing wild, variant and mutant curve
patterns.

2. High resolution melt curve and Sanger sequencing con�rmation for BRAF exon 15 showing wild and variant curve
patterns.

3. High resolution melt curve and Sanger sequencing con�rmation for PIK3CA exon 9 (a), and PIK3CA exon 20 showing
wild and variant curve patterns.

4. Immunohistochemistry for mismatch repair proteins showing intact expression (a), and loss of expression (b) for MLH1;
intact expression (c), and loss of expression (d) for MSH2.

5. Survival plot showing longer mean survival in KRAS wild GBC.

6. Survival plot showing longer mean survival in mismatch repair de�cient GBC.

Follow-up data was available in 100 cases with a range of 1-117 months. The overall mean and median survival was 18 and
25.9 months respectively. Eleven patients were lost to followup and 21 deaths were reported in 100 cases. KRAS mutant GBC
had a mean survival of 68 months while KRAS wild patients had slightly longer mean survival of 89 months, however this was
not statistically signi�cant (p value = 0.5) (Fig. 5). MMR de�cient cases showed a longer median survival of 26 months (mean
91 months) compared to MMR pro�cient cases with a median survival of 15.5 months (mean 76 months) (p value = 0.03)
(Fig. 6).
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Discussion
Gall bladder is the most aggressive malignancy of gastrointestinal tract with a wide geographical variation as well as
heterogeneity at clinical and molecular level. Despite several developments in understanding the molecular pathogenesis of
GBC, there has been no considerable progress in targeted therapy or personalized approach in GBC management. KRAS
mutation which is one of the predictive marker for anti-EGFR (epidermal growth factor receptor) therapy varies widely in GBC
from 0 to 41% in different studies [9–16]. We found 5.4% KRAS mutation in GBC. In another previous report from our group in
which we studied 49 cases of GBC, KRAS mutation was seen in 2% cases [11]. Javle et al and Pai et al from United States also
reported KRAS mutation frequency in similar range of 5.5% and 7% respectively in GBC. [12, 13]. There had been some reports
from Japan with variable of KRAS mutation frequency by Asai et al, Yokoyama et al and Noguchi et al with 2.8%, 9.0% and
14.3% respectively [14–16]. BRAF, another predictive marker as well as candidate for targeted therapy shows most common
mutation in codon 600 (90% of all BRAF mutations) with substitution of valine to glutamine (V600E) being the most common
mutation (~ 90%) of all codon 600 mutations [17]. In GBC, BRAF mutation varies from 0–33% [18–20]. Yokoyama et al. from
Japan, Goldenberg et al and Pai et al from United States, also did not show any BRAF mutation in GBC [13, 15, 19]. In the
present study as well as a previous report from our group did not show any BRAF mutation in GBC [11]. PIK3CA mutation is
another candidate for targeted therapy which has been reported in lower frequency than KRAS and BRAF in GBC in the range of
0 to 21.5% [14–16, 21]. Some reports from United States have shown PIK3CA mutation between 3.5 to 14% in GBC [9, 22] while
Yokoyama et al. [15] did not �nd any PIK3CA mutation in their study. We also did not �nd any PIK3CA mutation in exons 9 and
20 in this study. Thus, the above �ndings suggest that molecular pro�le of GBC similar to its incidence, varies widely in
different regions of the world. In India, a country with one of the highest GBC incidence, common candidates for targeted
therapy such as KRAS, BRAF and PIK3CA show a very low mutation rate of KRAS mutation rendering these patients to be
suitable for anti-EGFR therapy.

KRAS mutation has been regarded as a poor prognostic marker in different cancers. In GBC there are very few reports on
association of KRAS mutation and clinicopathological features. It has been found to be more frequent in higher grade and
advanced stage tumors. Asai et al showed that all KRAS mutant GBCs were poorly differentiated in his study [14]. In a recent
report, Bagante et al reported that KRAS mutant GBC were more likely to show perineural invasion and positive resection
margins as well as lower 5 year overall survival of 13% [23]. In one of our earlier report of 49 GBC cases, KRAS mutation was
seen in 2% cases having poorly differentiated morphology with pathological stage of T2 [11]. In the present study we found a
signi�cant association of KRAS mutation with age where all 6 cases of KRAS mutant GBC were > 50 years age (p value = 0.02).
Fifty percent of the KRAS mutant GBCs were moderate to poorly differentiated with nearly 67% of them harboring perineural
invasion, lymph node metastasis and being stage III tumors. The KRAS mutant GBC also showed lower mean survival of 68
months than KRAS wild GBC with a mean survival of 89 months. These �ndings suggest that present of KRAS mutation
confers a worse prognosis as well as these patients loose the opportunity of being candidates for targeted therapy.

MMR de�ciency is another important prognostic and predictive biomarker for certain chemotherapy and immune check-point
blockers [24, 25]. Microsatellite instability (MSI) as demonstrated by molecular methods like PCR and fragment length analysis
or de�cient MMR expression demonstrated by IHC has a comparable sensitivity (77–100%) and speci�city (98–100%). The
frequency of microsatellite instable or MMR de�cient GBC ranges between 0 to 42% with IHC and / or molecular methods [26–
31] where Saetta et al 18] did not �nd any MMR de�cient tumor but Yanagisawa et al [29] reported 41% MMR de�cient GBC.
Moy et al reported nearly 8% MMR loss in GBC but did not �nd any signi�cant association between MMR de�cient GBC and
clinicopathological features such as age, grade, stage, mucinous histology and TILs, however they found these patients to be
older with a median age of 71 years having moderate to poorly differentiated histology but with an overall lower tumor stage
28]. Conversely Nagahashi et al reported a frequency of MSI high to be 42% (overall MSI 38%) with 75% of instable tumors
being well differentiated, 19% moderately differentiated and 6% poorly differentiated tumors [30]. Geoppert et al reported 1.4%
instable GBC with lymphnode metastasis, perineural invasion and stage III tumor but a longer overall survival [31]. We found
MMR loss in 27.6% of GBC with 65% of tumors having well differentiated histology but 58% having advanced stage disease
(stage III). Ten percent of MMR de�cient GBC showed KRAS mutation in comparison to 4% MMR pro�cient GBC (p value = 0.2).
The wide variability in MMR de�cient cases in GBC and its inconsistent relation with histological features may be due to
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differences in ethnic, geographical and dietary variations. No signi�cant association has been found between KRAS mutation
and MMR de�cient GBCs. The TILs are regarded as one of the predictors for immune check-point therapy and since MMR
de�cient cancers have a tendency to harbour increased TILs, they are also potential candidates for immunotherapy, however
we did not �nd any signi�cant difference in TILs between MMR de�cient and pro�cient tumors.

Conclusion
In this study we found a lower frequency of KRAS mutation in GBC in our population, however a higher prevalence of MMR
de�ciency was observed. KRAS mutant GBC showed an association with poor histological prognostic factors and lower overall
survival. MMR de�cient GBCs had a tendency for harboring predominantly well differentiated histology and a higher overall
mean survival. The mutation pro�le for common molecular targets and MMR expression in GBC may help to devise more
appropriate approach for managing this aggressive cancer.
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Figures

Figure 1

High resolution melt curve and Sanger sequencing con�rmation for KRAS exon 1 showing wild, variant and mutant curve
patterns.
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Figure 2

High resolution melt curve and Sanger sequencing con�rmation for BRAF exon 15 showing wild and variant curve patterns.
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Figure 3

High resolution melt curve and Sanger sequencing con�rmation for PIK3CA exon 9 (a), and PIK3CA exon 20 showing wild and
variant curve patterns.
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Figure 4

Immunohistochemistry for mismatch repair proteins showing intact expression (a), and loss of expression (b) for MLH1; intact
expression (c), and loss of expression (d) for MSH2.
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Figure 5

Survival plot showing longer mean survival in KRAS wild GBC.
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Figure 6

Survival plot showing longer mean survival in mismatch repair de�cient GBC.


