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Abstract. Paraffin embedded tisues from twenty Thai patients with intrahepatic cholangiocarcinomas
were studied for K-ras gene mutations at codon 12, 13 and 61 and for p53 gene mutations in exon 5 to 8 using
polymerase chain reaction and thermal cycle sequencing. Results showed that point mutations at these
regions in K-ras oncogene were not present in all the samples. One case harbored a p53 gene mutation in
codon 282 in exon 8, CGG (arginine) to TGG (tryptophan), but the mutation was not found in other patient’s

tissues with similar histological features.

INTRODUCTION

Cholangiocarcinoma, a bile duct cancer, is one
of the more common cancers in Southeast Asian
countries (Sririsinha, 1994). In Thailand, the high-
estincidence of cholangiocarcinoma has been found
in the northeast where there is also a high occur-
rence of liver fluke, Opisthorchis viverrini, infec-
tion. This correlation between high incidence rate
of cholangiocarcinoma in the northeastern prov-
inces of Thailand and endemicity of liver fluke
infection has led to the suggestion of a causative
association of this cancer in man with liver fluke
infection (Sithithaworn er al, 1994).

Genes involved in cancer include both onco-
genes and tumor suppressor genes (Weinberg, 1994).
Ras genes are members of a family of oncogenes
that is frequently found in cancer cells, with more
than 80% of cancers harboring these mutant genes
(Bos, 1989). The ras family consists of the three
genes, H-ras, K-ras and N-ras which encode highly
similar GTP-binding (G-) proteins (Barbicid, 1979).
Mutation in the K-ras gene at codons 12, 13 or 61
is mostly frequently found in several type of can-
cers (Bos, 1989). p53 is a tumor suppressor gene
also frequently found mutated in a variety ofhuman
cancers (Hollstein ef al, 1991; Greenblatt et al,
1994). In normal cells, wild type p53 protein
functions as a suppressor of cell proliferation and
inhibits malignant transformation (Soussi et al,
1990). In the event of DNA damage, wild type p53
is induced and leads either to cell cycle arrest or
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program cell death (Apoptosis) (Canman et al,
1994).

In this study, we have analysed K-ras oncogene
and p53 tumor suppressor gene using PCR-SSCP
and direct sequencing from twenty Thai patients
with cholangiocarcinoma.

MATERIALS AND METHODS

Tumor specimens

Twenty-three specimens from twenty Thai pa-
tients with cholangiocarcinoma were obtained from
National Cancer Institute, Thailand. Serial sec-
tions of 3 um thickness were made of the formalin-
fixed and paraffin-embedded samples. One such
section was stained with hematoxylin-eosin and
examined microscopically for the histological fea-
tures using criteria previously described (Nakajima
et al, 1988). Anadjacent section of 10 pm was used
for DNA extraction.

DNA extraction

DNA was extracted from the tissue specimens
by proteinase K digestion followed by phenol-
choloform extraction as previously described. Tis-
sue section was incubated in lysis buffer (10mM
Tris-HC1 pHS8.3, 50mM KCIl, 2.5 mM MgCl,,
0.45% v/v Tween-20) containing 0.5 mg/m} pro-
teinase K for 2 hours at 60°C (Tada et al, 1990).
Protein was removed by phenol-chloroform (1:1 v/
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v) solution according to standard protocol. The
aqueous phase containing DNA was stored at 4°C
prior to use.

Detection of K-ras gene mutation

Exon I of K-ras gene position 6381 to 6485
from codon 1 to 39 was amplified using the poly-
merase chain reaction (PCR) with the primers KRS
(5' GACTGAATATAAACTTGTGG 3', sense
strand position 6381 to 6400) and KR3(5' CTATT-
GTTGGATCATATTCG 3', antisense strand, posi-
tion 6485 to 6465). The reaction mixture contained
50-100 ng DNA, 10 mM Tris-HCI pH 8.3, 50 mM
KCl, 0.002% gelatin, 2.5mM MgCl,, 200 uM of
each dNTP, 1 uM of each primer and 2.5 U Taq
DNA polymerase (Perkin-Elmer Co, USA). The
reaction was performed in DNA Thermal cycle 480
(Perkin Elmer Co, USA) for 50 cycles (each cycle
consisting of 95°C for 1 minute 52°C for 1 minute
and 72°C for | minute. K-ras gene exon Ii, position
19459 to 19603, was also amplified using the prim-
ers K5 (5'CCCTTCTGACGATTCCTACA 3', sense
strand, position 19459 to 19478) K3 (5' TACAC-
AAAGAAAGCCCTCCC 3', antisense strand posi-
tion 19603 to 19584), using the same thermal cy-
cling condition as described above. The nucleotide
mutations at codons 12 and 13 in exon 1 and at
codon 61 in exon 2 of K-ras gene were determined
from the PCR products by thermal cycle sequencing
(AmpliCycle™ sequencing kit, Perkin-Elmer Co,
USA) employing KR3' and KRS' as sequencing
primers for exon 1 and 2, respectively.

Identification of p53 gene mutation

The gene mutations in p53, exons 5 to 8, were
identified by PCR-SSCP and thermal sequencing.
For PCR-SSCP, 10 ul reaction volume contained
100 ng DNA, 50 mM KCl, 10 mM Tris-HCl pH 8.3,
1% Triton X-100, 25 uM of each dNTP, 1uCi of
a-*?p dCTP (3,000 Ci/mmol, Amersham, Inc UK),
1 uMofeachprimers and 1 U Tag DNA polymerase.
The sequences of these primers together with
MgCl, concentration are shown in Table 1. PCR
was performed in DNA Thermal Cycler 480 for 30
cycles (each cycle consisting of 95°C for 1 minute,
57°C for 1 minute for exons 5 and 7 and 55°C for 1
minute for exons 6 and 8; and 72°C for 1 minute).
The PCR products were electrophoresed in 6%
polyacrylamide containing 5% glycerol at 400 V
for 7 hours. The migration of DNA strands in the
gel were detected by autoradiography. The nucleo-
tide sequences of p53 gene in exons 5 to 8 from all
patients were determined by AmpliCycle™
sequencing kit with sense or antisense primer as the
sequencing primer. The reactions were performed
by the method described by the manufacturer.

RESULTS

Histology of cholangiocarcinoma

Twenty patients with cholangiocarcinoma con-
sisted of 14 males and 6 females with age ranging
from 34 to 64 years (mean 51 years). Histological
features and percentage of cancerous cells in the
tissues are shown in Table 2. A number of patients

Table 1

PCR primers and MgCl, concentration used for the amplification of p53 genes in exons 5 to 8.

Exon Primer Nucleotide position MgCl,, mM
5 F 5' TTCCTACAGTACTCCCCTGC 3' 13046-13248 57
R 5' AGCTGCTCACCATCGCTATC 3'
6 F 5' CCTCTGATTCCTCACTGATT 3 13292-13445 55
R 5" TTGCAAACCAGACCTCAGGC 3'
7 F 5' GTGTTATCTCCTAGGTTGGC 3' 13986-14116 57
R 5' TCCTGACCTGGAGAGTCTTCCA 3'
8 F 5' CCTGAGTAGTGGTAATCTAC 3' 14443-14598 55

R 5' GCTTGCTTACCTCGCTTAGT 3'

F = sense strand primer
R = antisense strand primer
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exhibited more than one type of histology : in
patient no. 10, a well differentiated tubular ade-
nocarcinoma (WDC) was found in one tissue sam-
ple whereas another tissue sample showed moder-
ately-well differentiated tubular adenocarcinoma
(MWDC), patient no. 13 showed well differenti-
ated papillary adenocarcinoma (WDC(P)) type in
one tissue sample and MWDC type in another
sample; and one tissue sample of patient no. 17
contained well differentiated adenocarcinoma
whereas moderately-well  differentiated
adenocarcinoma was found in another tissue sam-
ple. The percentage of cancerous cells in all tissues
varied from 20 to 100%.

K-ras and p53 gene mutations

The nucleotide sequence of K-ras around

codons 12 and 13 in exon 1 and codon 61 in exon 2
were determined from DNA amplified from all
patients. No gene mutations among these patients
could be detected (data not shown). Mutations in
exon 5 to 8 of p53 gene were screened by PCR-
SSCP. Fig 1 shows the abnormal mobility shift
present in exon 8 of the p53 gene from patient
numbers 7 and 13, respectively. The sequence of
this exon showed a nucleotide change in codon
282, from CGG (arginine) to TGG (tryptophan) in
patient no. 13 (Fig 2) and normal sequence in
patient No. 7 (data not shown). Histological feature
of this patient was well-differentiated papillary
adenocarcinoma (Table 2). However, no mutation
in this region of the gene could be found in other
patients with similar histological features (patients
no.3 and 19).

Table 2

Histological type from 20 Thai patients cholangiocarcinoma.

Patient Age (yr)/ Histological type percent cancerous
no. sex cell in a tissue specimen
1 52/F wDC 30
2 56/F wDC 90
3 61/M WDC(P) 60
4 55/M MDC 90
5 39/M MDC 90
6 52/F MWDC 95
7 45/M wDC 20
8 38/'M MDC 60
9 55/M MDC 95
10 55/M wWDC; MWDC 95
11 53/M MDC 95
12 64/M MDC 90
13 34/M WDC(P); MWDC 90
14 47/M MDC 100
15 55/F MDC 80
16 59/M MDC 50
17 46/F WDC; MWDC 90
18 52/F MDC 100
19 47/'M WDC(P); MWDC 80
20 56/M MWDC 90
MDC = Moderately differentiated tubular adenocarcinoma

wDC = Well differentiated tubular adenocarcinoma

MWDC = Moderate-well differetiated tubular adenocarcinoma
WDC(P) = Well differentiated papillary adenocarcinoma
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Fig 1-PCR-SSCP analysis for p53 gene mutation in exons
5 to 8 of DNA extracted from cancerous tissue of
20 patients with cholangiocarcinoma. PCR-SSCP
analysis was performed as described in Materials
and Methods. The PCR products were diluted 1:10
with stop solution and heated at 95°C for 5 min-
utes. One microlitre aliquoit was loaded onto 6%
polyacrylamide-5% glycerol gel in0.5xTBE buffer
and electrophoresed at 400 V at 25°C for 7 hours,
followed by autoradiography overnight. The ar-
row indicates an abnormal mobility shiftin exon 8.
Lane N = leukocyte DNA from normal individual
Lane M = DNA from sample with known mutation

in exon 5.
Lanes 1-20 = DNA from cancerous tissues of 20
patients,
MT WT
13 N
3" . ACGTACGT

Fig 2-Autoradiogram of nucleotide sequencing gel of
p53 gene at codon 282 from cancerous tissue of
patient no.13. The nucleotide sequence of p53
gene in exon 8 from patients no. 13 and normal
individual (N) were determined using an antisense
primer as a sequencing primer. A base change
from CCG (normal DNA) to CCA (patient) at
codon 282 in the antisense DNA strand.
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DISCUSSION

Cholangiocarcinoma arising from the epithe-
lium of intrahepatic bile duct often develops fol-
lowing exposure with either colloidal thorium di-
oxide (Thorotrast) (Sugihara and Kojiro, 1987),
clonorchiasis (Schwatz, 1980) or opisthorchiasis
(Shirai et al, 1992). However, a high frequency of
K-ras mutation (9 out of 12 cases) and p53 gene
mutations (4 in 12 cases) in cholangiocarcinoma
from Japanese patients whose past history shows no
association with those factors has been reported
(Tada et al, 1992; Kiba et al, 1993).

Animal experiments have shown that liver
fluke induces inflammatory and proliferative
changes in the liver of infected hamster, and
cholangiocarcinoma can only be induced in ham-
sters infected with liver fluke together with nitrite
or dimethylnitrosamine (Thamavitetal, 1978, 1987,
1993). These results correlate with epidemiologi-
cal studies showing a high frequency of cholangio-
carcinoma in Northeast Thailand, an endemic area
of liver fluke, Opisthorchis viverrini, infection
(Sithithaworn et al, 1994) and where the native
foodstuff in these area contain high levels of nitrate
and nitrite (Migasena, 1994).

In this study, mutations of K-ras gene in Thai
cholangiocarcinomas could not be detected in dif-
ferent histological types of samples. This observa-
tion is the same as previous reports in Thai patients
with cholangiocarcinoma (Tsuda et al, 1992; Kiba
etal, 1993).

It has been shown that more than 30% of cases in
Thai and Japanese cholangiocarcinoma harbored
the p53 gene mutation (Kiba et al, 1993). In this
study, this mutation was found only in patient no.
13 whose tissue histology type was well differenti-
ated papillary adenocarcinoma however, two other
patients with the same histology type (no. 3 and 19)
did not carry the p53 gene mutation.

ACKNOWLEDGEMENTS

This work was supported by Mahidol Univer-
sity, Thailand. The authors are grateful to Dr
Prapon Wilairat for his criticism of the paper.

REFERENCES

Barbicid M. Ras genes. Ann Rev Biochem 1987;56:779-
827.

Vol 29 No.1 March 1998



K-ras AND p53 MUTATIONS IN CHOLANGIOCARCINOMA

BosJL. Rasoncogene inhuman cancer: areview. Cancer
Res 1989; 49 : 4682-9.

Canman CE, Chen C-Y, Lee M-H, Kastan MB. DNA
damage response : p53 induction, cell cycle
perturbations, and apoptosis. Cold Spring Harbor
Sym Quant Biol 1994; 59 : 277-86.

Greenblatt MS, Bennett WP, Hollstein M, Harris CC.
Mutations in the p 5 3 tumor suppressor gene: cluesto
cancer epidemiology and molecular pathogenesis.
Cancer Res 1994; 54 : 4855-78.

Hollstein M, Sidransky D, Vogelstein B, Harris CC. p53
mutations in human cancers. Science 1991; 253 :
49-53,

Kiba T, Tsuda H, Pairojkul C, Inoue S, Sugimura T,
Hirohashi S. Mutations of the p53 tumor suppressor
gene and the ras gene family in intrahepatic
cholangiocellular carcinomas in Japan and Thai-
land. Mol Carcinogenesis 1993; 8 : 312-8.

Migasena P. Influence of fermented food on health and
cancer. Proceeding of the 2 Asian Conference on
Food Safety, Bangkok, Thailand, 1994; 234-40.

Nakajima T, Nondo Y, Mayazaki M, Okui K. A
histopathologic study of 102 cases of intrahepatic
chloangiocarcinoma : Histologic classification and
modes of spreading. Human Pathol 1988;19:1228-
34,

Schwatz DA. Helminths in the induction of cancer :
Opisthorchis viverrini, Clonorchis sinensis and
cholangiocarcinoma. Trop Geoge Med 1980; 32 :
95-100.

Shirai T, Pairojkul C, Ogawa K, et al. Histomorphological
characterestics of cholangiocellular carcinoma in
northeast Thailand, where a region infection with
the liver fluke, Opisthorchis viverrini is endermic.
Acta Pathol Japonica 1992; 42 : 734-9.

Sirisinha S. Liver flukes and cancer in Southeast Asia. J
Sci Soc Thailand 1994, 20 : 1-8.

Sithithaworn P, Haswell-Elkins MR, Mairiang P, ef al.
Parasite-associated morbidity : Liver fluke infec-

Vol 29 No.l March 1998

tion and bile duct cancer in northeast Thailand. InJ
Parasitol 1994; 24 : 833-43.

Soussi T, Cardon de Fromentel, May P. Structure aspects
of the p53 protein in relation to gene evoluation.
Oncogene 1990; 5 : 945-52.

Sugihara S, Kojiro M. Pathology of cholangiocarcinoma.
In: Okuda K, Ishak KG, eds. Neoplasms of the liver.
Tokyo: Springer-Verlag Tokyo, 1987 : 143-58.

Tada M, Omata M, Ohto M. Analysis of ras gene muta-
tion in human hepatic malignant tumours by
polymerase chain reaction and diract sequencing.
Cancer Res 1990; 50 : 1122-4.

Tada M, Omata M, Ohto M. High incidence of ras gene
mutation in intrahepatic cholangiocarcinoma. Can-
cer 1992;69:1115-8.

Thamavit W, Bhamarapravati N, Sahaphong S, et al.
Effect of dimethylnitrosamine on induction of
cholangiocarcinoma on Opisthorchis viverrini in-
fected syrian golden hamsters. Cancer Res 1978; 38
: 4634-9.

Thamavit W, Moor MA, Heasa Y, Ito N. Generation of
highyield of syrian hamster cholangiocellular carci-
noma and hepatocellular nodules by combined ni-
trite and aminopyrine administration and
Opisthorchis viverrini infection. Jpn J Cancer Res
1988; 79 : 906-16.

Thamavit W, Pairojkul C, Tiwawech D, ef al. Promotion
of cholangiocarcinogenesis in the hamster liver by
bile duct ligation after dimethylnitrosamine initia-
tion. Carcinogenesis 1993; 14 : 2415-7.

Tsuda H, Satarug S, Bhudhisawasdi V, Kihana T, Sugimura
T, Hirohashi S. Cholangiocarcinoma in Japanese
and Thai patients : Difference in etiology and inci-
dence of point mutation of c-Ki-ras proto-oncogene.
Mol Carcinogenesis 1992; 6 : 266-9.

Weinberg RA. Molecular mechanisms of carcinogebesis.
In: Leder P, ef al, eds. Introduction to molecular
medicine. New York: Scientific American, 1994 :
277-305.

75





