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CHAPTER 6 

Alterations of the p53 Tumor Suppressor Gene and 
K-ras Oncogene in Perihilar Cholangiocarcinomas 
From a High-Incidence Area 

Patrick D.J. Sturm, Inge O. Baas, Marjon J. Clement, Attila Nakeeb, G. Johan A. Offerhaus, 
Ralph H. Hruban, Henry A. Pitt. 

International Journal of Cancer 1998; 78:695-698 

ABSTRACT 
We observed a clustering of cholangiocarcinoma in a part of West Virginia. We analyzed the frequency 
and type of alterations in the p53 tumor suppressor gene and the K-ras oncogene to determine whether 
cholangiocarcinomas from this high-incidence area differ from other cholangiocarcinomas at the 
molecular level. 

Twelve carcinomas of patients from the high-incidence area (West Virginia group) and 15 
carcinomas of patients from nearby states (non-West Virginia group) were studied. Overexpression of 
the p53 gene product, accompanying most mutations in the p53 gene, was determined by 
immunohistochemistry. P53 sequence analysis of exons 5,6,7, and 8 of the p53 immunohistochemical-
positive carcinomas was also performed. K-ras codon 12 mutations were detected by the polymerase 
chain reaction and allele specific oligonucleotide hybridization. 

Significantly more cholangiocarcinomas from the West Virginia group were p53 
immunohistochemical-posttive than from the non-West Virginia group (67% vs. 20%; p<0.05). P53 
mutations did not differ in the 2 groups in respect to site or specific type. No differences were found 
between the 2 groups regarding K-ras mutations (17% vs. 27%). 

Although the higher frequency of p53 immunohistochemical positivity in the West Virginia group 
may reflect a different etiology of these cholangiocarcinomas, explaining the high incidence in this area, 
results of p53 sequence analysis were not different in the West Virginia group. The high incidence may 
be explained by difference in carcinogenic dose or a different etiology not reflected in p53 or K-ras 
alterations. 





P53 and K-ras in cholangiocarcinomas 

Introduction 

Cholangiocarcinomas are rare neoplasms 
which arise from the intra- or extrahe-
patic bile ducts and are mostly adenocar
cinomas [1]. Risk factors include 
choledochol cysts, hepatholithiasis, scle
rosing cholangitis, and inflammatory 
bowel disease, but these risk factors ac
count for only a small percentage of cases 
observed in the United States [2]. Al
though the etiology of this neoplasm is 
largely unclear, observations suggest that 
environmental factors play a role in the 
development of cholangiocarcinomas [1], 
For example, geographical differences 
exist in the incidence of this cancer and 
the increased risk in certain areas ap
pears associated with exogenous factors, 
such as chronic infection with liver flukes 
[3]. 

It has become evident that mo
lecular genetic alterations underlie the 
formation of neoplasms. Genes involved 
in the carcinogenesis of different types of 
human neoplasms are often similar, but 
the frequency, site and type of mutations 
in these genes can vary widely [4]. How
ever, the mutational pattern in a certain 
type of neoplasm is often relatively con
stant. Illustrative for this is the preferen
tial accumulation of genetic alterations in 
the adenoma-carcinoma sequence in the 
colon, and also the typically high preva
lence of K-ras codon 12 mutations in 
pancreatic carcinoma [5,6]. It has also 
been demonstrated that mutagens fre
quently induce specific mutations at spe
cific sites. For example G to T trans-
versions in codon 12 of K-ras have been 
associated with cigarette smoking in ade
nocarcinomas of the lung, and CC to TT 
tandem mutations in the p53 gene are 
specifically induced by ultra-violet light 
and are frequently seen in squamous-cell 
carcinomas of the skin [7,8], These two 
observations, the homogeneity of genetic 
alterations among certain types of tumors 
and the induction of specific mutations 
by exogenous factors, make it possible to 
use genetic alterations in epidemiology 
and in the identification of carcinogens. 

Mutations in the p53 tumor sup
pressor gene and K-ras oncogene are 
well-characterized events in human tu-
morigenesis. Both p53 and K-ras are 
normally active in the regulation of 
growth. P53 has an inhibitory effect and 
K-ras a stimulatory effect. Cells with al
terations in these genes therefore have 
an increased proliferation potential. Mu
tations in the p53 suppressor gene occur 
throughout the gene, most often in exons 
5 to 8, and can lead to the absence of the 
p53 protein but more frequently lead to a 
non-functional protein [9]. Of the muta
tions in K-ras, 90% are point mutations 
in codon 12. These mutations result in a 
protein that is constantly in the activated 
form [10]. 

Alterations in both p53 and K-ras 
have been reported in cholangiocacino-
mas. However, the reported frequencies 
vary from 33 to 58% for p53 and from 8 
to 100% for K-ras [11-18]. The role of 
geographical area and environmental 
factors in inducing these varied rates has 
rarely been studied systematically [18]. 

We observed a clustering of cholan
giocarcinomas in a part of West Virginia 
[19]. The high incidence in this area ap
peared significant when standardized 
mortality ratios and 95% confidence lim
its were determined by comparing the 
local death certificate data with national 
death rates. This clustering provided us 
with the unique opportunity to investi
gate whether there were clues at the mo
lecular genetic level for a different 
etiology of the cholangiocarcinomas from 
patients from this part of West Virginia as 
compared to a series of conventional 
cholangiocacinomas from nearby states. 
We analyzed the cholangiocarcinomas in 
these 2 groups for alterations in the p53 
tumor suppressor gene and codon 12 of 
the K-ras oncogene. Differences would 
suggest that the noted high incidence in 
this part of West Virginia is due to a dif
ferent etiology, possibly related to exoge
nous factors e.g. diet or environment. 
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Materials and Methods 

Study Population 
Cholangiocarcinomas from 12 patients 
from the high-incidence area were avail
able for this study (West Virginia group). 
The patients were diagnosed between 
1983 and 1992. These 12 cholangiocarci
nomas were compared with 15 cholangio
carcinomas from patients residing in 
other regional referral states (non-West 
Virginia group), diagnosed during the 
same period at The Johns Hopkins Hos
pital. AH formalin-fixed paraffin-embed
ded tissue blocks from the above cholan
giocarcinomas were retrieved from the 
archives. Hematoxylin-and-eosin-stained 
skdes were reviewed for histological clas
sification. Clinical data were obtained 
from the medical records. 

P53 Immunohistochemistry 
For the detection of overexpression of the 
p53 gene product 5 u.m tissue sections 
were stained with the monoclonal anti
body D07 (Novocastra, Newcastle upon 
Tyne, UK), using an antigen enhance
ment step with target unmasking fluid. A 
carcinoma was called p53 immuno-
histochemical (IHC)-positive if there was 
unequivocal nuclear staining. Figure 11 
shows an example of a p53 IHC-positive 
cholangiocarcinoma. 

P53 Sequence Analysis 
DNA was extracted from IHC-positive 
areas of carcinoma microdissected from 5 
(im tissue sections. Exons 5, 6, 7, and 8 
were amplified by PCR. The PCR products 
were cloned into a plasmid vector 
(pBluescript SK, phagemid, Stratagene), 
and DNA was isolated from pooled bacte
rial clones with inserts. The DNA se
quence was determined using Sequenase 
version 2.0 (USB, Cleveland, OH) (Figure 
12). 

K-ras Codon 12 Mutations 
Neoplastic tissue was microdissected 
from 2 or 3 5 u.m tissue sections for DNA 
isolation. For the detection of the K-ras 
codon 12 mutations a semi-nested PCR 

TABLE 1 
Patient and tumor characteristics 

West Virginia Non-West Virginia 
group (n=12) group (n=15) 

Age, mean (range), years 63.5 (40-80) 63.9 (43-79) 

Gender (male:female) 6:6 7:8 
Ethnic origin All Caucasian All Caucasian 

Survival, mean (range), 

months 

Overall 13.6 (1-59) 20.4 (7-24) 

With palliative surgery 8(1-17) 15(12-19) 

With curative surgery 21.4(2-59) 24(7-42) 

Palliative surgery 7 6 
Curative surgery 5 9 
Histologic type 

Adenocarcinoma 11 13 
Papillary carcinoma 1 2 

Differentiation 

Well 3 2 
Moderate 5 10 
Poor 4 3 

was used [6]. For the characterization of 
the mutations, the PCR products are 
spot-blotted on nylon membranes and 
hybridized with sequence-specific radio
active-labeled oligonucleotides (allele-
specific oligonucleotide hybridization), 
followed by autoradiography. All analyses 
were done in dupkcate. Controls for 
contamination, amplification, and hy
bridization were included. Figure 13 is an 
example of a dot-blot autoradiogram. 

Statistics 
Comparison of frequency and homogene
ity among groups was done by Fisher's 
exact test, and statistical significance 
level was set conventionally at 5% 12-
sided). 

Results 
The clinical and histopathological char
acteristics of the 2 groups of patients are 
summarized in Table 1. Risk factors, such 
as primary sclerosing cholangitis and 
inflammatory bowel disease, were not 
different in the 2 groups, and were pres
ent in only 1 patient. More patients in the 
West Virginia group underwent palliative 



treatment. When stratified according to 
palliative vs. curative resection, no differ
ences in length of survival were found. All 
tumors were of perihilar origin. Histo-
pathologically, tumors in both groups 
had the same morphology and differen
tiation grade. 

The results of p53 and K-ras analy
sis are shown in Table 2. Out of the 12 
cholangiocarcinomas from patients in the 
West Virginia group 8 (67%) were p53 
IHC-positive as compared with 3 out of 
15 of the cholangiocarcinomas (20%) 
from patients in the non-West Virginia 
group (p<0.05). 

P53 sequence analysis of exons 5 
through 8 confirmed mutations in 5 of 
the 8 IHC-positive carcinomas in the 
West Virginia group (5 of 12), and in 2 of 
the 3 IHC-positive carcinomas in the 
non-West Virginia group (2 of 15) (p = 
0.19) (Table 3). All mutations except 2 
have been described in human cancer 
(http://p53.genome.ad.jp/index.html). 
No specific type or site of mutation was 
observed in any of the groups. 

Of the 12 carcinomas in the West 
Virginia group, 2 (17%) harbored a K-ras 
codon 12 mutation as compared with 4 of 
the 15 carcinomas (27%) in the non-West 
Virginia group. The specific mutations 
found were 1 GGT to CGT (glycine to ar-
ginine) and 1 GGT to GTT (glycine to va
line) in the West Virginia group, and 1 
GGT to AGT (glycine to serine), 1 GGT to 
CGT (glycine to arginine) and 2 GGT to 
GAT (glycine to aspartic acid) in the non-
West Virginia group. 

Discussion 
A clustering of cholangiocarcinomas was 
identified in a part of West Virginia. A 
significantly higher frequency of p53 IHC 
positivity was observed in the cholan
giocarcinomas in this West Virginia 
group, as compared with cholangio
carcinomas from patients not from West 
Virginia (non-West Virginia group). 

Detection of the p53 protein in the 
cell nucleus with immunohistochemistry 
has been shown to be a useful surrogate 

P53 and K-ras in cholangiocarcinomas 

TABLE 2 
p53 IHC and K-ras mutations in the groups of 
carcinomas 

West Virginia Non-West Virginia 
(n=12) (n=15) 

p53 IHC-positive 8 3 
p53 IHC-negative 4 12 
K-ras mutant-positive 2 4 

GGT to AGT - 1 
GGT to CGT 1 1 
GGT to GTT 1 -
GGT to GAT - 2 

K-ras mutant-negative 10 11 

TABLE 3 

Specific p53 mutations in the p53 IHC-positive 

cho lang iocarc inomas 1 

Amino-acid 
Exon Codon Base change change 

West Virginia 

group 

Patient 12 5 145 CTT>TTT Leu>Phe 
Patient 2 5 176 TGC>TTC Cys>Phe 
Patient 33 5 159 GCOGAC Ala>Asp 

5 160 ATG>CTG Met>Leu 
Patient 4 7 239 AAC>GAC Asn>Asp 
Patient 5 8 273 CGT>CAT Arg>His 
Non-West Virginia 

group 

Patient 63 7 248 CGG>TGG Arg>Trp 

8 282 CGG>TGG Arg>Trp 

Patient 7 8 273 CGT>TGT Arg>Cys 

' Three of 8 in the West Virginia group and 1 of 3 in the non-West 
Virginia group were wild-type at codons 5 through 8, and are not 
shown. 
2 CTT is a polymorphism of codon 145 CTG. 
1 Two mutations in one carcinoma. 

for the demonstration of missense p53 
mutations [20]. This finding suggested 
that p53 mutations were more common 
in the cholangiocarcinomas in the West 
Virginia group. However, p53 sequence 
analysis of exons 5, 6, 7, and 8, the pre
ferred site of mutations in the gene, did 
not confirm mutations in all p53 IHC-
positive carcinomas. This discrepancy 
may be explained by mutations in the 
gene (or promotor region) outside the 
analyzed exons or by false positive im
munohistochemistry [21]. Also, there was 
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no specific pattern of p53 mutations in 
the 2 groups in respect to type or site of 
mutation that might be indicative for dif
ferences of etiology. 

The frequency and type of K-ras 
mutations in the 2 groups were similar 
and did not provide a clue as to etiologic 
factors; but since the absolute numbers 
are small this finding should be inter
preted with caution. 

Other studies regarding p53 and K-
ras alterations in cholangiocarcinoma 
have given contrasting results [11-18]. In 
most of these analyses the study groups 
were small, which in addition to differing 
methods of analysis, could explain the 
different outcomes. Different tumor char
acteristics, such as tumor location in the 
biliary tree and differentiation grade, 
could also be responsible for the varia
tions in findings [14,17]. However, geo
graphic and environmental differences 
may account for the various frequencies 
of genetic alterations reported to date in 
cholangiocarcinomas. 

Differences in tumor location, dif
ferentiation grade or stage of disease are 
not plausible explanations for the differ
ence in p53 expression in the 2 groups in 
our study. All tumors were of perihilar 
origin, and, as shown in Table I, there 
were no differences in differentiation 
grade of the tumors in the 2 groups. More 
patients underwent palliative surgery in 
the West Virginia group, but all 4 pa
tients in the West Virginia group with 
p53 IHC-negative carcinomas underwent 
palliative surgery, and all 3 patients in 
the non-West Virginia group with p53 
IHC-positive carcinomas were treated 
with curative resection. Thus, assuming 
that stage of disease determines the 
treatment modality, stage of disease does 
not explain the p53 IHC differences ob
served between the West Virginia group 
and the non-West Virginia group. 

Alternatively, differences in mo
lecular etiology could account for the 
difference observed in the p53 overex-
pression in the 2 groups of carcinomas. 
Interestingly, our findings differ some
what from a study that compared p53 
and K-ras alterations in cholangiocarci
nomas obtained from patients from Thai

land, a high-incidence area explained by 
exposure to a known etiologic factor, i.e. 
liver fluke infection, and conventional 
cholangiocarcinomas [18]. These authors 
also concluded that the molecular 
changes reflected different etiology, but 
that K-ras mutations were of less impor
tance in the development of cholangio
carcinomas associated with the liver 
fluke infection, while no differences were 
found in frequency or type of p53 muta
tions in the 2 groups. 

In conclusion, although the preva
lence of p53 IHC positivity differed, sug
gesting a different etiology of carcino
genesis in the 2 groups, the specific types 
of mutations did not. This appears to in
dicate that the difference in incidence is 
more likely to be difference in carcino
genic dose, rather than occurrence of a 
distinct carcinogen such as dioxin in the 
high-incidence area. These 2 possibilities 
are of course not mutually exclusive, and 
analysis of p53 does not necessarily pro
vide the best answer in this regard; for 
example, it is conceivable that p53 muta
tion is a late genetic event in the carcino
genic cascade and not the primary target 
of the carcinogen. 
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