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Stellingen bij het proefschrift 'K-ras and p53 in cancer of the pancreas and extrahepatic biliary tract'. 
P.D.J. Sturm, Amsterdam, 1999. 

1. DNA-afwijkingen in tumoren van de tractus digestivus kunnen worden gedetecteerd in 
materiaal alkomstig uit het darmlumen. 

2. Intratumor heterogeniciteit bestaat voor verscheidene genetische afwijkingen en 
verklaren discrepantie van bevindingen in primaire tumoren en 'secondary sources' zoals 
cytologie preparaten en metastasen. 

3. De betekenis van hyperplastische gebieden met K-ras codon 12 mutaties in de 
afvoergangen van de pancreas in het ontstaan van kanker van de pancreas is vooralsnog 
onduidelijk. Deze laesies moeten dus worden beschouwd als potentiële bronnen van 
vals-positieve uitslagen van K-ras codon 12 mutatie analyse van borstel-
cytologiepreparaten van de extrahepatische galwegen in de diagnose van kanker van de 
pancreas. 

4. Detectie van een mutatie in codon 12 van het K-ras oncogen in borstel-
cytologiepreparaten van de extrahepatische galwegen moet leiden tot therapeutische 
interventie of aanvullende, meer invasieve diagnostiek. 

5. K-ras codon 12 mutatie analyse van borstel-cytologiepreparaten van de extrahepatische 
galwegen kan leiden tot een vroege diagnose van patiënten met kanker van de pancreas 
en tot een betere prognose van deze patiënten. 

6. P53 immunocytologie van borstel-cytologiepreparaten van de extrahepatische galwegen 
kan gebruikt worden in de diagnose van patiënten met galgangcarcinomen. 

7. Moleculaire diagnostiek van levermetastasen van tumoren van het pancreaskopgebied is 
niet mogelijk met alleen K-ras codon 12 mutatie analyse. 

8. In de toekomst zal moleculaire epidemiologie een belangrijke rol spelen in het 
identificeren van carcinogenen. 

9. 'Osteoclast-like' reusceltumoren zijn ongedifferentieerde carcinomen van epitheliale 
herkomst met infiltrerende monocytaire reuscellen. 

10. Handmatige microdissectie van één enkele cel wordt relatief eenvoudig wanneer het een 
reuscel betreft. 

11. Wie "blind" een (anti-microbiële) therapie start is vaak "doof" voor de diagnostische 
mogelijkheden.' (A.W. Sturm, 1981) 

12. TDen zuivere noot op een contrabas? Dat is toeval.' (Een Amsterdamse dirigent in Het 
Parool, 31 maart 1988) 

13. Het invoeren van een 'sociale-vaardigheidstest' voor studenten geneeskunde leidt 
mogelijk tot afschaffing van de numerus fixus voor deze studierichting. 

14. Almere is verder dan Durban. 
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Introduction 

The distinction between cancer and be
nign diseases of the pancreas and extra-
hepatic biliary tract can be difficult be
cause of similar symptomatology and 
overlapping radiological findings. In cer
tain cases a tissue diagnosis is needed to 
reach a definitive diagnosis. This is im
portant for optimal patient management. 
For this purpose cells from the bile ducts 
can be collected during endoscopic pro
cedures. However, histopathological and 
cytopathological findings are not always 
unequivocal and the sensitivity of con
ventional light microscopic cytology is 
low. Therefore, we assessed the diagnos
tic value of the detection in 
(cyto)pathological specimens of altera
tions in the K-ras oncogene and p53 tu
mor suppressor gene, two common mo
lecular changes in cancer of the pancreas 
and extrahepatic biliary tract. K-ras and 
p53 alterations were also used to address 
questions concerning epidemiology and 
tumor pathogenesis. 

Because cancer of the pancreas and ex
trahepatic biliary tract including cancer 
of the bile duct, gall bladder and ampulla 
of Vater, share many features, they can to 
some extent be looked upon as an entity. 
Both organs develop from the most cau
dal part of the embryonic foregut, which 
suggests a common histogenesis, and the 
spectrum of histologic types of carcino
mas arising from the two distinct duct 
systems is very similar [1]. The majority 
of these cancers are ductal adenocarci
nomas [2-5]. Similarities also exist re
garding molecular genetic alterations [1]. 
Finally, because of the anatomic location, 
patients with tumors of both organs often 
have a comparable clinical presentation 
and the same diagnostic work up, in
cluding cytopathological sampling, is fol
lowed [6-9]. The etiology of these 
carcinomas is largely unclear, although 
some risk factors have been identified 
[10-20]. 

The incidence of these cancers is 
low. The incidence of pancreatic cancer in 
the United States (US) is 6 per 100.000 
every year. Cancer of the extrahepatic 
biliary tract is even more rare, in the US 
the incidence is approximately 1 per 

100.000 every year [21,22]. In contrast, 
these cancers are very lethal. Pancreatic 
cancer is the sixth leading cause of can
cer deaths in The Netherlands following 
cancer of the lung, breast, colon, pros
tate, and stomach [23]. 

Surgery is the therapy of choice and 
the only option for cure. Morbidity and 
mortality of the surgical procedures have 
decreased over time with improved surgi
cal techniques and when performed in 
centers with much experience [24]. Un
fortunately, at the time of diagnosis, car
cinoma of the pancreas and biliary tract 
have often already spread locally or to 
distant sites and thus the resectability 
rate is low [3,25,26]. 

The advanced disease stage at the 
time of diagnosis results in low survival 
rates even after surgical treatment. The 
overall 5-year survival rate is about 10%. 
Depending on the radicality of the resec
tion, surgical treatment can improve 
5-year survival to more than 20% in pa
tients with pancreatic carcinoma and bile 
duct cancer [3,21,26-29]. 

Most patients' initial symptoms are 
non-specific, i.e. weight-loss, abdominal 
pain, anorexia and malaise [30,31]. In 
many cases obstructive jaundice is the 
presenting symptom, but this is also 
caused by benign diseases in the pancre
atic head region [32,33]. 

A clinical suspicion of malignant 
disease of the pancreas or biliary tract is 
often further examined by diagnostic im
aging techniques. With ultra-sonography 
and computed tomography a mass can be 
seen in the pancreas and liver hilus re
gion in many patients with cancer. The 
presence and the level of bile duct steno
sis can be visualized with endoscopic 
retrograde cholangiopancreaticography 
(ERCP) [34,40]. Although specific radio
logical criteria have been described as an 
indication for malignant disease, none of 
the imaging methods can distinguish 
malignant disease from benign disease 
with certainty. 

In certain cases, histopathology or 
cytopathology is necessary for a definitive 
confirmation of malignant disease. With
out an unequivocal diagnosis, a number 
of patients without malignant disease will 
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undergo procedures for malignant dis
ease inappropriately, and vice versa. Es
pecially when a non-surgical treatment is 
chosen, it is important to know the na
ture of the disease to make proper deci
sions. The absence of a certain diagnosis 
is distressing to the patient and pre
cludes adequate predictions on progno
sis. Also, it will result in delayed or 
unnecessary additional diagnostic inter
ventions. 

It is often difficult to obtain tissue 
from the biliary tree. In case of a tumoral 
mass, material can be collected by fine 
needle biopsy or aspiration under CT 
guidance. However, seeding metastases 
have been described following this proce
dure [41]. During the relative 
non-invasive ERCP procedure, duodenal 
fluid, pancreatic juice and brushings 
from the bile ducts can be collected for 
cytological analysis. Unfortunately, al
though the specificity of cytology is virtu
ally 100%, the sensitivity is only 30-40% 
[6,7]. The limited diagnostic yield is 
caused by the low number of malignant 
cells that are collected during the proce
dure, the resemblance of malignant cells 
and reactive changed epithelial cells, and 
the difficulty to distinguish normal ductal 
cells from cells derived from very well 
differentiated adenocarcinomas. 

New promising diagnostic tumor 
markers, detectable in easily obtained 
patient material like biliary cytology 
specimens, may come from genetic can
cer research. These sensitive molecular 
markers may improve the diagnosis of 
malignancy and may lead to early diagno
sis of patients resulting in a better prog
nosis. 

Genetic cancer research has expanded 
enormously over the last decades be
cause of the accumulation of molecular 
techniques, initiated by the invention of 
the polymerase chain reaction (PCR). The 
PCR made it possible to multiply specific 
parts of the DNA genome, making it ac
cessible for investigation. The proceeding 
knowledge of cancer genetics has now 
postulated that abnormalities in several 
classes of genes underlie oncogenesis. 
The clinical application of this knowledge 

for diagnostic, therapeutic, prognostic, 
and epidemiological purposes is currently 
being investigated and researchers are 
looking assiduously for new, genome ab
errations in cancer. 

The frequency and type of genetic 
alterations differ among neoplasms, but 
within a certain type of tumor the fre
quency and type of alterations are rela
tively constant. In some tumors the 
frequency of a particular alteration is very 
high. Such a frequent genetic alteration 
may be an attractive tumor marker that 
may be utilized for diagnostic purposes. 
Ideally, such a tumor marker must be 
detectable with relatively easy, quick and 
inexpensive methods in material easily 
obtainable from the patient, e.g. blood, 
stools, urine. The relatively constant 
mutational pattern within certain types of 
tumors and the finding that carcinogens 
can induce specific genetic alterations 
make these molecular genetic changes 
also an attractive target for epidemiologi
cal studies [42,46]. 

Currently, cancer-causing genes can be 
divided in three broad classes: onco
genes, tumor suppressor genes, and ge
nome maintenance genes. 

Oncogenes encode for proteins that 
are important in controlling cell growth 
and/or differentiation. Alterations in an 
oncogene can lead to an increased activ
ity of its protein and thereby to an in
creased proliferation of the cell with the 
altered gene, rendering a clone of geneti
cally altered cells, i.e. a neoplasm. Among 
the most common genetic alterations in 
human carcinomas are activating point 
mutations in the ras oncogenes [47], 
There are three ras genes encoding for 
almost homologous 21 kD proteins. The 
ras protein is a membrane associated 
GTP-binding protein that plays a key role 
in the mitogenic pathway from 
cell-surface receptors. In all three, the 
activating point mutations are in codons 
12, 13 and 61. The mutations lead to in-
activation of the intrinsic GTP-ase func
tion of the protein, which means that the 
protein remains in the active GTP- bound 
state, thereby promoting cell growth. 

The K-ras oncogene is located on 
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tiie long arm of chromosome 12. K-ras is 
one of the most extensively investigated 
oncogenes and the most frequently mu
tated oncogene in epithelial cancers [48]. 
About 90% of pancreatic carcinomas and 
50% of cancers of the extrahepatic biliary 
tract contain K-ras mutations and virtu
ally all these mutations are in codon 12 
[49-54]. This restriction of the mutations 
to one codon greatly simplifies their de
tection with PCR-based techniques. 

Tumor suppressor genes are also 
involved in the cell-cycle control. In con
trast to oncogenes, which need to be 
(over)activated to get a neoplastic poten
tial, tumor suppressor genes need to be 
inactivated and they are therefore con
sidered recessive. Both alleles need to be 
affected to obtain a relative growth ad
vantage. Often, one allele of the gene is 
inactivated by mutation while the other 
allele is lost by deletion. 

The p53 tumor suppressor gene has 
been extensively investigated in cancer 
genetics over the past years and it is the 
most frequently altered gene known in 
human cancer [55]. The gene is located 
on the short arm of chromosome 17 and 
encodes for a 53 kD phosphoprotein. The 
gene is activated in case of DNA damage. 
The protein has a specific DNA binding 
site and acts as a transcription factor in 
the nucleus for other genes through 
which it performs its tumor suppressive 
function [56]. The p53 protein can pro
mote cell cycle arrest in the Gl phase 
just before DNA replication to allow re
pair of the damaged DNA [57]. It can also 
promote programmed cell death, i.e. 
apoptosis, and is directly involved in DNA 
repair itself [58]. The p53 protein will 
thus prevent DNA aberrations with or 
without neoplastic properties to be an
chored in the genome of cells. 

A point mutation of the gene often 
results in a conformational change of the 
protein. Because of this change it cannot 
bind to DNA and carry out its function. 
Mutations in the p53 tumor suppressor 
gene occur throughout the gene with a 
predilection for exons 5, 6, 7, and 8. This 
makes the detection of p53 mutations an 
energy- and time-consuming, cumber
some process. However, the conforma

tional change of the mutant p53 protein 
product also leads to stabilization of the 
protein and therefore a prolonged half-life 
[59]. For this reason, in contrast to the 
normal wild-type p53 protein with a very 
short half-life, the mutant p53 product 
can be detected with standard immuno
chemical methods and positive p53 im-
munostaining strongly correlates with 
p53 mutations [60]. The frequency of p53 
mutations in cancer of the pancreas and 
extrahepatic biliary tract is between 50% 
and 70% [61-63]. 

The third class of genes are the ge
nome maintenance genes coding for pro
teins which repair small DNA aberrations 
that occur during DNA replication [64-
69]. The absence of this cellular repair 
mechanism leads to an accumulation of 
mutations to other cancer-causing genes. 
Mutations also occur in small non-coding 
DNA regions, the microsatellite repeats, 
which results in changes in their lenght. 
These differences in length can be de
tected as microsattelite instability that is 
thus indicative for inactivated genome 
maintenance genes. These genes also act 
in a recessive manner. Mutations in ge
nome maintenance genes rarely occur in 
carcinoma of the pancreas and the extra
hepatic biliary tree [64]. 

Clinical applications of both alterations in 
the K-ras oncogene and p53 tumor sup
pressor gene are attractive to investigate 
in pancreatic cancer and cancer of the 
extrahepatic biliary tract for the following 
reasons. 1. Both genes are well-
established cancer-causing genes. 2. The 
prevalences of K-ras and p53 alterations 
in these carcinomas are high. 3. The de
tection methods are very sensitive and 
potentially are able to detect small num
bers of malignant cells in the abundance 
of cells without the alteration. 4. Altera
tions in both genes can be detected with 
relatively easy methods. 5. The results 
can be obtained within 48 hours making 
the tests suitable for routine clinical pur
poses. 

11 
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Outline of the thesis 

As described in the introduction, the dis
tinction between malignant and benign 
disease of the pancreas and extrahepatic 
biliary tract may be difficult with conven
tional clinical and pathological diagnos
tics, which will preclude or delay 
appropriate clinical management. In 
chapter 1 through 4 the detection of al
terations in the K-ras oncogene and the 
p53 tumor suppressor gene in biliary 
cytology specimens was evaluated for this 
differential. 

In chapter 1 and 2 the potential 
diagnostic use of detection of K-ras codon 
12 mutations in duodenal fluid and en-
dobiliary brush cytology was determined, 
respectively, in an in vitro setting i.e. 
duodenal fluid and brush cytology was 
collected from postsurgical resection 
specimens. In this way we were able to 
compare the findings in the primary le
sions with the findings in the secondary 
sources. This would give us insight in the 
limitations of the test as a diagnostic tool 
in a clinical setting. To further investigate 
this, we performed a discrepancy analysis 
in chapter 2 to determine the causes of 
inconsistent outcomes in the primary 
lesion and secondary source. In the same 
way the potential diagnostic use of p53 
immunostaining of endobiliary brush 
cytology was determined in chapter 2. 

The actual diagnostic value of K-ras 
and p53 was investigated in chapter 3 
and 4. Both tests were evaluated on pro
spectively collected endobiliary brush 
cytology obtained during ERCP from a 
large series of consecutive patients with 
extrahepatic bile duct stenosis. 

Peroperatively during laparotomy 
and preoperatively during laparoscopic 
staging for tumors of the pancreatic head 
region, lesions on the liver surface are 
frequently seen. Macroscopically and 
microscopically it can be difficult to de
termine the nature of these lesions. In 
chapter 5 we investigated whether the 
K-ras mutational analysis could con
tribute to the distinction between benign 
liver lesions and liver metastases of car
cinomas of the region of the head of the 

pancreas which is of great importance for 
further treatment. Generally, in the pres
ence of liver metastases, the patient is 
excluded from curative resection. 

In chapter 6 cholangiocarcinomas 
of patients from a high-incidence area 
and a random group of 'conventional' 
cholangiocarcinomas were compared re
garding K-ras and p53 alterations. Differ
ences in type or frequency of mutations 
would indicate a different etiology of the 
carcinomas in both groups, and poten
tially point to specific carcinogens in the 
high-incidence area. 

A rare neoplasm that occurs in both 
the pancreas and the biliary tract is the 
osteoclast-like giant cell tumor. There is 
controversy whether the 2 components in 
these tumors, the ductal component and 
the osteoclast-like giant cells, are derived 
from a common precursor cell, from dif
ferent precursor cells or have a distinct 
origin. In chapter 7, the different compo
nents of osteoclast-like giant cell tumors 
were examined separately for the pres
ence of K-ras codon 12 mutations, p53 
alterations, and other immunohisto-
chemical markers to elucidate their con
nection. Insight into tumor pathogenesis 
may have clinical implications. 

The thesis includes a summary in 
English and Dutch. 

References 
1. Longnecker DS, Terhune PG. The case for parallel 
classification of biliary tract and pancreatic neo
plasms. Mod Pathol 1996; 9: 828-37. 
2. Klöppel G, Solcia E, Longnecker DS, et al. His
tological typing of tumours of the exocrine pancreas. 
New York, Springer-Verlag, 1996. 
3. Nagorney DM, Donohue JH, Farnell MB, et al. 
Outcomes after curative resections of cholangiocar-
cinoma. Arch Surg 1993; 128: 871-79. 
4. Piehler JM, Crichlow RW. Primary carcinoma of 
the gallbladder. Surg Gynecol Obstet 1978; 147: 929-
42. 
5. Yamaguchi K, Enjoji M. Carcinoma of the ampulla 
of Vater. A clinicopathological study and pathological 
staging of 109 cases of carcinoma and 5 cases of 
adenoma. Cancer 1987; 59: 506-15. 
6. Ponchon T, Gagnon P, Berger F, et al. Value of 
endobiliary brush cytoilogy and biopsies for the 
diagnosis of malignant bile duct stenosis: results of a 
prospective study. Gastrointest Endosc 1995; 42: 
565-72. 

12 



Introduction 

7. Lee JG, Leung JW, Baillie J, et al. Benign, dys-
plastic, or malignant - making sense of endoscopic 
bile duct brush cytology: results in 149 consecutive 
patients. Am J gastroenterol 1995; 90: 722-26. 
8. Kurzawinsky TR, Deery A, Dooley J S , et al. A 
prospective study of biliary cytology in 100 patients 
with bile duct strictures. Hepatology 1993; 18: 1399-
1403. 
9. Mansfield JC, Griffin SM, Wadehra V, et al. A 
prospective evaluation of cytology from biliary stric
tures. Gut 1997; 40: 671-77. 
10. Ghadirian P, Simard A, Baillargeon J . Tobacco, 
alcohol.and coffee and cancer of the pancreas. Can
cer 1991; 67: 2664-70. 
11. Everhart J, Wright D. Diabetes mellitus as a risk 
factor for pancreatic cancer. JAMA 1995; 273: 1605-
9. 
12. Gold EB, Gordis L, Diener MD, et al. Diet and 
other risk factors for cancer of the pancreas. Cancer 
1985; 55:460-7. 
13. Offerhaus GJA, Tersmette AC, Tersmette KWF, et 
al. Gastric, pancreatic, and colorectal carcinogenesis 
following remote peptic ulcer surgery. Mod Pathol 
1988; 1: 352-6. 
14. Lowenfels AB, Maisonneuve P, Cavallini G, et al. 
The International Pancreatitis Study Group. Pancrea
titis and the risk of pancreatic cancer. N Eng J Med 
1993; 328: 1433-37. 
15. Karllson B, Ekbom A, Josefsson S, et al. The risk 
of pancreatic cancer following pancreatitis: an asso
ciation due to confounding? Gastroenterology 1997; 
113: 587-92. 
16. Haddock G, Carter DC. Aetiology of pancreatic 
cancer. Br J Surg 1990; 77: 1159-66. 
17. Robertson JFR, Raine PAM. Choledochal cyst: a 
33-year review. Br J Surg 1988; 75: 799-801. 
18. Morowitz DA, Galgov S, Dordal E, et al. Carci
noma of the biliary tract complicating chronic ulcera
tive colitis. Cancer 1971; 27: 356-61. 
19. Akwari OE, Van Heerden JA, Foulk WT, et al. 
Cancer of the bile ducts associated with primary 
sclerosing cholangitis. Ann Surg 1975; 181: 303-9. 
20. Hart J, Modan B, Shani M. Cholelithiasis in the 
aetiology of gallbladder neoplasms. Lancet 1971; 1: 
1151-3. 
21. Carriaga MT, Henson DE. Liver, gallbladder, 
extrahepatic bile ducts, and pancreas. Cancer 1995; 
75(1 suppl): 171-90. 
22. Ries LAG, Hankey BF, Miller BA, et al. Cancer 
statistics review 1973-1988. Bethesda (MD): National 
Cancer Institute, 1991. 
23. Incidence of cancer in The Netherlands 1994. 
Utrecht: Netherlands Cancer Registry, 1997. (ISBN-
no. 90-72175-17-4). 
24. Yeo CJ, Cameron JL, Lillemoe KD, et al. Pancre
aticoduodenectomy for cancer of the head of the 
pancreas. Ann Surg 1995; 221: 721-31. 
25. Bramhall SR, Allum WH, Jones AG, et al. Treat
ment and survival in 13560 patients with pancreatic 
cancer, and incidence of the disease, in the West 
Midlands: an epidemiological study. Br J Surg 1995; 
82: 111-15. 
26. Gagner M, Rossi RL. Radical operations for car
cinoma of the gallbladder: Present status in North 
America. World J Surg 1991; 15: 344-47. 
27. Willett CG, Lewandrowski K, Warshaw AL, et al. 

Resection margins in carcinoma of the head of the 
pancreas. Implications for radiation therapy. Ann 
Surg 1993; 217: 144-48. 
28. Guthrie CM, Haddock G, De Beaux AC, et al. 
Changing trends in the management of extrahepatic 
cholangiocarcinoma. Br J Surg 1993; 80: 1434-39. 
29. Tsao JI, Rossi RL, Lowell J . Pylorus-preserving 
pancreaticoduodenectomy. Is it an adequate cancer 
operation? Arch Surg 1994; 129: 405-12. 
30. Nix GAJJ, Schmitz PIM, Van Blankenstein M, et 
al. Carcinoma of the head of the pancreas. Therapeu
tic implications of endoscopic retrograde cholan-
giopancreaticography findings. Gastroenterology 
1984; 87: 37-43. 
31. GuUick HD. Carcinoma of the pancreas. A review 
and critical study of 100 cases. Medicine 1959; 38: 
47-84. 
32. Kaiser MH, Barkin J , Maclntyre JM. Pancreatic 
cancer: assessment of prognosis by clinical presenta
tion. Cancer 1985; 56: 397-402. 
33. Cubilla A, Fitzgerald PJ. Pancreas cancer. Duct 
adenocarcinoma. A pathological study of 380 pa
tients. Pathol Ann 1978; 13: 241-89. 
34. Bernardino ME, Barnes PA. Imaging the pancre
atic neoplasm. Cancer 1982; 50: Suppl U: 2681-88. 
35. Freeny PC. Radiology of the pancreas: two dec
ades of progress in imaging and intervention. AJR 
Am J Roentgenol 1988; 150: 975-81. 
36. Van Dyke JA, Stanley RJ, Berland LL. Pancreatic 
imaging. Ann Intern Med 1985; 102: 212-17. 
37. Tnmlrins RK, Saunders K, Roslyn J J , et al. 
Changing patterns in the diagnosis and management 
of bile duct cancer. Ann Surg 1990; 211: 614-20. 
38. Silk YN, Douglass HO, Nava HR, et al. Carcinoma 
of the gallbladder: The Roswell Park experience. Ann 
Surg 1989; 210: 751-57. 
39. Donohue JH, Nagorney DM, Grant CS, et al. 
Carcinoma of the gallbladder. Arch Surg 1990; 125: 
237-41. 
40. Shemesh E, Czerniak A, Nass S, et al. Role of 
endoscopic retrograde cholangiopancreaticography in 
differentiating pancreatic cancer coexisting with 
chronic pancreatitis. Cancer 1990;65: 893-96. 
41 . Rashleigh-Belcher HJC, Rüssel, RCG, Lees WR. 
Cutaneous seeding of pancreatic carcinoma by fine-
needle aspiration biopsy. Br UJ Radiol 1986; 59: 
182-83. 
42. Harris CC and Hollstein M. Clinical implications 
of the p53 tumor suppressor gene. New 
Engl J Med 1993; 329: 1318-1327. 
43. Cho KR and Vogelstein B. Genetic alterations in 
the adenoma-carcinoma sequence. 
Cancer 1992; 70 Suppl 6: 1727-1731. 
44. Hruban RH, van Mansfeld ADM, Offerhaus GJA, 
et al. K-ras oncogene 
activation in adenocarcinoma of the human pan
creas: A study of 82 carcinomas using a 
combination of mutant-enriched polymerase chain 
reaction analysis and allele-specific 
oligonucleotide hybridization. Am J Pathol 1993; 
143: 545-554. 
45. Brash DE, Rudolph JA, Simon JA, et al. A role 
for sunlight in skin cancer: UV-induced p53 muta
tions in squamous cell carcinoma. Proc. Nat. Acad. 
Sei. 1991; 88: 10124-10128. 
46. Slebos RJC, Hruban RH, Dalesio O, et al. Rela-

13 



Introduction 

tionship between K-ras activation and smoking in 
adenocarcinoma of the human lung. J Natl Cancer 
Ins t l991; 83: 1024-1027. 
47. Hunter T. Oncoprotein networks. Cell 1997; 88: 
333-46. 
48. Bos JL. The ras gene family and human carcino
genesis. Mutation Research 1988; 195: 255-71. 
49. Hruban RH, Van Mansfeld ADM, Offerhaus GJA, 
et al. K-ras oncogene activation in adenocarcinoma 
of the human pancreas. A study of 82 carcinomas 
using a combination of mutant-enriched polymerase 
chain reaction analysis and allele-specific oligonu
cleotide hybridization. Am J Pathol 1993; 143: 545-
54. 
50. Almoguera C, Shibata SD, Forrester K, et al. 
Most human carcxinomas of the exocrine pancreas 
contain mutant c-K-ras genes. Cell 1988; 53: 549-54. 
51. Imai M, Hoshi T, Ogawa K. K-ras codon 12 muta
tions in biliary tract tumors detected by polymerase 
chain reaction denaturing gradient gel electrophore
sis. Cancer 1994; 73: 2727-33. 
52. Motojima K, Tsunoda T, Kanematsu T, et al. 
Distinguishing pancreatic carcinoma from other 
periampullary carcinomas by analysis of mutations 
in the Kirsten-ras oncogene. Ann Surg 1991; 214: 
657-62. 
53. Watanabe M, Asaka M, Tanaka J, et al. Point 
mutation of K-ras gene codon 12 in biliary tract 
tumors. Gastroenterology 1994; 107: 1147-53. 
54. Chung CH, Wilentz RE, Polak MM, et al. Clinical 
significance of K-ras oncogene activation in ampul-
lary neoplasms. J Clin Pathol 1996; 49: 460-64. 
55. Levine AJ. The p53 tumor suppressor gene. New 
Eng J Med 1992; 326: 1350-52. 
56. Kern SE, Kinzler KW, Bruskin A, et al. Identifica
tion of p53 as a sequence specific DNA-binding pro
tein. Science 1991; 252: 1708-11. 
57. Kern SE. p53: Tumor suppression through con
trol of the cell cycle. Gastroenterology 1994; 106: 
1708-1711. 
58. Harris CC. Structure and function of the p53 
tumor suppressor gene: clues for rational cancer 
therapeutic strategies. JNCI 1996;80: 1442-55. 
59. Finlay CA, Hinds PW, Tan TH, et al. Activating 
mutations for transformation by p53 produce a gene 
product that forms a hsc700-p53 complex with an 
altered half-life. Mol Cell Biol 1988; 8: 531-39. 
60. Baas IO, Mulder JWR, Offerhaus GJA, et al. An 
evaluation of six antibodies for immunohistochemis-
try of mutant p53 gene product in archival colorectal 
neoplasms. J Pathol 1994; 172: 5-12. 
61 . Teh M, Wee A, Raju GC. An immunohisto-
chemical study of p53 protein in gallbladder and 
extrahepatic bile duct/ampullary carcinomas. Can
cer 1994;74:1542-45. 
62. Washington K, Gottfried MR. Expression of p53 
in adenocarcinoma of the gallbladder and bile ducts. 
Liver 1996; 16: 99-104. 
63. DiGiuseppe JA, Hruban RH, Goodman SN, et al. 
Overexpression of p53 protein in adenocarcinoma of 
the pancreas. 
64. Goggins M, Offerhaus GJA, Hilgers W, et al. 
Adenocarcinomas of the pancreas with DNA replica
tion errors (RER+) are associated with a characteris
tic histopathology: poor differentiation, a syncitial 
growth pattern, and pushing borders suggest RER+. 

Am J Pathol 1998. (in press) 
65. Parsons R, Li G-M, Longley MJ, et al. Hypermu-
tability and mismatch repair deficiency in RER+ 
tumor cells. Cell 1993; 75: 1227-1236. 
66. Leach FS, Nicotaides NC, Papadopoulos N, et al. 
Mutations of a mutS homolog in hereditary nonpoly-
posis colorectal cancer. Cell 1993; 75: 1215-1227. 
67. Kunkel TA. Slippery DNA and diseases. Nature 
1993; 365: 207-208. 
68. Fishel R, Lescoe MK, Rao MRS, et al. The human 
mutator gene homolog MSH2 and its association 
with hereditary nonpolyposis colon cancer. Cell 
1993; 75: 1027-1038. 
69. Strand M, Prolla TA, Liskay RM, et al. Destabili-
zation of tracts of simple repetitive DNA in yeast by 
mutations affecting DNA mismatch repair. Letters to 
Nature 1993. 

14 



CHAPTER 1 

K-ras Mutations in the Duodenal Fluid of Patients 
with Pancreatic Carcinoma 

Robb E. Wilentz, Christine H. Chung, Patrick D.J. Sturm, Alex Musler, Taylor A. Sohn, 
G. Johan A. Offerhaus, Charles J. Yeo, Ralph H. Hruban, Robbert J.C. Slebos. 

Cancer 1998; 82:96-103 

ABSTRACT 
Many patients with carcinoma of the pancreas die because their disease is not detected until late in its 
course. Methods that detect these cancers earlier will improve patient outcome. Over 80% of pancreatic 
carcinomas contain mutations in codon 12 of the K-ras gene. Screening duodenal fluid for these 
mutations may lead to early detection of these cancers and assist in establishing a diagnosis of 
pancreatic carcinoma. 

Polymerase chain reaction (PCR), with and without restriction enzyme mediated mutant 
enrichment, was performed on DNA isolated from duodenal fluid specimens from 61 patients who 
underwent pancreaticoduodenectomy (Whipple's operation) for either periampullary cancer or a benign 
condition of the pancreas. Representative sections of pancreas pathology (primary carcinoma, benign 
tumor, or chronic pancreatitis) from the patients with duodenal fluid specimens containing amplifiable 
DNA were also analyzed for K-ras mutations. Wild-type and mutant K-ras were detected by hybridization 
of the PCR products with K-ras codon 12 mutant and wild-type specific probes. 

Seven of the 61 duodenal fluid specimens contained DNA that did not amplify. Thirteen (24% of 
the 54 duodenal fluid specimens with amplifiable DNA and 21% of the total of 61 specimens) contained 
activating point mutations at codon 12 of the K-ras gene. Mutations were detected in 13 of the 51 
duodenal fluid specimens from patients with cancer (sensitivity, 25%), whereas mutations were not 
detected in any of the 9 amplifiable duodenal fluid specimens from patients with benign conditions of the 
pancreas (specificity, 100%). One duodenal fluid specimen from a patient with adenocarcinoma of the 
pancreas had two different K-ras mutations. DNA from three of the primary carcinomas did not amplify or 
was not available. Twenty-nine (69%) of the primary tumors with amplifiable DNA contained K-ras 
mutations, whereas 3 (30%) of the 10 pancreata with benign conditions harbored mutations. Twenty-two 
(65%) of 34 ductal adenocarcinomas of the pancreas with amplifiable DNA had K-ras mutations. It is 
noteworthy that the same mutations were present in both the duodenal fluid and the primary carcinomas 
in 11 (92%) of the 12 patients who had primary tumors with amplifiable DNA as well as K-ras mutations in 
their duodenal fluid specimens. 

The identification of genetic alterations in cancer-causing genes in duodenal fluid may form the 
basis for the development of new approaches to the detection of carcinoma of the pancreas. Some 
pancreata without cancer, however, may also harbor K-ras mutations, potentially limiting the specificity 
of K-ras-based tests. 
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Introduction 

Although carcinoma of the pancreas ac
counts for only 2% of new cancer cases 
in the United States, it is the fifth leading 
cause of cancer-related death [1]. By the 
time many patients with the disease are 
diagnosed, the carcinoma has already 
metastasized and is no longer curable. 
Although the 5-year survival for all pa
tients with carcinoma of the pancreas is 
3%, 5-year survival after successful pan
creaticoduodenectomy (Whipple's opera
tion) approaches 20% overall and maybe 
as high as 40% for patients with favor
able prognostic factors, such as lymph 
node negative disease, negative margins, 
and diploid tumor DNA [2-4]. Therefore, 
methods that can detect pancreatic neo
plasms earlier, when they are still re
sectable, may improve patient outcome. 

The identification of molecular ge
netic changes can form the basis of such 
methods. For carcinomas of the pancreas, 
mutations in the K-ras gene, which pro
duces a protein involved in signal trans
duction, are especially well suited for the 
task [5]. First, mutations in the K-ras 
gene are extremely common in pancreatic 
neoplasia. Between 80% and 100% of 
pancreatic carcinomas harbor activating 
point mutations in K-ras [6-10]. This 
suggests that K-ras is a sensitive marker 
for the presence of pancreatic carcinoma. 
Second, most of these mutations are sin
gle amino acid changes restricted to co-
don 12 of the K-ras gene [6-10]. This 
greatly reduces the number of probes 
that need to be employed to detect these 
changes, thus markedly simplifying the 
assays. Third, K-ras mutations are easily 
detectable, even when cells harboring the 
mutations are admixed with much larger 
numbers of normal cells. Mutant cells 
can be detected in specimens in which 
the cancer cells comprise only a small 
percentage of the cells. Indeed, K-ras 
mutations have already been found in 
pancreatic juice, fine-needle aspirations 
of the pancreas, endoscopic retrograde 
cholangio-pancreaticography (ERCP) 
brushings, duodenal fluid, and even in 
the blood and stool of patients with pan

creatic carcinomas [11-20]. Mutations in 
codon 12 of the K-ras gene are, however, 
not limited to invasive cancers. K-ras 
mutations also occur in noninvasive pan
creatic ductal lesions [11,20-30]. 

The purpose of this study was to 
determine whether, in a well controlled, 
routine clinical setting, K-ras mutations 
could be detected in duodenal fluid ob
tained from Whipple's operation speci
mens from a large number of patients, 
and whether K-ras mutations in duode
nal fluid are sensitive, specific markers 
for cancer. In this study, the origins of 
the mutations detected in the duodenal 
fluid specimens were confirmed by ana
lyzing tissue obtained from the resected 
pancreata. This study furthers the devel
opment of relatively noninvasive molecu
lar techniques for detecting periampul
lary cancer by broadening the patient 
base, increasing the diversity of sources 
in which mutations could be detected, 
and correlating the findings in the secon
dary source with those in the primary 
tissue. 

Materials and Methods 

Specimen Collection 
All procedures were approved by The 
Johns Hopkins Medical Institutional Re
view Board. Sixty-one patients who uder-
went pancreaticoduodenectomy (Whip
ple's operation) at The Johns Hopkins 
Hospital for either periampullary cancer 
or a benign condition (chronic pancreati
tis or serous cystadenoma) between July 
6, 1994 and June 6, 1995, were randomly 
selected from among 108 patients with
out regard to diagnosis, age, gender or 
race. The proximal and distal enteric 
margins of the Whipple resection were 
stapled closed by the surgeon, yielding a 
tube ' of gastrointestinal tract that con
tained a duodenal fluid specimen. The 
Whipple resection was transported to the 
surgical pathology laboratory, dissected 
under sterile conditions, and duodenal 
fluid was collected by opening and 
draining the distal end of the gastroin
testinal tract. The duodenal fluid speci-
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men was frozen immediately and as
signed a code independent of patient 
identifiers to assure patient confidentiali
ty. The Whipple resection was then ex
amined macroscopically and submitted 
for routine diagnostic histology [31]. All 
analyses were performed without knowl
edge of the patients' diagnoses. Preop
erative duodenal fluid aspirates from 
ERCP were not available. 

The primary neoplasms and non
neoplastic pancreatic tissue from the 
patients with chronic pancreatitis were 
analyzed by cutting 5 |xm sections from 
formalin-fixed, paraffin-embedded tissue 
blocks and microdissecting areas of in
terest. In the case of chronic pancreatitis, 
sections showing papillary hyperplasia 
with and without atypia were selected. In 
the tumor cases, neoplastic tissue was 
harvested with as little nonneoplastic 
tissue as possible. 

Specimen Preparation and DNA Extraction 
DNA was purified from duodenal fluid 
using a modification of a previously de
scribed protocol [20,32]. One ml of each 
duodenal fluid specimen was thawed and 
brought to final concentrations of 1% 
sodium dodecyl sulfate and 100 |±g/mL 
proteinase K. The specimens were then 
incubated at 56 °C for 16-18 hours, fol
lowed by a phenol-chloroform extraction. 
After the addition of 20 ^g glycogen, 80 
|iL 3M Na-acetate, and 1.6 mL 96% etha
nol, the specimen was cooled to -20 °C for 
16-18 hours and centrifuged at 4 °C for 1 
hour. The pellet was washed with 75% 
ethanol twice and air-dried for at least 1 
hour. After resuspension in 100 )iL TE 
buffer, the solution was stored at 4 °C for 
16-18 hours and then at -20 °C until use. 
Negative control samples (water only) 
were included throughout the series. 
They were subjected to the identical ex
traction and precipitation steps as the 
duodenal fluid specimens and dotted to 
each membrane along with the duodenal 
fluid samples. 

The primary tumors and nonneo
plastic pancreatic tissue were microdis-
sected and placed in 50-200 ^L DNA 
isolation buffer (10 mM Tris-HCl pH = 8, 

0.2% Tween 20, and 100 ng/mL protei
nase K [20,33]. The mixture was incu
bated at 56 °C for 16-18 hours, and the 
proteinase was inactivated at 95 °C for 10 
minutes. The mixture was stored at -20 
°C until use. 

Polymerase chain reaction (PCR) 
was performed on two independently pu
rified sets of DNA for each duodenal fluid 
specimen. 

Detection of K-ras Codon 12 Mutations 
DNA isolated from either the duodenal 
fluid or the primary tissue was screened 
for point mutations according to a modifi
cation of a previously described protocol 
[8,34]. First, DNA from each specimen 
was amplified by PCR for 15 cycles with 
primers A (5' ACT GAA TAT AAA CTT GTC 
GTA GTT GGA CCT 3') and D (5' TCA TGA 
AAA TGG TCA GAG AAA CC 3'). The PCR 
product was then split into two equal 
portions. One of the two portions was 
digested with Mval, an isoschizomer of 
BstNI (Boehringer-Mannheim, Mann
heim, Germany). Then both portions were 
amplified again. This second PCR was 
performed for 35 cycles with primers A 
and B (5' TCA AAG AAT GGT CCT GGA 
CC 3'). Because Mval cleaves wild-type 
but not mutant K-ras, a non-enriched 
sample and a sample enriched for mutant 
K-ras were produced. Finally, each set of 
PCR products was denatured at 95 °C for 
10 minutes, spotted onto 7 different ny
lon membranes (Gene-Screen Plus, NEN 
Research Products, Boston, MA), and 
hybridized to each of the 7 32P-labeled, 
sequence specific oligodeoxynucleotide 
probes [35]. A final stringency wash at 63 
°C and autoradiography were carried out. 
PCR products amplified from plasmid 
clones containing each of the 7 possible 
sequences at codon 12 were used as 
positive controls on the hybridization 
filters. 

Statistical Analysis 
All available clinical and pathologic data 
related to these cases were obtained from 
hospital records. Continuous variables, 
such as age and tumor size, were ana
lyzed with one-way analysis of variance 
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TABLE 1 

Clinical and pathologic data on all patients who underwent pancreaticoduodenectomy (n=61) 

Periampullary Benign 

All patients cancer (n: =51) condition (n=10) p value 

Mean age (years) 64 65 57 0.07 

Gender (% female) 54 55 50 0.78 

Race 0.46 

(% white) 88 90 80 

(% black) 10 8 20 

(% other) 2 2 0 

tests, whereas discrete variables, such as 
gender, race, tumor differentiation, pres
ence of tumor invasion, and presence of 
lymph node metastases, were analyzed 
with chi-square tests. All statistical 
analyses were performed with two-sided 
tests. P values of 0.05 and less were con
sidered statistically significant. 

Results 

PCR, with and without restriction en
zyme-mediated mutant enrichment, was 
performed on DNA isolated from duode
nal fluid obtained from 61 patients who 
underwent pancreaticoduodenectomy 
(Whipple's operation) for periampullary 
cancer (n = 51) or a benign condition of 
the pancreas (n = 10, 9 cases of chronic 
pancreatitis and 1 case of a serous cyst-
adenoma) ( Table 1). There was no signifi
cant gender, age or race difference 
between patients in the two groups. Of 
the 51 patients with periampullary can
cer, 43 had pancreatic adenocarcinomas, 
3 had intraductal papillary mucinous 
neoplasms (one with small foci of invasive 
adenocarcinoma), 2 had mucinous cyst-
adenocarcinomas, 1 had a solid and cys
tic papillary tumor of the pancreas 
(Hamoudi tumor), 1 had a bile duct ade
nocarcinoma, and 1 had an ampullary 
adenocarcinoma. One of the patients with 
pancreatic adenocarcinoma actually had 
two macroscopically distinct adenocarci
nomas, one arising in the neck (4.0 cm) 
and one in the head (3.0 cm) of the pan
creas. 

Seven of the duodenal fluid speci
mens contained DNA that did not amplify. 
Six of these were from patients with 
periampullary cancer, and one was from a 
patient with a benign condition. Thirteen 
(24% of the 54 duodenal fluid specimens 
with amplifiable DNA and 2 1 % of the to
tal 61 specimens) contained activating 
point mutations at codon 12 of the K-ras 
gene. Mutations were detected in 13 of 
the 51 specimens from patients with 
periampullary cancer (sensitivity, 25%), 
whereas mutations were not detected in 
the amplifiable duodenal fluid of any of 
the 9 patients with benign conditions 
(specificity, 100%). 

There are six known activating 
point mutations at codon 12 of the K-ras 
gene. Wild-type GGT (glycine) can be 
changed to TGT (cysteine), AGT (serine), 
CGT (arginine), GTT (valine), GAT (aspar-
tic acid), or GCT (alanine). Five of these 
were found in the duodenal fluids: GTT in 
7 cases, GAT in 4 cases, TGT in 1 case, 
CGT in 1 case, and GCT in 1 case. Four
teen mutations appeared in 13 cases be
cause 1 specimen contained two 
mutations (GTT and GCT). Representative 
hybridizations from the duodenal fluids 
harboring mutations are shown in the 
last two columns in each of the 5 mem
branes in Figure 1. 

The available primary pathology 
(primary carcinoma, serous cystadenoma, 
or chronic pancreatitis) from the patients 
from whom the duodenal fluids were ob
tained was also collected and analyzed. 
Twenty-nine (69%) of the 42 primary tu
mors with amplifiable DNA contained K-
ras mutations. Twenty-two (65%) of the 
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TABLE 2 

Results for duodenal fluids and tumors1 

Diagnosis (no. of cases) Fluid result Tumor result Correlation 

Pancreatic adenocarcinoma (43) WT(26) WT(11) 

Asp (7) 

Arg (5) 

Val (3) 11/26 
Val (4) Val (3) 

WT(1) 3/4 
Asp (2) Asp (2) 2/2 
Arg(1) Arg(1) 1/1 

Ala/Val (1) Val (1) 1/1 
Intraductal papillary mucinous neoplasm (3) Val (2) Val (2) 2/2 

Asp(1) Asp(1) 1/1 
Mucinous cystadenocarcinoma (2) WT(2) Asp (2) 0/2 
Solid and cystic papillary tumor (1) WT(1) Asp(1) 0/1 
Bile duct adenocarcinoma (1) WT(1) WT(1) 1/1 
Ampullary adenocarcinoma (1) Cys(1) Cys(1) 1/1 

Total 23/42 

WT: wild-type; Val; valine mutation; Asp: aspartic acid; Arg: arginine; Cys: cysteine. 
1 This list includes only patients for whom K-ras status in both the fluid and the primary tumor was known. 

TABLE 3 

Correlation between the K-ras status of duodenal 

fluid and primary tissue from patients with cancer1 

Duodenal fluid 

K-ras 

mutant 

K-ras 

wild-type Total 

Cancer K-ras mutant 

Cancer K-ras wild-type 

Total 

11 

1 

12 

18 

12 

30 

29 

13 

42 

1 This table includes only patients for whom K-ras status in both the 
fluid and the primary tumor was known. 

TABLE 4 

Correlation between the K-ras status of duodenal 

fluid and primary tissue from patients with benign 

conditions1  

Duodenal fluid 

K-ras 

mutant 

K-ras 

wild-type Total 

Tissue K-ras mutant 

Tissue K-ras wild-type 

Total 

' This table includes only patients for whom K-ras status in both the 
fluid and the primary tissue was known. 

34 ductal adenocarcinomas of the pan
creas with amplifiable DNA harbored K-
ras mutations. Multiple sections of pan
creas showing papillary hyperplasia with 
and without atypia were analyzed from 
the 10 pancreata with benign processes, 
and 4 (15%) of these 27 sections con
tained K-ras mutations. These 4 sections 
came from 3 of the patients; therefore, 3 
(30%) of the 10 pancreata without cancer 
harbored mutant K-ras. As discussed 
later, these K-ras mutations originated in 
the pancreatic ductal lesions. 

Mutations were detected in the 
primary tumors of the patients with duo
denal fluid containing K-ras mutations. 
One of the primary tumors from this 
group of 13 patients was not available for 
study. In 11 (92%) of the twelve remain
ing cases, the same mutation was found 
in the primary carcinoma and in the duo
denal fluid specimen. In the single dis
cordant case, the duodenal fluid 
registered a GTT mutation, whereas the 
tumor itself was wild-type. The specimen 
containing two mutations (GTT and GCT) 

. in the duodenal fluid showed only one 
mutation, GTT, in the primary tumor. 
Twelve (40%) of the 30 patients with can
cer and wild-type K-ras duodenal fluids 
also had wild-type K-ras primary tumors. 
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Therefore, the overall correlation among 
cancer patients between fluid and tumor 
results was 23 (55%) of 42. Representa
tive results for primary tumors are shown 
in the first two columns of each mem
brane in Figure 1. The third and fourth 
columns in Figure 1 contain duodenal 
fluid samples from these same cases. The 
results of analyses of the duodenal fluid 
and primary tissue for K-ras mutations 
are summarized in Tables 2, 3 and 4. 

The clinical and pathologic data 
from patients with cancer were reviewed 
to see if they could account for our ability 
to detect K-ras mutations in the duode
nal fluid specimens. None of the vari
ables, including mean age, gender, race, 
mean tumor size, tumor differentiation, 
tumor extension, or lymph node metasta
ses, differed significantly between the 
mutant and wild-type fluid groups. It is 
noteworthy that all three intraductal 
papillary mucinous neoplasms produced 
fluids in which mutations were detected. 
A mutation was also identified in the 
fluid of the patient with the ampullary 
adenocarcinoma. However, mutations 
were not detected in the duodenal fluid 
specimens obtained from the patients 
with the solid and cystic papillary tumor, 
the two mucinous cystadenocarcinomas, 
and the bile duct adenocarcinoma. 

Discussion 

Point mutations in K-ras can be detected 
in the duodenal fluid of patients with 
periampullary cancer. The identification 
of mutations is far more specific (100%) 
than it is sensitive (25%). In this study, 
all of the specimens that produced K-ras 
mutations were from patients with peri
ampullary cancers (positive predictive 
value = 100%). However, a duodenal fluid 
specimen yielding a wild-type genotype is 
of little value: 32 of 41 patients with wild-
type duodenal fluids also had a cancer in 
the pancreas (negative predictive value = 
22%). 

Detection of mutations in codon 12 
of K-ras in duodenal fluid is as specific 
as, but less sensitive than, detection of 

mutant K-ras in other secondary sources. 
K-ras mutations have been detected in 
pure pancreatic juice with reported sen
sitivities ranging from 55% to 100% and 
specificities ranging from 94% to 100% 
[11-15]. Similarly, K-ras mutations have 
been sought in stool specimens obtained 
from 17 patients with pancreatic adeno
carcinoma, cholangiocarcinoma, or 
chronic pancreatitis (sensitivity = 57%, 
specificity = 67%) [20]. K-ras codon 12 
mutations have also been reported in the 
blood of 2 of 6 patients with adenocarci
noma of the pancreas but not in the 
blood of 2 patients with insulinomas 
(sensitivity = 33%, specificity = 100%) 
[11]. Although analysis of pure pancreatic 
juice has generally been more sensitive 
than that of other sources, duodenal 
fluid, stool, and blood are less invasively 
obtained, making them more applicable 
as future screening tools (collecting duo
denal fluid is less invasive than collecting 
pancreatic juice because the former uses 
the "secretin test", which is technically 
easier and less painful than obtaining 
pancreatic juice [16]. 

Iguchi et al. previously studied K-
ras mutations in duodenal fluid using 
single-strand conformation polymor
phism analysis on material obtained from 
19 patients with cancer and 41 with be
nign conditions [16]. Our study built on 
this study in three ways. First, we added 
findings regarding more cancer patients 
with a variety of cancer types. Second, we 
used a method of mutation detection that 
is easier to apply clinically than is single-
strand conformation polymorphism 
analysis (the latter technique requires 
confirmation with laboratory-intensive 
direct sequencing). Third, because we 
analyzed duodenal fluid from Whipple's 
operation specimens, we were able to 
correlate the presence and type of K-ras 
mutations in the duodenal fluid with 
those in the primary tissue in nearly all 
the cases. Importantly, Iguchi et al. 
showed that the detection of K-ras muta
tions is possible in clinically obtained 
specimens (in their case, duodenal fluid 
collected during intravenous infusion of 
secretin). Thus, our results obtained in 
the controlled environment of analyzing 
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resected surgical specimens are indeed 
clinically applicable. 

Of the 42 primary tumors analyzed, 
29 (69%) contained K-ras mutations at 
codon 12. Twenty-two (65%) of 34 duct 
adenocarcinomas of the pancreas with 
amplifiable DNA showed K-ras mutations. 
These percentages were slightly lower 
than those obtained by other groups for 
periampullary cancers [6-10]. It is un
likely, however, that other techniques, 
such as standard sequencing, would have 
detected more mutations, as we have 
found our techniques to be as sensitive 
as sequencing in tumors we have ana
lyzed [36]. 

Nonetheless, we were able to dem
onstrate the same mutation in the pri
mary tumor and the duodenal fluid in 11 
(92%) of 12 available cases in which 
mutant K-ras was detected in the duode
nal fluid specimen. The duodenal fluid in 
the one discrepant case harbored a GTT 
mutation, but the patient's tumor speci
men was wild-type. The histology of this 
lesion was reviewed, and a less differenti
ated second tumor morphology and ex
tensive papillary duct hyperplasia with 
and without atypia were found. These 
additional lesions may account for the 
fluid-tumor mismatch, because any of the 
pancreatic lesions, including the duct 
hyperplasias, could theoretically shed 
cells into duodenal fluid, whereas the 
tumor microdissection procedure sam
ples only one lesion. The same reasoning 
may account for the finding of two muta
tions (GTT and GCT) in the duodenal 
fluid of a patient whose primary tumor 
harbored only one mutation (GTT). Simi
lar conclusions have been reached by 
others for pure pancreatic juice, stool, 
and tumor specimens in which mis
matches or "bimutational patterns" re
sulted from either multifocality of the 
cancer or the presence of independent 
ductal lesions [11,20,37], 

In contrast, when multiple sections 
of pancreas from the 10 patients with 
benign conditions were analyzed, 3 (30% ) 
of these pancreata harbored mutations, 
whereas none of these patients' duodenal 
fluid specimens contained mutations. 
The representative tissue microdissected 

from these blocks contained papillary 
hyperplasia with and without atypia. It is 
possible that mutations were not de
tected in the duodenal fluids because too 
few cells containing mutations were shed 
from the ductal lesions into the fluid, 
nonetheless the identification of muta
tions in noninvasive pancreatic ductal 
lesions demonstrates that mutations in 
K-ras are not restricted to invasive can
cers. 

Noninvasive pancreatic ductal le
sions are generally felt to be the precur
sors of adenocarcinoma of the pancreas, 
and these lesions may account for fluid-
tumor discrepancies [11,20-30,38]. Al
though the prevalence of K-ras mutations 
in ductal hyperplasias has been debated, 
Caldas et al. showed that the K-ras mu
tations detected in the stool of 5 patients 
with adenocarcinoma of the pancreas, 
cholangiocarcinoma, or chronic pancrea
titis originated in ductal hyperplasias 
[20,23,24,28-30]. 

Therefore, one may argue that al
though the detection of a K-ras mutation 
is not specific for an invasive cancer, it 
would at least signal the presence of 
ductal hyperplasia and require further 
evaluation of the patient. However, the 
frequency with which duct hyperplasia 
progresses to infiltrating carcinoma has 
not yet been established [30]. Of interest, 
Berthelemy et al. have recently reported 
two patients who had K-ras mutations 
detected in their pancreatic juice who 
developed pancreas cancer months later 
[39]. 

Detection of point mutations at co
don 12 of K-ras in duodenal fluid did not 
have statistically significant dependence 
on any of the variables examined in this 
study, including mean age, gender, race, 
mean tumor size, tumor differentiation, 
tumor extension, or lymph node metasta
ses. Of the 13 patients in which K-ras 
mutations could be detected in duodenal 
fluid, 9 had pancreatic adenocarcinomas, 
3 had intraductal papillary neoplasms 
(analogous to adenoma in the adenoma-
to-carcinoma paradigm of colorectal car
cinoma [24,40,41]), and 1 had an ampul-
lary adenocarcinoma. All three of the 
intraductal papillary neoplasms were 
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detectable by K-ras analysis of duodenal 
fluid. In contrast, neither the solid and 
cystic papillary neoplasm nor the two 
mucinous cyst adenocarcinomas were 
detected by mutations in duodenal fluid. 
This finding is reasonable because these 
two neoplasms do not typically communi
cate with the pancreatic duct system. 
Only 10 of 45 pancreatic, ampullary, or 
bile duct carcinomas contained K-ras 
mutations in their duodenal fluids. 

One limitation of the current study 
that should be acknowledged is that only 
patients with operable pancreatic carci
nomas were included, yet most patients 
with pancreatic carcinoma are not candi
dates for surgical treatment. Also, be
cause Whipple's operation specimens 
undergo extensive surgical manipulation 
and ischemic periods and because duo
denal fluid contains bile acids, DNA deg
radation may have occurred. This may 
explain the absence of PCR amplification 
in some samples and may have biased 
the results in general. 

In conclusion, mutations at codon 
12 of K-ras are the most common mo
lecular alterations in periampullary can
cer. The detection of K-ras mutations in 
duodenal fluid and other secondary 
sources may form the basis for the devel
opment of new approaches to detect 
periampullary cancer earlier and less 
invasively and differentiate it from benign 
conditions of the pancreas. 
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CHAPTER 2 

The Potential Diagnostic Use of K-ras Codon 12 
and p53 Alterations in Brush Cytology from the 
Pancreatic Head Region 
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Derk J. Gouma, G Johan A. Offerhaus. 
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ABSTRACT 
It can be difficult to distinguish between malignant and benign disease of the region of the head of the 
pancreas using conventional methods. K-ras and p53 alterations occur frequently in malignancies in this 
region and are therefore candidate tumor markers. To define the utility of these alterations in interpreting 
pancreatic head cytology, the present study investigated first, to what extent alterations in the 
carcinomas were detectable in the cytology, and secondly, whether the alterations found in the cytology 
came from the carcinomas. 

Fifty-seven consecutive pancreaticoduodenectomy resection specimens (52 with a malignancy 
and 5 without) and the ductal brush cytology specimens collected post-operatively from these resection 
specimens were compared for the presence of K-ras and p53 alterations. K-ras mutations were detected 
using the polymerase chain reaction and allele-specific oligonucleotide hybridization, p53 alterations 
using immunochemical staining for the p53 gene product. 

After discrepancy analysis the results from the resection specimens and corresponding brush 
cytology specimens were identical in 88% for the K-ras analysis, and 84% for the p53 analysis. In 2 cases 
K-ras mutations found in the brush cytology specimens were not derived from the carcinoma but from 
pancreatic ductal hyperplasias. Intratumor heterogeneity and sampling error were also identified as 
causes for discrepant results. The 5 resection specimens without a malignancy and the corresponding 
brush cytology specimens were negative for both genetic alterations. 

In conclusion, the detection of K-ras and p53 alterations in cells obtained from the pancreatic 
head region might be a valuable adjunct to conventional cytology for the diagnosis of malignancies in 
the pancreatic head region. However, intratumor heterogeneity, mucinous pancreatic duct hyperplasia 
harboring K-ras mutations and sampling error will hinder their diagnostic accuracy in routine clinical 
use. 





K-ras and p53 in endobiliary brush cytology 

Introduction 

Both benign and malignant diseases of 
the region of the head of the pancreas 
may give rise to a similar symptomatology 
and it can be difficult to distinguish be
tween them on clinical grounds, includ
ing diagnostic imaging techniques [1-3]. 
A firm diagnosis can be established with 
cytology collected from the pancreatic 
head region. Although the specificity of 
conventional cytology is high, the sensi
tivity is low [3,4]. This is primarily be
cause it is difficult to distinguish 
malignant cells from reactive epithelial 
cells, but also because often only small 
numbers of cells are collected. More sen
sitive methodologies that could be ap
plied to these cytology specimens would 
therefore be of use. 

The high prevalence of K-ras onco
gene and p53 tumor suppressor gene 
alterations in malignancies in the pan
creatic head region, and the relative sim
ple techniques by which they can be 
detected, make them attractive candidate 
tumor markers for the diagnosis of these 
malignancies [5-12]. Previous studies 
have shown K-ras and p53 alterations in 
material collected in various ways from 
the pancreatic head region, and found 
that these genetic alterations can be 
used as tumor markers with high sensi
tivity and specificity [13-20]. However, 
most of these studies were performed on 
small study groups, a definitive tissue 
diagnosis was often not available, and 
comparison of findings in the cytology 
specimens and in the corresponding car
cinomas concerning these genetic altera
tions was often not included. These 
limitations make it impossible to deter
mine the rate and causes of false positive 
and false negative outcomes. The ab
sence of genetic alterations in the tumor, 
technical problems, intratumor heteroge
neity, the presence of K-ras mutations in 
non-malignant lesions such as pancre
atic duct hyperplasia, and sampling error 
all need consideration. 

The possible use of tests based on 
the detection of K-ras and p53 alterations 
in cytology collected from the distal 

common bile duct for the diagnosis of a 
malignancy in the pancreatic head region 
depends on two critical questions: 1. To 
what extent are the genetic alterations 
present in the carcinomas detectable in 
these cytology specimens? 2. Are the 
genetic alterations detected in these cy
tology specimens derived from the carci
nomas? 

In this study, brush cytology 
specimens were collected under con
trolled conditions from a large series of 
consecutive pancreaticoduodenectomy 
resection specimens. This allowed u s to 
compare directly the findings in the 
brush cytology with the findings in the 
corresponding resection specimens, 
thereby enabling u s to specifically ad
dress the two above questions and ascert
ain possible causes of inaccurate out
comes. 

Materials and Methods 

Study Group and Tissue Collection 
The study group consisted of resection 
specimens from 57 consecutive patients 
who underwent pancreaticoduodenec
tomy at the Academic Medical Center in 
Amsterdam between January 1994 and 
December 1995. Six patients who under
went pancreaticoduodenectomy in the 
same period were not included because 
sampling of the study material was insuf
ficient. The mean age of the patients was 
62 years (range 45-76). Twenty-seven 
were males. The histological diagnoses 
according to the World Health Organiza
tion classification were as follows: 34 
ductal adenocarcinoma of the pancreas, 1 
mucinous cystadenocarcinoma of the 
pancreas, 1 clear cell carcinoma of the 
pancreas, 10 adenocarcinoma of the am
pulla Vateri, 1 signet-ring cell carcinoma 
of the ampulla Vateri, 5 adenocarcinoma 
of the distal common bile duct [21-23]. 
Five patients had no malignancy in the 
pancreatic head region (3 patients with 
chronic pancreatitis, 1 with gastrinoma, 
and 1 without histological alterations). 

The distal common bile duct was 
brushed via the ampulla Vateri with an 
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endocervical brush (Cervibrush +tm, Cell-
Path, Hemel Hempstead, UK) immedi
ately after arrival of the resection 
specimens at the pathology laboratory. 
Brush cytology smears were made for 
light microscopy and immunocytochem-
istry. The remaining cells were then sus
pended in 10 ml of a buffered saline 
solution (pH 7-8). The cell suspensions 
were fixed by adding 10 ml 96% ethanol 
and used for K-ras analysis. The resec
tion specimens were fixed in buffered 
formalin overnight and tissue sections 
were paraffin-embedded for routine diag
nostic histology, K-ras analysis, and im-
munohistochemistry. 

Isolation of DNA 
DNA was isolated from representative 
tissue sections, as well as from 1 ml of 
the brush cytology cell suspensions, us
ing proteinase K [24]. Areas defined as 
malignant by light microscopy were mi-
crodissected from H&E-stained paraffin 
sections. Random areas of ductal epithe
lium were dissected when no malignancy 
was present. 

Detection of K-ras Codon 12 Point 
Mutations 
A two step, semi-nested PCR with mu
tant-enrichment was used to detect K-ras 
codon 12 mutations [6]. The PCR prod
ucts are visualized by hybridization with 
wild-rype-specific and mutant-specific 
radioactive labeled oligonucleotides fol
lowed by autoradiography [24]. Controls 
for amplification, contamination and spe
cific and aspecific hybridization are in
cluded. Figure 2 is an example of an 
autoradiogram from this study. 

All analyses were performed in du
plicate to exclude technical artifacts. 
Autoradiograms were evaluated without 
knowledge of diagnosis and other test 
results. DNA isolates from the brush cy
tology specimens were classified as K-ras 
mutation-positive if there was a mutant 
signal in the mutant-enriched PCR prod
uct and if the mutation was confirmed in 
the duplicate analysis. When the results 
from the first and second analysis were 
discrepant, a third analysis was per

formed to resolve the discrepancy. A 
similar classification was employed for 
DNA isolates from the resected carcino
mas, but in that event a mutant signal 
also had to be visible in the non-enriched 
PCR product; in these cases, microdis
section forms an enrichment step in favor 
of tumor tissue. 

Demonstration of the p53 Gene Product 
Immunochemical staining was performed 
using standard methodologies and the 
anti-p53 rabbit polyclonal antibody CM 1 
(Novocastra Laboratories, Newcastle upon 
Tyne, UK). A representative 5 ^m tissue 
section and a fixed brush cytology smear 
(Pro-Fixx, Lerner-Laboratories, Pittsburgh 
PA, USA) prepared from each resection 
specimen were immunostained. These 
were considered p53 immunochemistry 
(IC)-positive when there was specific nu
clear staining of approximately 10% or 
more of the epithelial cells [11]. Immuno
chemical staining was evaluated by 2 
independent observers without knowl
edge of any of the other results. A repre
sentative p53 IC-positive brush cytology 
smear is shown in figure 3. 

Discrepancy Analysis 
In various cases the findings in the brush 
cytology specimens and corresponding 
resection specimens were discrepant after 
initial analysis. Specific causes of the 
discrepancies were evaluated as follows. 

ALTERATIONS IN THE BRUSH CYTOLOGY SPECIMEN 

BUT NOT IN THE PRIMARY CARCINOMA OR 

DIFFERENT FROM THOSE FOUND IN THE PRIMARY 

CARCINOMA 

- Intratumor heterogeneity 
All additionally available tissue blocks of 
the primary carcinoma were analyzed for 
K-ras or p53 alterations. Intratumor het
erogeneity was considered present when 
1 or more of the additionally tested tissue 
blocks showed the previously unex
plained alteration found in the corre
sponding brush cytology specimen. 
- Pancreatic duct hyperplasia harboring 
K-ras mutations 
If intratumor heterogeneity could not be 
demonstrated for K-ras mutations and 
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TABLE 1 
K-ras and p53 alterations in the different types of 
malignancies  

Malignancy 
K-ras 

mutation-positive 
p53IC-
positive 

Pancreatic carcinoma 30 (83%) 20 (56%) 
Ampullar/ carcinoma 4(36%) 8(73%) 
Cholangiocarcinoma 3 (60%) 3 (60%) 
Total 37(71%) 31(60%) 

mucinous duct hyperplasia was present 
in the resection specimen, the hyper
plastic areas were separately microdis-
sected and analyzed. Shedding of cells 
from these hyperplastic lesions was con
sidered the cause of the discrepant re
sults if the K-ras mutation found in the 
brush cytology specimen was detected in 
these areas. 

ALTERATIONS IN THE PRIMARY CARCINOMA BUT 

NOT IN THE BRUSH CYTOLOGY SPECIMEN 

- Sampling error 
From each resection specimen 4 brush 
cytology smears, stained with Giemsa 
and Papanicolaou, were evaluated by 
light microscopy for the presence of ma
lignant cells by 2 independent experi
enced cytopathologists. Sampling error 
was considered the most likely cause of 
the discrepant results when no neoplas
tic cells were seen. 
- Intratumor heterogeneity 
Intratumor heterogeneity was assessed if 
unequivocal malignant cells were seen 
with light microscopy. Again all available 
tissue blocks of the primary carcinoma 
were analyzed for K-ras or p53 altera
tions. At least 10 different parts of each 
carcinoma were separately microdis-
sected and analyzed. Intratumor hetero
geneity was considered the cause of 
discrepancy if part of the tumor was 
negative for the alterations found in the 
brush cytology specimen. 

If none of the above specific causes 
of discrepancies could be demonstrated, 
the cause of discrepancy remained un
known. 

Results 

Table 1 shows the histological diagnosis 
and the results of the analyses for K-ras 
and p53 alterations in the resection 
specimens with malignancies. K-ras co-
don 12 point mutations were found in 37 
of the 52 carcinomas (71%), and 31 of 52 
were p53 IC-positive (60%). K-ras muta
tions were most frequently found in pan
creatic carcinomas. The results of p53 IC 
were comparable in the three types of 
carcinoma. 

Tables 2 and 3 show the results of 
the K-ras and p53 analyses of the brush 
cytology specimens in comparison with 
the results of the corresponding carcino
mas. Thirty-three of 52 (63%) brush cy
tology specimens were K-ras mutation-
positive and 29 (56%) were p53 IC-
positive. 

All 5 resection specimens without 
malignancy and the corresponding brush 
cytology specimens were K-ras mutation-
negative and p53 IC-negative. 

Concordance of the results from the 
brush cytology specimens and corre
sponding resection specimens, including 
the resection specimens without malig
nancy, was found in 49 of 57 cases (86%) 
for the K-ras analysis and in 47 of 57 
cases (82%) for the p53 analysis. 

Table 2 also shows the K-ras muta
tional spectrum found in the primary car
cinomas and the brush cytology 
specimens. Five of the 6 possible permu
tations in codon 12 were detected. One 
primary carcinoma and 1 brush cytology 
specimen contained 2 different muta
tions. The most frequent mutation was a 
GGT to GAT mutation (glycine to aspartic 
acid). 

K-ras and/or p53 alterations were 
present in the brush cytology specimens 
of 42 of 52 resection specimens with ma
lignancy: 20 were positive for both K-ras 
mutation and p53 IC, 13 for K-ras muta
tion only, and 9 for p53 IC only. 

Of all resection specimens with ma
lignancy except 3 with pancreatic cancer, 
the brush cytology smears contained ma
lignant cells. These results were used for 
the discrepancy analysis. 
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TABLE 2 

K-ras analysis results from resection specimens with malignancy 

Mutations in carcinomas 

Concordance 

Mutations in 

brush cytology Cys Ser Arg Val Asp Ala Gly' Concordance Total 

Cys 

Ser 

Arg 

Val 

Asp 

Ala 

Gly1 

Concordance 

Total 1 

23 17 1 

2 3 14 

8 7 20 15 
44 

4 

7 

20 

1 

19 

52 

1 Wild-type codon 12 (GGT) codes for glycine. 
2 One resection specimen with glycine to cysteine and glycine to valine mutation; only mutation concordant with the one found in the brush cytology 
specimen is noted. 
3 One brush cytology specimen with glycine to valine and glycine to aspartic acid; only glycine to aspartic acid mutation is noted. 

TABLE 3 
p53 IC results from resection specimens with malig-
nancy 

Brush cytology 

Carcinoma 

p53 IC-

positive 

p53IC-

negative Total 

p53 IC-positive 

p53 IC- negative 

Total 

25 

4 

29 

6 

17 

23 

31 

21 

52 

The results of the discrepancy analysis 
are summarized in Table 4. Discrepancies 
between the results of the brush cytology 
specimens and cor-responding resection 
specimens were found in 8 cases for the 
K-ras analysis and in 10 cases for the 
p53 analysis. 
Intratumor heterogeneity was determined 
as the source of the discrepancy in 8 
cases. In 2 cases the source of the dis
crepancy was the presence of mucinous 
pancreatic duct hyperplasia harboring K-
ras mutations. Sampling error appeared 
to be the cause in 3 cases. In the re
maining 5 cases we were unable to es
tablish the cause of the discrepant 
results. 

Discussion 
In more than 80% the findings in the 
brush cytology specimens and cor
responding resection specimens were 
identical. Discrepant results were found 
in 8 and 10 cases for the K-ras and the 
p53 analysis, respectively. 

Technical errors as a cause for dis
crepant findings were unlikely be-cause 
all DNA analyses were performed in du
plicate. 

Intratumor heterogeneity is a well-
recognized phenomenon in carcinomas 
[25]. It has been described at a variety of 
levels, including genetic alterations such 
as K-ras and p53 mutations [26-31], and 
we determined intratumor heterogeneity 
as the cause for discrepant results in 8 
cases. Intratumor heterogeneity was 
identified as the source of discrepancy in 
1 case with a K-ras mutation-positive 
brush cytology specimen and in 1 case 
with a p53 IC-positive brush cytology 
specimen from resection specimens with 
carcinomas initially negative for the al
terations found in the brush cytology. In 
1 ampullary carcinoma with a GGT to 
GAT mutation but K-ras mutation-
negative brush cytology that contained 
malignant cells, the resection specimen 
consisted of invasive carcinoma next to 
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TABLE 4 
Discrepancy analysis 

Type of discrepancy 

Alterations present in brush cytology, 

but not or different in carcinoma 

Alterations present in carcinoma, 

but not in brush cytology 

Cause of 

discrepancy K-ras p53 K-ras p53 Total 

Intratumor heterogeneity 

K-ras mutations in hyperplasia 

Sampling error 

Unknown 

Total 

1 1 

2 

3 

3 4 

1 5 

2 1 

2 

5 6 

8 

2 

3 

5 

18 

adenomatous mucosa. Separate micro-
dissected parts of both carcinoma and 
adjacent adenoma were found to be K-ras 
mutation-negative. The 5 p53 IC-positive 
carcinomas with p53 IC-negative brush 
cytology specimens but unequivocal ma
lignant cells in the light microscopy all 
contained distinct p53 IC-negative parts. 
The latter 6 cases illustrate that intratu
mor heterogeneity may cause false nega
tive results. 

In 2 cases, ductal hyperplasia har
boring K-ras mutations was the cause of 
different K-ras mutations in the brush 
cytology specimen and the primary carci
noma [21, 32-36]. Mucinous pancreatic 
duct hyperplasia is frequently seen in a 
pancreas with a carcinoma. There is sub
stantial evidence for a sequential change 
from hyperplasia to carcinoma [36-39], 
but the high frequency of hyperplastic 
epithelium in the pancreatic duct of 
autopsy cases without pancreatic neo
plasms suggests that only a fraction of 
these lesions progresses to invasive car
cinoma during life [32]. Therefore, the 
detection of hyperplastic lesions is not 
(yet) an indication for therapeutic inter
vention i.e. a surgical procedure, and the 
detection of K-ras mutations from such 
lesions should be considered as a false 
positive result. Although there was ma
lignant disease present in the above 2 
cases, it does show the potential of hy
perplasias to give rise to false positive 
outcomes. 

Sampling error can be caused by 

technical problems or by absence of tu
mor cells in the distal common bile duct. 
The latter may be the case because the 
tumor only compresses the bile duct 
without transmural infiltration or shed
ding of cells into the bile, as can be en
countered in pancreatic carcinoma. 
Sampling error could be an explanation 
for discrepant results in cases with K-ras 
mutation-positive or p53 IC-positive car
cinoma but with a negative brush cytol
ogy specimen. In 3 such cases, all 
pancreatic carcinoma, no malignant cells 
were detected by light microscopy and 
thus sampling error following the above 
mechanism may have been the cause. 

In 5 cases, a certain cause for the 
discrepant results between the brush 
cytology specimen and the corresponding 
primary carcinoma could not be deter
mined. Nevertheless, intratumor hetero
geneity remains the most likely cause in 
2 cases in which the brush cytology 
specimens from the resection specimens 
with K-ras mutation-positive carcinomas 
were negative for these alterations, be
cause unequivocal malignant cells were 
seen with light microscopy. The same 
accounts for the 3 resection specimens 
with p53 IC-negative carcinomas and p53 
IC-positive brush cytology specimens in 
which the p53 IC-positive cells could be 
identified as malignant cells by light mi
croscopy. It is of course impossible to 
analyze every single cell of the whole tu
mor to rule out or establish intratumor 
heterogeneity as the underlying cause. 
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After discrepancy analysis, concor
dance rates increased to 88% (50/57) for 
the K-ras analysis and to 84% (48/57) for 
the p53 analysis. These high percentages 
support the conclusions of previous 
studies that the genetic alterations found 
in material collected from the distal 
common bile duct reflect the alterations 
present in malignancies in the head re
gion of the pancreas, and thus might be 
useful as tumor markers [13-20]. 

However, because this study was 
performed on pancreaticoduodenectomy 
resection specimens, our results may not 
apply completely to brush cytology col
lected during ERCP. Brushing has more 
limitations during ERCP, a smaller brush 
is used and the manner in which the 
brushing is performed is less robust. This 
will lead to a lower yield of cells. Also the 
surgical manipulation of the resection 
specimens may have contributed to the 
larger number of malignant cells in the 
brush cytology specimens in this study. 
Indeed the brush cytology smears of 94% 
of the resection specimens with malig
nancy contained malignant cells, and this 
yield will not be acquired through ERCP 
brush cytology in the clinical situation. 
Therefore, the readings of the cytology in 
this study formed a check on the ade
quacy of sampling rather than a diagnos
tic test. 

One would expect that at least the 
accuracy of the K-ras analysis would not 
be very dependent on the number of cells 
collected, because the PCR with mutant-
enrichment enables the detection of at 
least 1 heterozygous mutant cell among 
500 homozygous wild-type cells [39]. This 
assumption was supported by findings in 
ERCP brush cytology specimens that 
were available for K-ras mutational 
analysis from 14 patients included in this 
study. In all 14 cases the ERCP brush 
cytology showed identical results as the 
brush cytology specimens obtained from 
the pancreaticoduodenectomy specimens 
(7 were K-ras mutation-positive and 7 
were negative). 

Our results suggest that intratumor 
heterogeneity and sampling error will be 
of importance when routine clinical 
brush cytology is used for the detection 

of K-ras or p53 alterations for the diagno
sis of malignancies in the region of the 
head of the pancreas. These two will lead 
to false negative outcomes. More impor
tantly, pancreatic ductal hyperplasias 
containing K-ras mutations are also po
tential confounders and will diminish the 
specificity of K-ras mutations. 

Our study does not allow an esti
mation of the occurrence and detection of 
K-ras or p53 alterations in brush cytology 
specimens from patients without malig
nant disease, because only 5 resection 
specimens without malignancy were in
cluded. Such data, however, are essential 
before these tests can be applied clini
cally. Therefore, in order to estimate the 
specificity, in particular of K-ras muta
tions, one needs first to determine the 
prevalence of these alterations in brush 
cytology specimens coming from a larger 
group of persons without malignant dis
ease in the region of the head of the pan
creas [40]. In contrast to K-ras mutations 
that can be found in pancreatic ductal 
hyperplasias, it is our experience that 
precursor lesions are rarely p53 IC-
positive, and we have only observed such 
positivity in carcinoma in situ at the ear
liest [11]. Thus, whereas K-ras maybe 
(overly) sensitive, p53 seems a more spe
cific marker. On the other hand, in co
lonic tumors with a proven homozygous 
absence of a functional p53 gene, we 
have seen IC positivity on rare occasions 
due to the employed procedures [41]. 
Careful attention to methodology is thus 
warranted. 

Unfortunately, the absence of K-ras 
and p53 alterations in a substantial 
number of the carcinomas will limit their 
sensitivity but both tests were of addi
tional value to one another. A similar 
percentage of resection specimens with 
malignancy had brush cytology positive 
for K-ras mutation or p53 IC, 63% and 
56% respectively, but with both tests 
combined this percentage raised to 8 1 % . 

In conclusion, K-ras codon 12 point 
mutations and the overexpression of the 
p53 gene product were demonstrated in 
the ductal brush cytology specimens in a 
large percentage of pancreaticoduo
denectomy resection specimens with car-
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cinoma, and in none of the resection 
specimens without malignancy. In the 
majority of cases the findings in the 
brush cytology specimens corresponded 
to the findings in the resection speci
mens. The detection of K-ras and p53 
alterations in ductal brush cytology ap
pear to be valuable tests for the diagnosis 
of carcinomas in the region of the head of 
the pancreas and are supplementary to 
each other. The actual sensitivity and 
specificity and their additional value to 
conventional light microscopy must be 
determined on material obtained during 
ERCP from a prospectively studied large 
group of patients. 
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The Clinical Value of K-ras Codon 12 Analysis 
and Endobiliary Brush Cytology for the Diagnosis of 
Malignant Extrahepatic Bile Duct Stenosis 

Patrick D.J. Sturm, ErikAJ. Rauws, Ralph H. Hruban, EricCaspers, Teun B. Ramsoekh, 
Kees Huibregtse, L Arnold Noorduyn, G. Johan A Offerhaus. 
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ABSTRACT 
Benign and malignant diseases can cause extrahepatic biliary stenosis. In most cases, a tissue 
diagnosis is needed for optimal management of patients, but the sensitivity of biliary cytology for the 
diagnosis of a malignancy is relatively low. The additional diagnostic value of K-ras mutational analysis 
of endobiliary brush cytology was assessed. 

Endobiliary brush cytology specimens obtained during endoscopic retrograde 
cholangiopancreaticography were prospectively collected from 312 consecutive patients with 
extrahepatic biliary stenosis. The results of conventional light microscopic cytology and K-ras codon 12 
mutational analysis were compared and evaluated in view of the final diagnosis made by histologic 
examination of the stenotic lesion and/or patient follow up. 

The sensitivity of cytology and mutational analysis to detect malignancy was 36% and 42%, 
respectively. When both tests were combined the sensitivity increased to 62%. The specificity of 
cytology was 98%, and the specificity of the mutational analysis and of both tests combined was 89%. 
Positive predictive values for cytology, mutational analysis, and both tests combined were 98%, 92%, 
and 94%, while the corresponding negative predictive values were 34%, 34%, and 44%, respectively. The 
sensitivity of K-ras mutational analysis was 63% for pancreatic carcinomas compared to 27% for bile 
duct, gallbladder, and ampullary carcinomas. 

K-ras mutational analysis can be considered supplementary to conventional light microscopy of 
endobiliary brush cytology to diagnose patients with malignant extrahepatic biliary stenosis, particularly 
in the case of pancreatic cancer. The presence of a K-ras codon 12 mutation in endobiliary brush 
cytology perse supports a clinical suspicion of malignancy, even when the conventional cytology is 
negative or equivocal. 
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Introduction 
Stenosis of the extrahepatic bile ducts is 
caused by a variety of malignant and be
nign disorders. In order to optimally man
age such patients, it is often important to 
determine the etiology of the stenosis. 
However, it can be difficult to differentiate 
malignant from benign causes of biliary 
stenosis based on clinical presentation 
and radiological findings alone and a de
finitive diagnosis of malignancy can only 
be established histo(cyto)pathologically. 
Endobiliary brush cytology can be per
formed during endoscopic retrograde 
cholangiopancreaticography (ERCP) to 
collect material for cytopathology. Despite 
the high specificity of brush cytology, the 
sensitivity is low [1,2]. An analysis of tu
mor-specific genetic alterations in these 
cytology specimens may add to the diag
nostic value of brush cytology. 

Mutations in the K-ras oncogene are 
attractive for such analyses for a number 
of reasons: 1. K-ras mutations are the 
most common genetic alteration in hu
man cancers and are frequent in the two 
main malignant neoplasms that cause 
biliary stenosis, pancreatic carcinoma and 
bile duct carcinoma [3-9]. 2. More than 
90% of the K-ras mutations in these neo
plasms occur in codon 12 which makes 
their detection relatively easy. 3. The PCR-
based method used for the detection of 
the K-ras mutations is very sensitive and 
can identify rare mutant DNA copies 
among an abundance of wild-type DNA 
[3]. 4. Results from the K-ras mutational 
analysis, as performed in the current 
study, can be obtained within 48 hours, 
making the test suitable for routine clini
cal purposes. 

A number of studies have empha
sized the diagnostic utility of K-ras muta
tions in material obtained from the head 
of the pancreas for the diagnosis of pan-
creatico-biliary malignancies, but most 
studies were performed on small groups 
of selected patients [10-22]. Furthermore, 
the specificity of K-ras mutational analy
sis in the clinical diagnosis of neoplastic 
disease is unclear, because these muta
tions are also present in intraductal pan
creatic proliferations (called 'duct 

hyperplasia") [23-25]. This study has pro
spectively assessed the value of K-ras 
mutational analysis of endobiliary brush 
cytology as compared to conventional cy
topathology for the diagnosis of a malig
nancy in patients with bile duct stenosis 
in a large series of consecutive patients 
with a complete follow-up. 

Materials and Methods 

Patients 
The study population consisted of a series 
of consecutive patients who underwent 
ERCP with endobiliary brush cytology for 
the evaluation of an extrahepatic biliary 
stenosis at the Academic Medical Center 
(AMC) in Amsterdam in the period from 
January 1st 1993 till February 1st 1996. 
The Medical Ethical Review Committee of 
the AMC approved the study. If a patient 
underwent ERCP with brush cytology re
peatedly during this period, only the first 
examination was included. This resulted 
in 312 patients with a mean age of 63 
years; 172 patients were male. 

TABLE 1 
Established final diagnosis in 312 patients who were 
evaluated for bile duct stenosis 

Final diagnosis No. of patients 

Malignant stenosis 220 
Tissue diagnosis 

Resection stenotic lesion 42 
Autopsy 7 
Biopsy stenotic lesion 22 
Biopsy distant metastasis 45 

Clinical diagnosis 
Progressive disease 104 
consistent with malignancy 

Benign stenosis 74 
Tissue diagnosis 

Resection stenotic lesion 10 
Clinical diagnosis 

Stable disease or regression 64 

Unknown 18 
Insufficient clinical information 18 

A final diagnosis of the nature of 
biliary stenosis was based on histological 
and/or clinical findings (Table 1). In the 
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absence of a tissue diagnosis, a clinical 
diagnosis was established based on clini
cal symptomatology, imaging studies, and 
course of the disease. All patients were 
followed up for at least 12 months. Based 
on these criteria, 220 patients (70%) had 
a malignant etiology for their stenosis and 
74 (24%) had a benign stenosis. In 18 
patients (6%) the cause of stenosis re
mained unclear because of insufficient 
information during follow up and these 
patients were excluded from further 
analysis. The spectrum of the different 
etiologies of the stenoses in the remaining 
294 patients is given in Table 2. 

TABLE 2 
Spectrum of the different causes of bile duct steno-
sis in 294 patients with a final diagnosis  

Etiology No. of patients 

Malignant stenosis 
Pancreatic carcinoma 

220 
96 

Bile duct carcinoma 73 
Gall bladder carcinoma 7 
Ampullary carcinoma 
Lymph node metastasis 
Lymphoma 
Unspecified 

8 
10 

1 
25 

Benign stenosis 
Inflammatory 

Chronic pancreatitis 
Cholelithiasis 

74 

26 
3 

Mirizzi syndrome' 
Primary sclerosing cholangitis 
Postsurgical2 

Unspecified 

1 
26 
13 
5 

'Gallstone in the gallbladder causing extrahepatic bile duct obstruction 
by external compression. 
2Post-cholecystectomy or post-papillotomy. 

The mean survival after the ERCP 
procedure for patients with a malignant 
etiology of their stenosis was 9 months 
(range 0-50 months). Eight of these 220 
patients were still alive at the closing date 
of follow up and their survival ranged 
from 22-50 months: of these, 6 had a sur
gical resection and 2 were biopsied only. 
Seventy-one of 74 patients with benign 
disease were alive at the end of follow up 
with a mean follow up period of 32 
months (range 10-54 months). Of the 3 
patients who died, 2 died of cardiac dis
ease 10 and 27 months after ERCP, and 1 

died following a hip fracture 18 months 
after ERCP, all without symptoms con
sistent with obstructive biliary disease. 

Materials 
Brushings of the bile duct stenoses were 
performed with the GRBH-230-3-3.5 (Wil
son-Cook Medical Inc.). Four cytology 
smears from each patient were stained 
with Giemsa and Papanicolaou for routine 
diagnostic cytology. The remainder of the 
brush cytology specimen was suspended 
in 10 ml DNA buffer and fixed with 10 ml 
100% ethanol. The suspensions were 
stored at 4 °C for subsequent K-ras muta
tional analysis. 

Tissue from the area of the bile duct 
stenosis was available from 71 patients 
with a malignant cause for their stenosis 
and from 10 patients with a benign steno
sis. These tissues were obtained at resec
tion of the stenotic lesion, from biopsies of 
the stenotic lesion with malignant find
ings, and at autopsy (Table 1). In these 
cases, the available archival tissue blocks 
were analyzed for K-ras mutations allow
ing us to compare directly the mutational 
status of the patient's primary pathology 
with the analysis of the corresponding 
brush cytology specimens. 

Methods 
DNA ISOLATION 
One ml of each brush cytology suspension 
was used for DNA isolation. In case of the 
tissue blocks, careful microdissection 
from 5 u,m hematoxylin-and-eosin-stained 
sections was performed to ascertain a 
sample of which at least 50% of the cells 
comprised the tissue of interest. DNA was 
extracted as described previously [26]. 

K-RAS MUTATIONAL ANALYSIS 
The protocol of the K-ras codon 12 m u t a 
tional analysis has been described previ
ously [26]. With this assay, DNA is 
subjected to PCR amplification using pri
mers around codon 12. One of the prim
ers generates a restriction enzyme recog
nition site with the wild-type codon 12 se
quence but not with the mutant codon 12 
sequence. Digestion of the PCR products 
with the restriction enzyme is followed by 
a second round of amplification that then 
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TABLE 3 

The results of the cytology and K-ras mutational analysis in reference to the final diagnosis 

Cytology 

Final diagnosis Positive Negative Suspect Insufficient Total 

Malignant stenosis 79 104 30 7' 220 
K-ras positive 35 39 14 4 92 
K-ras negative 44 65 16 3 128 

Benign stenosis 2 66 5 1 74 
K-ras positive 2 6 0 0 8 
K-ras negative 0 60 5 1 66 

'One specimen could not be amplified and was called K-ras negative. 

yields a PCR product enriched for K-ras 
codon 12 mutations. The resulting DNA 
fragments are denatured and dot-blotted 
onto nylon membranes and subjected to 
allele-specific oligonucleotide (ASO) hy
bridization with radioactive labeled 
probes, specific for each possible K-ras 
codon 12 mutation, followed by autoradio
graphy. Cell suspensions with mu-
tantwild-type ratios of 1:100 and 1:1000 
were used as positive controls in every 
PCR procedure. The suspensions were 
made of the human colon cancer cell line 
SW 480 with a homozygous GGT to GTT 
mutation at codon 12 of K-ras and the 
human colon cancer cell line HT 29 with 
wild-type K-ras. Water was used as a 
control for contamination, placental DNA 
for non-specific hybridization, and cloned 
DNA fragments with the six different K-ras 
codon 12 mutations and the wild-type 
codon 12 for specific hybridization. All 
PCR products were hybridized with oligo
nucleotides specific for the wild-type se
quence to control for amplification of the 
patient samples. Both enriched and non-
enriched PCR products were dot-blotted 
next to each other to check the digestion 
and mutant-enrichment. Figure 4 is an 
example of an autoradiogram of the K-ras 
analysis. The above mutational analysis 
has been validated through comparison 
with sequence analysis in a previous 
study [27]. 

The K-ras mutational analysis re
sults were evaluated without any infor
mation regarding the patient. All 
mutational analyses were performed in 
duplicate in separate experiments. If there 
were discrepancies, a third analysis was 

performed to resolve the discrepancy. A 
result was called K-ras mutant positive if 
identical mutations were found in the 
duplicate analysis, and when enrichment 
for the mutation had occurred. 

LIGHT MICROSCOPY 
All the cytology smears were independ
ently evaluated by an experienced cyto-
pathologist (L.A.N.). The following diag
nostic categories were used: positive for 
carcinoma, negative for carcinoma, sus
pect for carcinoma, and material insuffi
cient or not suitable for diagnosis. 

SENSITIVITY, SPECIFICITY, POSITIVE AND NEGATIVE 

PREDICTIVE VALUES 
The following definitions were used for 
evaluation. Sensitivity: percentage of pa
tients with disease who have positive test 
results. Specificity: percentage of patients 
without disease who have negative test 
results. Positive predictive value: percent
age of patients with positive test results 
who have disease. Negative predictive 
value: percentage of patients with nega
tive test results who have no disease. 

Results 

Of the 220 patients with a malignant eti
ology for their bile duct stenosis, 79 (36%) 
were diagnosed cytologically, and 92 
(42%) had K-ras mutations detected in 
their cytology specimens (Table 3). Of the 
92 patients with mutant K-ras in their 
cytology specimens, 57 patients were not 
diagnosed with cytology, and thus the 2 
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TABLE 4 

The results of the cytology and K-ras mutational analysis in 71 patients with a precise etiology of the malignant bile 

duct stenosis based on histology of the stenotic lesion 

Cytology 

Final diagnosis Positive Negative Suspect Insufficient Total 

Pancreatic carcinoma 8 21 6 31 38 
K-ras positive 7 11 4 2 24 
K-ras negative 1 10 2 1 14 

Bile duct carcinoma 6 8 4 - 18 
K-ras positive 3 1 1 5 
K-ras negative 3 7 3 13 

Gall bladder carcinoma 1 4 - - 5 
K-ras positive 0 1 1 
K-ras negative 1 3 4 

Ampullary carcinoma 2 4 2 - 8 
K-ras positive 1 1 1 3 
K-ras negative 1 3 1 5 

Lymph node metastasis 1 1 - - 2 
K-ras positive 0 0 0 
K-ras negative 1 1 2 

'One specimen could not be amplified and was called K-ras negative. 

tests combined were able to identify 136 
(79+57) patients with malignant disease 
(62%). Of these 57 patients with mutant 
K-ras and non-diagnostic cytology, 39 had 
negative cytology results, 14 had cytology 
suspect for carcinoma and 4 had material 
insufficient for diagnosis. Positive predic
tive values and negative predictive values 
for the cytology, K-ras mutational analy
sis, and both tests combined were 98% 
and 34%, 92% and 34%, and 94% and 
44%, respectively. 

Eight of the 74 patients with benign 
disease on follow-up had K-ras mutations 
identified in their brush cytology (Table 3). 
All 8 patients were alive after a mean fol
low up of 30 months (range 18-50 
months) and none of them had signs of 
malignant disease at the end of follow up. 
Two of these 8 patients had a diagnosis of 
chronic pancreatitis, 3 had a postsurgical 
stenosis, and 3 patients had primary scle
rosing cholangitis. Tissue from the ste
notic lesion of one of the patients with 
primary sclerosing cholangitis was avail
able for K-ras mutational analysis. The 
patient had undergone a hilar resection 
because of the suspicion of a cholangio-
carcinoma. Histopathological findings 
were cholecystitis with inflammation and 
fibrosis of the common hepatic duct. The 
K-ras mutation found in the brush cytol

ogy specimen was not confirmed in the 
reactive bile duct epithelium in this case. 

Two of the 8 patients with false 
positive K-ras results', both with a 
postsurgical stenosis, also had positive 
cytology (Figure 5). 

In the 71 patients with a definitive 
tissue diagnosis of a malignancy, cytology 
was slightly more sensitive for the diagno
sis of carcinomas primary to the bile duct 
compared to the other causes of malig
nant biliary stenosis, 33% (6/18) versus 
23% (12/53) (Table 4). The sensitivity of 
K-ras mutational analysis was highest for 
pancreatic carcinoma, 63% (24/38) com
pared to 27% (9/33) for other causes. 

Tissue was available for K-ras mu
tational analysis from 60 of the 71 pa
tients who had a definitive tissue 
diagnosis of a malignancy (Table 5). 
Twenty-two of 29 (76%) pancreatic carci
nomas had a K-ras mutation compared to 
12 of the 31 (39%) non-pancreatic can
cers. In 53 of 60 (88%) patients the K-ras 
analyses of brush cytology and tissue 
specimens were concordant: in 27 pa
tients identical mutations were found and 
in 26 patients both specimens were nega
tive for mutations. In 7 patients the re
sults were discrepant. All these patients 
had wild-type K-ras detected in their cy
tology specimens and mutant K-ras 
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TABLE 5 
K-ras mutational spectrum in brush cytology specimens and corresponding carcinomas of 60 of the 71 patients 
with a precise etiology of the malignant stenosis based on histology of the stenotic lesion  

Mutations in 
carcinomas2 

Mutations in brush cytology2 

Cys Ser Arg Val Asp Ala Gly1 Total 

Cys 
Ser 
Arg 
Val 
Asp 
Ala 
Gly' 
Total 

1 3 
3 11 

15 2 17 
1 1 

26 26 
15 1 33 60 

1 Wild-type (»don 12 (GGT) codes for glycine. 
2 The six possible mutations code for cysteine, serine, arginine, valine, aspartic acid, and alanine. 

detected in their primary carcinomas; the 
cytology of these patients was also nega
tive for carcinoma. 

No mutations were found in the 
tissue specimens of the 10 patients with a 
benign stenosis. 

Discussion 
The clinical value of analyzing endobiliary 
brush cytology specimens for K-ras codon 
12 mutations in establishing the diagno
sis of a malignancy in patients with ex-
trahepatic bile duct stenosis was 
examined. The study-materials were pro
spectively collected from a large series of 
consecutive patients who underwent 
ERCP with endobiliary brush cytology to 
rule out or confirm a neoplastic cause of 
their bile duct stenosis. Brush cytology 
accurately diagnosed malignancy in 36% 
of the patients with a malignant etiology 
for their biliary stenosis, a sensitivity 
comparable to 2 previous studies in 
which a large consecutive series of pa
tients was analyzed [1,2]. These authors 
reported similar frequencies of biliary 
stenosis caused by malignant disease as 
in our study (57% and 66% vs. 70%), and 
in these previous studies pancreatic and 
bile duct carcinoma were also the most 
frequent carcinomas; the demographics 
in these two studies are comparable with 
the present series. Thus, the study 
population in our series can be consid

ered representative for patients undergo
ing ERCP with brush cytology for the 
evaluation of a potentially malignant bili
ary stenosis. Other studies that reported 
higher sensitivities of biliary cytology 
dealt with smaller groups of selected pa
tients [28]. 

The K-ras mutational analysis was 
especially valuable in the diagnosis of 
patients with pancreatic carcinoma (63% 
sensitivity vs. 27% in patients with ma
lignancy other than pancreatic carci
noma). One would expect that the K-ras 
mutational analysis is particularly sensi
tive for a stenosis caused by pancreatic 
carcinoma, whereas light-microscopic 
brush cytology is the more sensitive 
method for carcinomas arising from the 
bile duct epithelium. Endobiliary brush 
cytology samples the bile duct epithelium 
most efficiently, while the frequency of K-
ras mutations is highest in pancreatic 
carcinoma [3-7,9,26,28], and the PCR 
based technique for detecting K-ras mu
tations is highly sensitive and thus, in 
contrast to cytology, less dependent on 
obtaining a large amount of tumor cells. 
Because cytology and K-ras mutational 
analysis have opposite sensitivities for the 
two most frequent causes of malignant 
biliary stenosis, the methods nicely sup
plement each other. Indeed, the sensitivi
ties of cytology (36%) and K-ras 
mutational analysis (42%) for the diagno
sis of malignant stenosis were similar, 
but when combined the sensitivity in
creased to 62%. 
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K-ras mutations were detected in 
the brush cytology specimens of 8 of the 
74 patients (11%) with benign disease. 
Performing all PCR analyses in duplicate 
independently minimized the chance of 
technical errors as a cause for false posi
tive results. Positive results of the K-ras 
mutational analysis in the absence of 
malignancy may be caused by the pres
ence of non-invasive "hyperplastic duct 
lesions" containing K-ras mutations 
[23,24,29,30]. Hyperplastic duct lesions 
are frequently found together with cancer 
in the pancreas, and indeed there is evi
dence that these duct hyperplasias can 
progress to infiltrating carcinoma with K-
ras mutation as an early event [30-32]. K-
ras mutations are also found in hyperpla
sias in patients with chronic pancreatitis, 
a condition thought to be a risk factor for 
developing pancreatic cancer [23,33]. 
However, it is clear that not all duct hy
perplasias progress to invasive carcinoma 
during the life span of an average patient 
[24]. A longer follow up would therefore 
be needed to better understand the 
meaning of the observations in the 8 pa
tients in our study without obvious neo
plastic disease who harbored K-ras 
mutations in their brush cytology. A re
cent study found no cancer in 20 patients 
with pancreatitis and K-ras mutation in 
their pancreatic juice after a mean follow 
up of 78 months [34]. On the other hand, 
Brat et al. have reported 3 patients with 
hyperplastic duct lesions who developed 
pancreatic cancer after 17 months to 10 
years, and Berthelemy et al. reported 2 
patients without evidence of cancer at the 
time of ERCP but with mutated K-ras in 
their pancreatic juice who developed a 
clinically detectable pancreatic cancer 
after 18 and 40 months [35,13]. None
theless, it seems best, at present, to con
sider the 8 patients in our study 'false 
positives' until proven otherwise. Only 2 
of these patients had chronic pancreati
tis. Tissue for K-ras analysis was avail
able from one of these patients with 
primary sclerosing cholangitis in which 
the resected biliary stenosis did not har
bor a K-ras mutation. 

As in our study, the specificity of 
cytology reported in the literature is often 
100% or approaches this figure [1,2]. In

terestingly, the 2 patients with false posi
tive cytologies also had K-ras mutations 
detected in their cytology specimens. One 
patient was a 62 year old white male. 
During ERCP a regular smooth stenosis 
of the distal common bile duct was seen. 
He had undergone a cholecystectomy for 
cholelithiasis in the past, hence the ste
nosis was diagnosed as postsurgical. The 
stenosis was stented and thereafter he 
had not been jaundiced and had no other 
complaints. There was no evidence of bile 
duct obstruction 18 months after brush 
cytology. The other patient was a 71 year 
old white female also with a postsurgical 
stenosis. The mid common bile duct ste
nosis was treated with a stent. Eighteen 
months after brush cytology she had no 
complaints of extrahepatic bile duct ob
struction. These 2 patients clearly did not 
meet our criteria for a clinical diagnosis 
of a malignant bile duct stenosis. None
theless, even in retrospect, the cytology of 
these 2 patients was considered positive 
for carcinoma (Figure 5 A and B, respec
tively). One could speculate that these 
cells came from pancreatic duct lesions 
with high-grade dysplasia or from an in 
situ carcinoma, which would also explain 
the K-ras mutations detected in these 
patients. Long-term follow up may then 
provide a clue to their final diagnosis. 

In 60 cases we were able to directly 
compare the K-ras mutations identified in 
brush cytology specimens to those pres
ent in the corresponding surgical speci
mens. We found that the results were 
identical in 88% (53/60) of the cases with 
malignancy. The main cause for false 
negative results was the absence of K-ras 
mutations in the tumor (26/33), mostly 
cancers other than pancreatic cancer. 
The discrepant results from the seven 
patients in which wild-type K-ras was 
found in the brush cytology but mutant 
K-ras was detected in the patients' carci
noma could be due to sampling error 
since the conventional cytology in these 
cases was also negative for carcinoma. 

More direct sampling of the stenotic 
lesion could potentially improve the sen
sitivity of cytology, but would diminish 
specificity of the K-ras mutational analy
sis. Van Laethem et al. examined the di
agnostic value of K-ras in pancreatic duct 
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brushings and bile duct brushings [22]. 
Sensitivity of conventional light micros
copy of endobiliary brush cytology was 
similar in their study. They also showed 
the additional diagnostic value of K-ras 
mutational analysis in these cytology 
specimens, especially in the diagnosis of 
patients with pancreatic cancer, and the 
high specificity. In contrast, they found 
that the sensitivity of conventional cytol
ogy of pancreatic duct brushings is 
higher (51%) but the diagnostic value of 
K-ras was impaired by a high percentage 
(25%) of patients with chronic pancreati
tis who harbored K-ras mutations in their 
cytology. This lower specificity of K-ras 
mutational analysis of pancreatic duct 
brushings may well be attributed to the 
more direct sampling of the hyperplastic 
duct lesions that are frequent in the pan
creas with chronic inflammation. It is 
likely that in brush cytology specimens 
from the bile duct the yield of cells from 
these hyperplastic duct lesions is lower 
compared to cells derived from carcino
mas, since the cells in carcinomas grow 
less coherently and are easily shedded. 
Following this reasoning colorectal neo
plasms can be diagnosed specifically with 
the detection of K-ras mutations in the 
stool despite the frequent occurrence of 
K-ras mutations present in aberrant crypt 
foci and hyperplastic polyps, two non
neoplastic lesions prevalent in the colo-
rectum without neoplastic disease 
[36,37]. 

In conclusion, PCR based tests for 
the detection of K-ras codon 12 muta
tions can be a valuable diagnostic ad
junct to conventional light microscopy of 
endobiliary brush cytology specimens 
obtained from patients who have a suspi
cious stenosis of the extrahepatic bile 
duct, especially in patients with pancre
atic carcinoma. The presence of a muta
tion favors malignancy even when the 
cytology reading is negative or equivocal. 
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ABSTRACT 
Endobiliary brush cytology is important in the differentiation between extrahepatic bile duct stenosis 
caused by malignant and benign disorders. The additional diagnostic value of p53 immunostaining on 
these cytology specimens was assessed. 

All patients with an extrahepatic bile ducts stenosis who underwent endoscopic retrograde 
cholangiopancreaticography with endobiliary brush cytology and subsequent surgery at the Academic 
Medical Center in Amsterdam in a 3-year period were included if cytology specimens were suitable for 
p53 immunostaining. P53 immunocytology was compared with the corresponding conventional cytology 
and p53 immunostaining of the surgical specimens. 

Fifty-three patients with the following diagnoses were included: 23 pancreatic carcinoma, 15 bile 
duct carcinoma, 5 ampullar/ carcinoma, 2 lymph node metastasis, 4 carcinoma of unknown origin, 3 
chronic pancreatitis, and 1 primary sclerosing cholangitis. Fifty-one percent of the carcinomas showed 
positive p53 immunostaining, all 4 surgical specimens without carcinoma were negative. The 
sensitivities of conventional cytology, p53 immunocytology and both tests combined were 29%, 24%, 
and 43%, respectively. These sensitivities were higher for the diagnosis of bile duct carcinoma (46%, 
40%, and 66%) compared to pancreatic carcinoma (13%, 9%, and 22%). Specificities of both tests were 
100%. 

P53 immunostaining of endobiliary brush cytology can be helpful in the diagnosis of malignant 
extrahepatic bile duct stenosis, especially in patients with bile duct carcinoma. 
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Introduction 
Extrahepatic bile duct stenosis is caused 
by a variety of benign and malignant dis
eases. Symptomatology and diagnostic 
imaging techniques can not readily dif
ferentiate between the two. Light micro
scopic tissue examination is needed to 
reach an unequivocal diagnosis of the 
cause of such a stenosis. For this pur
pose, biliary cytology can be obtained 
during endoscopic retrograde cholangio-
pancreaticography (ERCP). Unfortunately, 
although the specificity is almost 100%, 
the sensitivity of light microscopic 
evaluation of biliary cytology is only 30 to 
40% [1,2]. The low sensitivity is caused 
by the low yield of material suitable for 
investigation, the difficulty to distinguish 
epithelial cells with reactive changes from 
neoplastic cells and the difficulty to dis
tinguish cells from highly differentiated 
carcinoma from normal duct epithelium. 

New potentially promising tumor 
markers detectable in brush cytology 
specimens come from molecular genetic 
cancer research. Various genetic alte
rations important in carcinogenesis have 
now been described of which alterations 
in the ras oncogenes and the p53 tumor 
suppressor gene are the most common 
ones. The diagnostic use of detection of 
K-ras mutations in biliary cytology has 
been reported with variable results and it 
may be helpful in the diagnosis of malig
nant bile duct stenosis [3-14], In con
trast, the diagnostic use of detection of 
p53 alterations in these cytology speci
mens has only received limited attention, 
mainly in pilot experiments [15-17]. P53 
is nevertheless a potentially useful target 
for diagnostic purposes. 

The p53 tumor suppressor gene is 
located on chromosome 17p and encodes 
for a nuclear transcription factor. The p53 
protein prevents the cell cycle to proceed 
from Gl to S-phase in cells with DNA 
damage, allowing DNA repair. The p53 
protein also plays a role in DNA repair 
itself and in apoptosis [18-20]. Thus, the 
cell loses 3 important controls of the cell 
life cycle when the p53 protein is non
functional. Usually, loss of one allele and 

mutation of the other inactivate the p53 
tumor suppressor gene. 

Alterations in the p53 gene are at
tractive as a tumor marker in the diagno
sis of malignant bile duct stenosis for the 
following reasons. Firstly, p53 alterations 
are one of the most frequent genetic al
terations in human malignancies in
cluding neoplasms causing bile duct 
stenosis [21]. The prevalence of p53 mu
tations in carcinoma of the pancreas, bile 
duct, and ampulla of Vater is between 50 
and 70% [22-24]. Secondly, p53 immuno-
staining can be used as a surrogate test 
for time-consuming and cumbersome 
sequence analysis to detect mutations. 
P53 mutations mostly lead to a confor
mational change of the protein product 
that has a prolonged half-life [25]. The 
mutant protein product accumulates in 
the nucleus where it can be detected with 
simple, quick, and cheap immunochemi
cal techniques available in routine labo
ratories (p53 overexpression). Immu-
nostaining to detect p53 mutations is 
estimated to be 65-70% sensitive and 
90% specific [26]. Finally, when immuno
chemical detection of p53 mutations is 
used, the (cyto)pathological features re
main intact for evaluation. 

In this study we determined the 
diagnostic value of p53 irnmunostaining 
of endobiliary brush cytology as an ad
junct to conventional light microscopic 
cytology for the diagnosis of malignant 
extrahepatic bile duct stenosis. Brush 
cytology outcomes were compared with 
the results of the definitive surgical tis
sue specimens to evaluate possible rea
sons for discrepancies. 

Materials and Methods 

Patients 
All consecutive patients who underwent 
ERCP with brush cytology for the evalua
tion of an extrahepatic bile duct stenosis 
between 1993 and 1996 at the Academic 
Medical Center, Amsterdam, and who 
underwent subsequent surgery with re
section of the stenotic lesion or biopsy of 
metastases, were included if cytology 

47 



Chapter 4 

smears and tissue of the surgical speci
mens were available for p53 immu-
nostaining. 

Materials 
Brushings of the bile duct were per
formed with the GRBH-230-3-3.5 (Wil
son-Cook Medical Inc.). The brushes were 
immediately transported to the pathology 
department. Four cytology smears or cy-
tospins were made and stained with 
Giemsa and Papanicolaou for routine 
cytopathological diagnosis. Additional 
cytology smears were made, fixed with 
Pro-Fixx (Lerner-laboratories, Pittsburgh, 
PA, USA), wrapped in aluminum foil, and 
stored at -20 °C for subsequent p53 im
munostaining. 

Five [XJQ sections of formalin-fixed 
paraffin-embedded tissue blocks were 
used for p53 immunostaining. 

P53 Immunostaining 
Brush cytology smears were rinsed thor
oughly in distilled water and incubated in 
a 0.0 IM natrium-citrate solution, pH 6.0, 
in a microwave oven set at 100 °C. After a 
10 minute incubation period, the sec
tions were allowed to cool down for 30 
minutes. After rinsing twice in distilled 
water and phosphate buffered saline 
(PBS), sections were treated by a 20 min
utes incubation in a 10% normal goat 
serum in PBS. The slides were then incu
bated 60 minutes in a 1:1000 solution of 
CM1, a rabbit polyclonal antibody against 
the p53 protein (Novocastra, Newcastle 
upon Tyne, UK). Biotinylated swine anti 
rabbit was used as secondary antibody 
and was applied in a 1:400 solution with 
10% AB-serum for 30 minutes. The next 
step contained strept. ABC Hrp 2% (Da-
kopatt, Denmark) in PBS with 10% AB-
serum and was applied for 30 minutes. 
Chromogen was 5% diaminobenzidine 
(DAB) and substrate was 0.03% peroxide 
in Tris-HCl 0.05M, pH 7.8. A 10 minutes 
incubation time resulted in a brown pre
cipitate in the nuclei of cells from a colon 
carcinoma with a known p53 mutation 
that was used as a positive control. Nu
clear counterstaining was done with 
haematoxilyn. As a negative control, part 

of each specimen followed the whole pro
cedure leaving out the primary antise
rum. 

Tumor sections were mounted on 
organosilan coated glass slides and dried 
overnight at 37 °C. Sections were de-
waxed in xylene and graded ethanol, after 
which they were placed in a coplin jar 
filled with 0.3% peroxidase in methanol. 
Subsequently, the slides were processed 
as described above. 

All cytological and histological sam
ples were coded and evaluated by two 
independent observers. Brush cytology 
specimens were considered p53 immuno
chemical (p53 IC) -positive if one or more 
cells, recognizable as epithelial cells, 
showed unequivocal nuclear staining. 
Tissue was considered p53 IC-positive if 
at least 10% of the tumor cells showed 
specific nuclear staining [24] (Figure 6). 

Light Microscopy 
The routine diagnostic cytology smears 
were coded and reviewed for this study. 
They were classified as positive for malig
nancy, negative for malignancy, suspi
cious for malignancy, or not 
suitable/insufficient for diagnosis. 

Results 
Fifty-three patients were included in the 
study (Table 1). The mean age was 58 
years, and 32 were males. The following 
diagnoses were made: 23 pancreatic car
cinomas, 15 bile duct carcinomas, 5 am-
pullary carcinomas, 2 lymph node 
metastases (one lung carcinoma and one 
rectal carcinoma), 3 chronic pancreatitis 
and 1 primary sclerosing cholangitis. 
Four patients were diagnosed with 'un
specified carcinoma'. In these patients 
only biopsies from the metastases were 
obtained and thus no specific diagnosis 
as to the tissue of origin could be estab
lished. 

Fifty-one percent of the surgical 
specimens with carcinoma were p53 IC-
positive: 48% of the pancreatic carcino
mas, 53% of the bile duct carcinomas, 
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TABLE 1 
Diagnosis, p53 immunostaining of surgical specimens, p53 immunocytology, and conventional cytology in 
53 patients with extrahepatic bile duct stenosis  

Diagnosis 

p53 IC positive 
surgical speci-

mens(%) 
Positive conventional 

cytology(%) 

Positive conventional 
p53 IC positive cytology and/or p53 IC 
cytology (%) positive cytology(%) 

Pancreatic carcinoma 23 11(48) 3(13) 2(9) 5(22) 

Bile duct carcinoma 15 8(53) 7(46) 6(40) 10(66) 

Ampullary carcinoma 5 2(40) 1(20) - 1(20) 

Lymph node metastasis 2 2(100) 1(50) 2(100) 2(100) 

Carcinoma unspecified 4 2(50) 2(50) 2(50) 3(75) 

Chronic pancreatitis 3 - - - -
Primary sclerosing cholangitis 1 • " " 

TABLE 2 
P53 immunochemistry results of surgical specimens 
and cytology specimens, and conventional cytology 
compared in the 49 patients with malignant extra-
hepatic bile duct stenosis  

p53 IC results 
No. of 
patients 

Conventional 

cytology results 

Pos. Neg, Sus, 

Tumor+/cytology+ 

Tumor-/cytology+ 

Tumor+/cytology-

Tumor-/cytology-

Total 

9 
3 
16 
21 
49 

4 4 1 

1 1 1 
2 8 6 

7 12 2 

14 25 10 

40% of the ampullary carcinomas, 50% 
of the unspecified carcinomas, and both 
the lymph node metastases. All 4 surgical 
specimens from patients with a benign 
stenosis were p53 IC negative. 

Of the 49 patients with malignant 
bile duct stenosis 14 were accurately 
diagnosed with conventional cytology, 
and 12 were diagnosed with p53 immu
nocytology. Through p53 immunocytol-
°gy> 7 patients were diagnosed in 
addition to the conventional cytology. 
Sensitivities of conventional cytology, p53 
immunocytology, and both tests com
bined were 29%, 24%, and 43%, respec
tively. The sensitivities were higher for 
bile duct carcinoma (46%, 40%, and 
66%) compared to pancreatic carcinoma 

(13%, 9%, and 22%). None of the cytol
ogy specimens from the 4 patients with a 
benign bile duct stenosis had positive 
results for conventional cytology or p53 
immunocytology (specificity 100%). 

The results of the cytology speci
mens and the surgical specimens were 
concordant in 34 (64%) patients, includ
ing the 4 patients with benign stenosis. 
Sixteen patients with p53 IC-positive 
carcinoma had negative p53 immunocy
tology and 3 patients with p53 IC-
negative carcinoma had positive p53 im
munocytology (Table 2). 

Discussion 

The detection of cancer specific molecular 
alterations as a diagnostic adjunct to 
diagnostic cytology specimens is attrac
tive because of the often low sensitivity of 
conventional morphological examina
tions. In order to be successful as a diag
nostic marker, the genetic alteration 
should be frequently encountered in the 
carcinoma under diagnosis and the de
tection method should be relatively sim
ple. Both prerequisites hold true for p53 
alterations in malignancies causing bile 
duct stenosis. The p53 gene is mutated in 
50-70% of these malignancies and the 
detection of the mutant p53 protein 
product with standard immunochemical 
procedures is in general representative 
for mutations in p53 [22-26]. 

The frequency of positive p53 im-
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munostaining for the different carcino
mas corresponded with previous reports 
[22-24], indicating that the study group 
can be considered representative. The 
sensitivity of conventional cytology was 
29%, which is also in line with previous 
large studies on endobiliary brush cytol
ogy [1,2]. The sensitivity of p53 immuno
cytology alone was 24%, which is 
relatively low. However, the combined 
sensitivity of both tests was 43%, an in
crease of 14% above that of the conven
tional cytology alone. Thus, although of 
limited diagnostic value, p53 immunocy-
tology certainly adds to conventional 
methodology. The specificity of both tests 
was 100%, but the number of patients 
without malignancy was small. P53 mu
tations are not described in non-
malignant lesions, but false positive p53 
immunostaining occurs [27-28]. 

Absence of p53 overexpression was 
the major cause for the limited diagnostic 
value of p53 immunocytology (21 cases). 
Another cause was likely the absence of 
tumor cells in the cytology specimens as 
reflected by the negative or inconclusive 
conventional cytology results in 14 of the 
16 cases with p53 IC-positive tumors and 
negative p53 immunocytology. The 2 
cases with negative p53 immunocytology 
but p53 IC-positive tumors and positive 
conventional cytology concern 'true' false 
negative staining of the cytology samples. 
This may be the result of enzymatic influ
ences of bile products or due to technical 
error [28]. Intratumor heterogeneity may 
be an alternative explanation for these 
discrepancies. 

Intratumor heterogeneity has been 
demonstrated in many tumors, not only 
as far as morphological characteristics 
are concerned but also regarding cytoge
netic aberrations ranging from large 
chromosomal abnormalities to point 
mutations in genes such as p53 [14,29-
35]. The 3 cases with the discrepant 
findings of a p53 IC-negative tumor and 
p53 IC-positive cytology may also be ex
plained by the presence of intratumor 
heterogeneity for p53 overexpression. 
Unfortunately, there was no additional 
tissue available to demonstrate that this 
was the case. However, in a previous 

study we were indeed able to demon
strate that intratumor heterogeneity for 
p53 irmiiuriostaining may account for 
'false positive' cytology [14]. 

Higher sensitivities have been re
ported for both conventional cytology and 
p53 immunocytology for the diagnosis of 
pancreatic cancer [16-17]. This can be 
explained by different inclusion criteria 
used in these studies. The authors ex
amined a series of patients with pancre
atic carcinoma or chronic pancreatitis in 
which selective brushing of the pancre
atic duct stenosis was performed. Thus, 
patients were selected on an established 
diagnosis, and the possibility to pass the 
brushing device through the pancreatic 
duct which can be difficult in certain 
cases. Our study is essentially different. 
A consecutive series of patients were in
cluded with a prominent extrahepatic bile 
duct stenosis from which endobiliary 
brush cytology preoperatively was ob
tained to differentiate between a malig
nant or benign cause of the bile duct 
stenosis. This is in fact the clinical set
ting mostly encountered and for which 
additional molecular markers would be of 
great importance. 

In case of pancreatic carcinoma, the 
bile duct stenosis may be caused by ex
ternal compression from the tumor rather 
than direct transmural growth. As a re
sult the tumor is not brushed directly in 
contrast to bile duct carcinomas and the 
yield of tumor cells will be low. Both, 
conventional cytology and p53 immuno
cytology will be dependent on the yield of 
malignant cells and the quality of these 
cells in the brush cytology specimens. 
This is illustrated by the higher sensitiv
ity of conventional cytology and p53 im
munocytology for the diagnosis of 
carcinoma arising from the bile duct itself 
as compared to pancreatic carcinoma 
[36]. Forty percent of the bile duct carci
nomas were diagnosed with p53 immu
nocytology versus 9% of the pancreatic 
carcinomas. Also, the additional diagnos
tic value was higher in bile duct carci
noma, 20% versus 9%. 

More sensitive PCR based tech
niques to detect cancer specific molecular 
alterations have probably more potential 
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to increase the diagnostic yield of cytol
ogy specimens, but most of these tech
niques are still too complicated to use on 
a large scale within a routine clinical set
ting. In individual cases additional p53 
imrnunostaining performed on endobili-
ary brush cytology may certainly be 
helpful in determining further diagnostic 
or therapeutic strategies in patients with 
extrahepatic bile duct stenosis, particu
larly in patients with bile duct carcinoma. 
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ABSTRACT 
It can be difficult to distinguish benign bile duct proliferations (BDPs) from well-differentiated metastatic 
peripancreatic adenocarcinomas on histological ground alone. Most peripancreatic carcinomas harbor 
activating point mutations in codon 12 of the K-ras oncogene, suggesting that K-ras mutational status 
may provide a molecular basis for distinguishing BDPs from liver metastases. The ability of tests for 
mutations in codon 12 of K-ras to make this distinction was examined in a two-part study. 

In the first part we determined the K-ras mutational status of 56 liver lesions and 48 primary 
peripancreatic adenocarcinomas obtained from 48 patients. In the second part of this study an additional 
45 liver lesions were studied. 

In the first 48 patients, activating point mutations in codon 12 of the K-ras were detected in 28 
(61%) of the 46 primary carcinomas, in 8 (100%) of 8 liver metastases, in 2 (6.5%) of 31 BDPs, and in none 
(0%) of 14 liver granulomas. Three BDPs from 3 of the 48 patients did not amplify. Two of these were 
therefore excluded from further analysis, the third patient had a second liver lesion and remained in the 
series. To further estimate the prevalence of K-ras mutations in BDPs we analyzed an additional series of 
45 mostly incidental BDPs for K-ras mutations. Three (6.7%) of these 45 harbored K-ras mutations. 

These results suggest that K-ras mutations may be useful in distinguishing BDPs from 
metastases in the liver; however, there is some overlap in the mutational spectra of BDPs and pancreatic 
carcinomas. 





Introduction 
Malignancies in the region of the head of 
the pancreas, including cancers of the 
pancreas, duodenum, ampulla of Vater, 
and distal common bile duct, are among 
the most deadly cancers. Surgical resec
tion has emerged as an effective treatment 
for these malignancies, but surgery is 
effective only in patients with localized 
disease [1]. Palliative bypass without re
section of the primary is generally the 
treatment of choice for patients with liver 
metastases at the time of laparotomy. 
Despite the clinical importance of identi
fying liver metastases, benign bile duct 
proliferations (BDPs) may mimic liver 
metastases, and clinical and histopatho-
logical judgement as to the nature of liver 
lesions encountered at the time of lapa
rotomy is frequently in error [2,3]. 

The two most common benign BDPs 
in the liver are bile duct adenomas and 
bile duct hamartomas. Bile duct adeno
mas, also called benign cholangiomas, are 
well demarcated, subcapsular prolifera
tions of bile ductules [4,5]. The ductules 
are typically lined by cuboidal to low-
columnar epithelial cells. These cells lack 
significant nuclear atypia and have a low 
mitotic rate [4,5]. Vascular and lymphatic 
invasion are, by definition, not present. 
Bile duct hamartomas, also called von 
Meyenburg complexes, are frequently 
multiple and are characterized by a prolif
eration of ectatic bile ducts that often 
contain bile [6-8]. Unfortunately, metasta
ses from adenocarcinomas of the region of 
the head of the pancreas can be very well 
differentiated, and it can be difficult to 
distinguish between a BDP and a meta
static carcinoma [4,9]. For example, Al
laire et al. Reviewed 152 bile duct 
adenomas in the files of the Armed Forces 
Institute of Pathology and found that the 
contributing pathologist's diagnosis for 35 
of the 152 cases was metastatic adeno
carcinoma and that adenocarcinoma was 
raised in the differential diagnosis in an
other 20 cases [4]. Thus, in over one-third 
of the cases reviewed, even with the bene
fit of histological examination, adenocar
cinoma remained in the differential 
diagnosis. Clearly, new tests need to be 
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developed to distinguish benign BDPs 
from metastatic adenocarcinomas in the 
liver [4,5,10,11]. 

Molecular biology techniques can be 
used to characterize a neoplasm, and the 
genetic alterations in a neoplasm can, in 
turn, be used to suggest that a population 
of cells originated from that neoplasm, 
even in cases in which the neoplastic cells 
are admixed with much larger numbers 
on non-neoplastic cells [12]. For example, 
mutations in K-ras have been used to 
identify cells shed from pancreatic can
cers in pancreatic juice samples, in cyto-
logical preparations, and in stool and 
blood specimens [13-16]. K-ras is a par
ticularly attractive target for determining 
whether a collection of cells arose from a 
peripancreatic primary primary for several 
reasons. First, most peripancreatic neo
plasms harbor mutations in K-ras [17-
20], suggesting that K-ras will be a sensi
tive genetic marker. Second, mutations in 
this oncogene are essentially limited to a 
single codon, and so a limited number of 
probes can be used to detect these muta
tions, greatly simplifying the analysis [17]. 

The purpose of this study was to 
determine whether molecular tests for 
activating point mutations in codon 12 of 
K-ras could be used to distinguish be
tween benign BDPs and metastatic ade
nocarcinomas in patients with peri
pancreatic adenocarcinomas. 

Materials and Methods 

Patient Selection and Tumor Material 
The files (from March 20, 1984, through 
October 7, 1995) of the Division of Surgi
cal Pathology of The Johns Hopkins Hos
pital were searched for cases in which the 
terms pancreas, liver, and adenocarci
noma appeared. The pathological diagno
ses from the cases identified in this 
search were then reviewed, and cases 
were selected in which the patient had 1) 
a liver biopsy that interpreted to show a 
BDP, a granuloma, or a metastatic adeno
carcinoma and 2) an adenocarcinoma of 
the pancreas, duodenum, distal common 
bile duct, or ampulla of Vater. All avail
able histopathological slides were re-
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viewed, and the liver lesions were classi
fied histologically into five groups as fol
lows: 1) granulomas, 2) bile duct 
hamartomas, 3) bile duct adenomas, 4) 
metastases, and 5) scars with benign 
BDPs [4-8]. Clinical and follow-up infor
mation was obtained from the Pancreas 
Cancer Database in the Department of 
Surgery. 

Detection of Mutations in K-ras 
Formalin-fixed and paraffin-embedded 
tissue blocks of the primary carcinomas 
and of the liver lesions were evaluated for 
point mutations of codon 12 of the K-ras 
gene. All analyses were performed without 
the knowledge of histopathological diag
noses. 

Areas containing the lesions to be 
evaluated were scraped off 5 |im micro
scopic slides and collected in DNA isola
tion buffers. DNA was isolated as 
described by Wright and Manos [21]. The 
protocol used to analyze the tissue for 
point mutations in codon 12 of K-ras has 
been described in detail elsewhere [22-
24]. Briefly, DNA isolated from the clinical 
specimens was subjected to polymerase 
chain reaction (PCR) amplification using 
primers A (5*-ACT GAA TAT AAA CTT GTG 
GTA GTT GGA 001-31 and D (5'-TCA TGA 
AAA TGG TCA GAG AAA CC-3% A 1 jil 
aliquot of the first PCR was then sub
jected to a second round of amplification 
using the semi-nested primers A and B 
(5'-TCA AAG AAT GGT CCT GGA CC-31. 
The resulting DNA fragments were then 
spot-blotted onto seven different nylon 
membranes, and each of these separate 
membranes was hybridized with an allele-
specific oligonucleotide (ASO) probe for 
the wild-type K-ras sequence or for one of 
the six possible activating point mutations 
in codon 12 of K-ras [22-24]. Positive 
controls included cloned wild-type and 
mutant sequences, and no DNA was 
added in the negative controls [24]. AH 
ASO analyses were performed in dupli
cate. 

Sequencing K-ras 
In selected cases the mutations identified 
by ASO hybridization were confirmed by 
direct sequencing. The sequence of codon 
12 was determined by automated fluores

cent DNA sequencing, using the dideoxy 
chain termination method [25]. Mutant-
enriched PCR products were used for cy
cle sequencing. In the first round of am
plification of K-ras codon 12, a 
mismatched primer (primer A) was used 
to generate a restriction site in PCR prod
ucts with the wild-type sequence. After 
digestion of the PCR products with the 
restriction enzyme Mval, a second round 
of PCR amplification was performed using 
primers A and B, yielding a mutant-
enriched PCR product [24]. The products 
were purified using the QIAEX gel extrac
tion kit (QIAGEN, Chatsworth, CA) fol
lowing the manufacturer's protocol and 
sequenced using primers A and B and the 
Dye Terminator Cycle Sequencing Ready 
Reaction (Perkin Elmer, Foster City, CA) 
according to the manufacturer's manual. 
The sequencing reaction products were 
analyzed on 5% Long Ranger gel (FMC 
Bioproducts, Rockland, ME) on an ABI 
Prism 377 DNA sequencer (Perkin Elmer). 

Selection of Additional Benign Bile Duct 
Proliferations 
The results of our analysis of this initial 
series of patients prompted us to collect 
additional liver lesions so that the preva
lence of K-ras mutations in benign BDPs 
could be estimated more accurately. 
Forty-five additional BDPs (bile duct ade
nomas and hamartomas) were collected 
from the files of the Department of Pa
thology of The University of Leiden, The 
Erasmus University in Rotterdam, The 
Academic Medical Center in Amsterdam, 
and The Johns Hopkins Hospital in Bal
timore. These additional cases were se
lected solely on the basis that the patient 
had a histopathologically documented 
BDP that was not included in the first 
series. Most of these BDPs represent inci
dental findings not associated with a 
peripancreatic neoplasm. These 45 addi
tional cases of BDPs were evaluated for 
mutations in codon 12 of the K-ras onco
gene using the ASO hybridization tech
nique. 
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Results 

Forty-eight patients met the criteria for 
inclusion in the initial portion of this 
study. In 2 of these 48 patients, the only 
liver lesions available did not amplify in 
the K-ras analyses. These two cases were 
not included in further analyses. One of 
the forty-six remaining patients had two 
liver lesions, one of which did not amplify. 
This patient was included in the analyses 
because of the presence of a second liver 
lesion from the same patient that did am
plify. 

The forty-six patients ranged in age 
from 41 to 82 years (mean 64.9). Twenty-
seven were male, and nineteen were fe
male. Twenty-nine of the forty-six patients 
had an adenocarcinoma of the pancreas, 
ten an adenocarcinoma of the ampulla of 
Vater, three a duodenal adenocarcinoma, 
three a bile duct adenocarcinoma, and 
one a mucinous cystadenocarcinoma of 
the pancreas. 

Fifty-four liver lesions were analyzed 
from the forty-six patients. Two patients 
had three separate liver lesions, and four 
patients had two separate liver lesions. 
The remaining forty patients had a single 
liver lesion. Thirteen of the fifty-four liver 
lesions were histologically classified as 
bile duct adenomas, fourteen as hamar
tomas (Figure 7), fourteen as granulomas, 
five as scars with benign BDPs, and eight 
as metastases [4,5]. 

During the period of time that these 
46 patients were operated on at The 
Johns Hopkins, 911 patients underwent a 
pancreaticoduodenectomy for an epithe
lial malignancy at The Johns Hopkins 
Hospital. Thus approximately 5% of pa
tients who underwent a pancreaticoduo
denectomy at The Johns Hopkins Hospital 
for a peripancreatic carcinoma had an 
epithelial liver lesion identified at the time 
of surgery. 

K-ras Mutational Status in Primary 
Neoplasms (Table 1) 
The K-ras mutational status of the 46 
primary carcinomas was determined by 
PCR and ASO hybridization. Activating 
point mutations in codon 12 of the K-ras 
oncogene were identified in 21 (72%) of 

the 29 pancreatic adenocarcinomas, in 4 
(40%) of the 10 ampullary adenocarcino
mas, in 1 (33%) of the 3 duodenal adeno
carcinomas, and in 2 (67%) of the 3 bile 
duct adenocarcinomas. The mucinous 
cystadenocarcinoma of the pancreas was 
wild-type. In 15 of the cancers the normal 
GGT sequence (glycine) was mutated to 
GAT (aspartic acid), in 7 it was mutated to 
GTT (valine), in 4 it was mutated to CGT 
(arginine), and in 1 it was mutated to TGT 
(cysteine) and in 1 to GCT (alanine). A 
representative dot-blot is shown in Figure 
8. 

Mutations were not detected in the 
negative controls, and the appropriate 
mutations were detected in each of the 
positive controls (Figure 8). 

K-ras Mutational Status of the Liver Lesions 
(Table 1) 
The K-ras mutational status of 53 of the 
54 liver lesions could be determined by 
ASO hybridization. Activating point mu
tations in codon 12 of K-ras were identi
fied in all 8 of the liver metastases, in 
none of the 14 granulomas, and in 2 
(6.5%) of the 31 benign BDPs with ampli-
fiable DNA. The mutations in the eight 
liver metastases were identical to those in 
the patients' corresponding primary car
cinomas. 

Both histologically benign BDPs 
with mutations were bile duct adenomas. 
In one of these two bile duct adenomas, a 
GGT to GAT (aspartic acid) mutation was 
found, and the identical mutation was 
present in that patient's primary pancreas 
cancer. This patient's primary carcinoma 
and liver lesion were biopsied only, and 
the patient died 5 months later of disease. 
The liver lesion and the primary pancre
atic carcinoma are illustrated in Figure 9, 
and histopathological review of the liver 
lesion by three independent pathologists 
confirmed that it met all histopathological 
criteria for a bile duct adenoma [4,5]. The 
second patient with a bile duct adenoma 
with a K-ras mutation had two separate 
BDPs. One was an adenoma, and it har
bored a GGT to GTT (valine) mutation, 
whereas the second BDP was wild-type, 
as was this patient's primary pancreas 
cancer. This patient's primary carcinoma 
and liver lesions were biopsied only, and 
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TABLE 1 
K-ras mutations Identified In the original series of 46 patients 

Total 
Wild-type 

(GGT) Mutant 

Type of mutation 

Total 
Wild-type 

(GGT) Mutant 
Aspartic acid 

(GAT) 
Valine 
(GTT) 

Arginine 
(CGT) 

Cysteine 
(TGT) 

Alanine 
(GCT) 

Not 
amplifiable 

Adenocarcinoma of the 29 8 21 11 6 2 1 1 0 
pancreas 

Adenocarcinoma of the 10 6 4 2 1 1 0 
ampulla 

Adenocarcinoma of the 3 2 1 1 0 
duodenum 

Adenocarcinoma of the 3 1 2 1 1 0 
distal common bile duct 

Mucinous 1 1 0 0 
cystadenocarcinoma 

Metastases 8 0 8 3 2 2 1 0 
Granuloma 14 14 0 0 
Adenoma 13 11 2 1 1 0 
Hamartoma 14 13 0 1 
Scars with BDPs 5 5 0 0 

the patient died 23 months later of dis
ease. Again, histopathological review of 
the liver lesion with mutant K-ras by 
three independent pathologists confirmed 
that the liver lesion met all histopatho
logical criteria for a bile duct adenoma 
[4,5]. 

Six patients had multiple liver le
sions biopsied. As noted previously, one of 
the liver lesions from a patient with two 
lesions did not amplify, and one patient 
with two BDPs was found to have an ade
noma with a GGT to GTT (valine) muta
tion, whereas the second BDP was wild-
type. The multiple liver lesions examined 
from the remaining four patients were all 
wild-type. 

All thirteen hamartomas with am
plifiable DNA were wild-type, as were all 
five scars with BDPs. 

K-ras Sequencing 
In 11 cases the mutations identified by 
ASO hybridization were confirmed by di
rect sequencing. In all cases the direct se
quencing confirmed the mutational status 
identified by ASO hybridization. A repre
sentative sequence analysis is shown in 
Figure 10. 

Analyses of Additional Benign Bile Duct 
Proliferations 

The results of this initial series of patients 
prompted u s to examine additional his
tologically benign BDPs for mutations in 
codon 12 of the K-ras oncogene. Forty-five 
additional BDPs were therefore collected 
and analyzed by ASO hybridization. Three 
(6.7%) of these forty-five BDPs harbored 

activating point mutations in codon 12 of 
K-ras. Mutations were identified in 2 
(6.1%) of the 33 bile duct hamartomas 
and in 1 (8.3%) of the 12 bile duct ade
nomas. In all three cases, the normal 
wild-type GGT was mutated to GAT. One 
of the two patients with a bile duct ham
artoma with a K-ras mutation was surgi
cally explored for a serous cystadenoma, 
and the other for a cholangiocarcinoma. 
The patient with a bile duct adenoma with 
mutant K-ras was explored because of a 
clinical suspicion of a Klatskin tumor. The 
primary neoplasms of these three patients 
were not analyzed. 

Combined Series 
A total of 101 liver lesions from 93 pa
tients were therefore analyzed for muta
tions in codon 12 of the K-ras oncogene. 
In this combined series of patients, acti-
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vating point mutations of K-ras were 
found in 3 (12%) of the 25 lesions classi
fied as bile duct adenomas, in 2 (4.3%) of 
the 46 lesions classified as bile duct ham
artomas, in none (0%) of the 14 lesions 
classified as granulomas, in none (0%) of 
the 5 lesions classified as scars with as
sociated BDPs, and in 8 (100%) of the 8 
lesions histologically classified as metas
tases of the liver. Three lesions classified 
as bile duct hamartomas did not amplify. 

Discussion 
Benign BDPs in the liver include bile duct 
adenomas and bile duct hamartomas. 
Well-differentiated metastatic adenocar
cinomas can mimic both of these lesions, 
and conversely, benign BDPs can mimic 
metastatic adenocarcinoma [4,9]. It is 
therefore not surprising that benign BDPs 
have been misdiagnosed as metastases in 
patients with known malignant neo
plasms [2,3,4,10,26]. The consequences of 
confusing these two processes in patients 
with a peripancreatic carcinoma can be 
great. Patients with a localized carcinoma 
could receive palliative instead if curative 
surgery, or conversely, patients with un
resectable metastatic disease might un
dergo unnecessary radical surgery. 
Clearly, our ability to distinguish between 
these two processes needs to be improved. 

K-ras oncogene mutations are an 
attractive target to distinguish benign 
BDPs from metastatic adenocarcinomas 
for a number of reasons. First, if both the 
primary and the liver lesions are available 
for analysis, one can directly compare the 
genetic alterations present in each, 
thereby reducing the need to rely on an 
observer's interpretation of phenorype 
[12]. Second, the majority of peripancre
atic adenocarcinomas harbor K-ras mu
tations, suggesting that K-ras could be a 
sensitive marker for the presence of cells 
originating from a peripancreatic primary 
[17-20]. Third, K-ras mutations, in peri
pancreatic adenocarcinomas, are essen
tially restricted to a single codon, codon 
12, and so a limited number of probes can 
be used to detect these mutations, greatly 
simplifying the analysis [17]. Finally, K-

ras mutations have already been suc
cessfully used to detect cells shed from 
peripancreatic cancers. K-ras mutations 
have been used to detect pancreatic can
cer cells in pancreatic juice samples, in 
cytological and histological preparations, 
and in stool and blood specimens [13-
16,27-30]. Mutant K-ras, because of its 
prevalence and ease of detection, is an 
ideal genotypic marker of cells originating 
from a peripancreatic primary. 

We examined the utility of molecular 
analyses for activating point mutations in 
codon 12 of K-ras in distinguishing be
nign BDPs from metastases. This study 
was conducted in two parts. In the first 
part we determined the K-ras mutational 
status of 48 primary carcinomas and 56 
liver nodules from 48 patients who had a 
peripancreatic adenocarcinoma and who 
also underwent a liver biopsy. In two pa
tients the only liver tissue available did 
not amplify, leaving 46 patients with 54 
liver lesions for analysis. We found that 
all eight liver metastases harbored mutant 
K-ras, and in all eight of these cases the 
same mutation was present in the corre
sponding primary adenocarcinoma. This 
observation confirms that K-ras muta
tions can serve as a relatively sensitive 
genotypic marker for the presence of me
tastases from a peripancreatic primary. 

Although K-ras mutations appear to 
be a sensitive marker for the presence of a 
metastasis, they may not be absolutely 
specific. For example, in the pancreas, 
noninvasive duct lesions have been shown 
to harbor K-ras mutations [27]. Indeed, in 
this initial series of patients we identified 
activating point mutations in codon 12 of 
K-ras in 2 (4.5%) of the 45 histologically 
benign liver lesions with amplifiable DNA. 
These two mutations do not appear to be 
the result of PCR errors. First, in both 
cases the PCR was repeated, and the 
same mutation was identified in the re
peat PCR. Second, we did not encounter 
any PCR-induced codon 12 mutations in 
the wild-type controls or in the granulo
mas that were included in the analyses. 

Both of the histologically benign 
BDPs with mutant K-ras were classified 
as bile duct adenomas. This finding sug
gests either that our histological classifi
cation of these two lesions was in error, 
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that the lesions were in fact very well dif
ferentiated metastases, or that bile duct 
adenomas may harbor activating point 
mutations in K-ras. It is unlikely that the 
two bile duct adenomas were simply mis-
classified for three reasons. First, three 
independent pathologists agreed on the 
histopathological diagnoses. Second, in 
both cases the primary carcinomas ex
pressed carcinoembryonic antigen, 
whereas the lesions classified as bile duct 
adenomas did not. Third, in one of the 
two cases the primary peripancreatic car
cinoma was wild-type, whereas the bile 
duct adenoma harbored a GGT to GTT 
(valine) mutation. Thus, it would appear 
that bile duct adenomas can, in fact, 
rarely harbor activating point mutations 
in K-ras. 

To confirm this finding we deter
mined the K-ras mutational status of an 
additional 45 benign BDPs. Three (6.7%) 
of these forty-five lesions harbored acti
vating point mutations in K-ras. When 
one combines the two series of patients, 
K-ras mutations were found in all 8 me
tastases and in 5 (6.6%) of 76 benign 
BDPs (P < 0.001, Fisher's exact test). 
These 5 cases included 3 (12%) of 25 le
sions classified as bile duct adenomas 
and 2 (4.3%) of 46 lesions classified as 
bile duct hamartomas. All 5 lesions clas
sified as scars with benign BDPs and all 
14 granulomas were wild-type. 

These findings have several impli
cations. First, the nature of bile duct ade
nomas and hamartomas has been 
debated with some authors suggesting 
that they are reactive processes [4], 
whereas others have suggested that they 
are neoplastic [5], If one uses the defini
tion of a neoplasm as a clone of cells with 
a mutation in a cancer-causing gene, then 
the finding of mutant K-ras in a minority 
of these lesions suggests that at least 
some are neoplastic and not reactive. This 
conclusion is supported by isolated case 
reports of malignant degeneration of bile 
duct adenomas [31-33]. Second, from a 
more practical point of view, although the 
finding of a K-ras mutation in a glandular 
lesion in the liver is suggestive of a me
tastasis, it is not diagnostic. Benign BDPs 
may rarely harbor activating point muta
tions in K-ras. Furthermore, because 

there are only a limited number of possi
ble mutations at codon 12 of K-ras, be
nign BDPs in the liver and an unrelated 
peripancreatic cancer may rarely even 
harbor the same mutation. 

In conclusion, the vast majority 
(>90%) of benign BDPs in the liver do not 
harbor activating point mutations in co
don 12 of K-ras. In contrast, most me
tastases from peripancreatic primary 
adenocarcinomas will harbor these muta
tions. These results suggest that K-ras 
mutational analysis will be helpful in dis
tinguishing a metastasis from a benign 
process. There is, however, some overlap 
in the mutational spectra of BDPs and 
pancreatic carcinomas. Additional, more 
specific, molecular markers will therefore 
be needed before molecular testing can be 
definitively used to distinguish benign 
BDPs from metastatic well-differentiated 
adenocarcinomas. 
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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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ABSTRACT 
Osteoclast-like giant cell tumors (OCGTs) of the pancreas and liver are enigmatic tumors. Despite their 
striking morphologic resemblance to certain mesenchymal tumors of bone and tendon sheath, it has 
been suggested that these tumors may, in fact, arise from the epithelial precursors. It is also unclear 
whether the osteoclast-like giant cells in OCGTs are neoplastic or nonneoplastic. 

We identified OCGTs of the pancreas and liver that were associated with intraductal epithelial 
proliferations or mucinous cystic neoplasms. To determine the relationship between the noninvasive 
epithelial proliferations and the infiltrating OCGTs, each individual component was analyzed for 
mutations at codon 12 of the K-ras oncogene. 

Four of the five-duct epithelial lesions harbored activating mutations of the K-ras oncogene. In 
each case, the same K-ras mutation was also present in the mononuclear cells from the paired OCGT. 
Moreover, these same mutations were detected when the osteoclast-like giant cells were individually 
microdissected and analyzed. A panel of immunohistochemical stains was performed and the 
osteoclast-like cells demonstrated macrophage differentiation. These cells were consistently reactive for 
the monocyte/macrophage marker KP1, but showed absent staining for a panel of epithelial markers. The 
infiltrating mononuclear cells lacked strong staining for epithelial markers and monocyte/macrophage 
markers. 

These findings suggest that OCGTs of the pancreas and liver are undifferentiated carcinomas that 
arise directly from intraductal epithelial precursors. The finding of K-ras mutations in the osteoclast-like 
giant cells may reflect their propensity to phagocytize tumor cells. 





K-ras mutations in osteoclast-like giant cell tumors 

Introduction 
Giant cells are sometimes noted in neo
plasms of the pancreas and liver. In ana
plastic giant cell carcinomas, bizarre 
multinucleated giant cells are believed to 
represent pleomorphic forms of the ma
lignant epithelial cells [31]. At the other 
extreme, macrophages and foreign-body-
type giant cells may occasionally be re
cruited into areas of hemorrhage and ne
crosis in an otherwise typical infiltrating 
carcinoma. In these cases, the giant cells 
represent a reactive infiltration of macro
phages and not an intrinsic neoplastic 
element. In 1968, Rosai described an un
usual type of primary pancreatic tumor, 
the osteoclast-like giant cell tumor 
(OCGT), which closely resembles giant cell 
tumor of bone [28]. These tumors are 
composed of benign-appearing osteoclast-
like giant cells dispersed among infiltrat
ing mononuclear cells. OCGTs have now 
been recognized in other extraskeletal 
sites including the liver [1,15,16,26,29]. 

Opinions regarding the origin and 
nature of extraskeletal OCGTs are diverse 
and conflicting. Initial observations sug
gested an acinar origin for pancreatic 
OCGTs [18,28] and a hepatocytic origin 
for those tumors arising in the liver [15]. 
Others have rejected the epithelial origin 
of extraskeletal OCGTs altogether, and 
regard these tumors as mesenchymal 
neoplasms [15,26]. Conventional investi
gative modalities have not settled this 
dispute. With equal enthusiasm, investi
gators have used ultrastructural features 
and irnrnunohistochemical findings to 
support opposing points of view. Likewise, 
there is no consensus regarding the fun
damental nature of the osteoclast-like 
giant cell. Initially regarded as an intrinsic 
tumor component formed by the fusion of 
mononuclear tumor cells, osteoclast-like 
giant cells are now believed to be bone-
marrow-derived monocytes that are sec
ondarily recruited into the tumor 
[9,21,29]. 

Recent molecular genetic findings 
have shifted the balance again in favor of 
epithelial origin. Mutations at codon 12 of 
K-ras oncogene are highly characteristic 
of pancreatic adenocarcinomas [14,17] 

and seven of eight pancreatic OCGTs so 
far evaluated have harbored such K-ras 
mutations, suggesting a common route to 
malignant transformation and a shared 
histogenesis [12,19]. The view that OCGTs 
arise from duct epithelial precursors is 
supported by the association of pancreatic 
OCGTs wit atypical duct hyperplasias 
[13], cystadenomas [23], and invasive 
adenocarcinomas [3,31,31]. As independ
ent observations, however, these findings 
do not provide indisputable evidence for 
the ductal origin of OCGTs. Mutations of 
the K-ras oncogene are not specific for 
neoplasms of pancreatic duct origin and 
the rare association of OCGT and precur
sors lesions of the duct epithelium may be 
coincidental. 

We identified five tumors in which 
OCGTs were closely associated with a 
mucinous cystic neoplasm or with atypi
cal epithelial proliferations of the pancre
atic or intrahepatic ducts. The purpose of 
this study was to determine whether the 
genetic changes in the noninvasive duct 
epithelial proliferations are also present in 
the infiltrating OCGTs. Mutations of the 
K-ras oncogene are good markers because 
they are common and early genetic events 
in pancreatic adenocarcinomas [5,8,25]. 
Our approach, therefore, was to microdis-
sect each component of these OCGTs and 
individually analyze them for K-ras muta
tions. 

Materials and Methods 

Cases 
Five OCGTs of the pancreas or liver with 
associated atypical proliferations or with 
an associated mucinous cystic neoplasm 
were retrieved from the surgical pathology 
files of three different medical institutions. 
Pleomorphic giant cell carcinomas are 
generally regarded as aggressive and ana
plastic variants of duct adenocarcinomas. 
Therefore, tumors were not included in 
the study of the giant cells displayed ana
plastic features. In all cases, tissues had 
been fixed in 10% neutral buffered forma
lin, embedded in paraffin, and stained 
with hematoxylin and eosin. All available 
studies were examined, and at least one 
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representative tissue block was selected 
for immunohistochemical analysis and 
DNA isolation. As controls, five giant cell 
tumors of tendon sheath were also re
trieved for molecular analysis. 

Immunohistochemical Staining 
Immunohistochemical studies were per
formed using the avidin-biotin-peroxidase 
technique. The tissue sections were incu
bated with an extensive panel of antibod
ies (Table 1). 

TABLE 1 
Antibodies used in this study 

Antibody Type Source Dilution 

Epithelial membrane 
antigen (EMA) M DAKO 1:1000 
Cytokeratin AE1AE3 M BM 1:2000 
Cytokeratin 902 M ENZO 1:20 
Cytokeratin 903 M ENZO 1:50 
KP1 M DAKO 1:4000 
MAC 287 M DAKO 1:200 
HAM 56 M DAKO 1:200 
p53 M DAKO 1:100 

M, monoclonal; P, polyclonal; BM, Boehringer Mannheim 

DNA Extraction 
Microdissection was performed so that 
each of the different components of the 
tumors could be separately analyzed for 
K-ras mutations. In each case, four sepa
rate components were microdissected 
from individual slides prepared from for
malin-fixed paraffin-embedded tissues 
using a sterile scalpel blade tip. These 
components included: (1) nonneoplastic 
tissues that served as controls; (2) nonin
vasive duct epithelial proliferations; (3) 
areas of the OCGTs that were rich in in
filtrating mononuclear cells (> 75%) and 
poor in osteoclast-like giant cells; and (4) 
individual osteoclast-like giant cells. In 
one of the cases, an adenocarcinoma was 
also present, and this infiltrating carci
noma was also separately microdissected. 
In an effort to avoid contamination, only 
those areas where the OCGTs and the 
intraductal proliferations were spatially 
separated were microdissected, Because 
of the intimate admixture of osteoclast-
like giant cells and the mononuclear cells, 
the giant cells were manually disassoci

ated from the main tumor, and then indi
vidually collected for DNA extraction. An 
example of microdissection targeting an 
osteoclast-like giant cell is shown in Fig
ure 14. DNA was extracted as previously 
described with careful attention to poly
merase chain reaction (PCR)-clean tech
nique [33]. 

PCR Amplification and Detection of K-ras 
Mutations 
The protocol used to analyze the tissue for 
point mutations in codon 12 of K-ras has 
been described in detail elsewhere [30]. 
Briefly, DNA isolated from the clinical 
specimens was subjected to PCR amplifi
cation using primers A (5'-ACT GGA TAT 
AAA CTT GTG GTA GTT GGA CCT-SI and 
D (5'-TCA TGA AAA TGG TCA GAG AAA 
CC-3"). Primer A introduces an enzyme 
restriction site in the PCR products de
rived from wild-type codon 12 alleles but 
not in those derived from mutant codon 
12 alleles. After digestion of these PCR 
products with the enzyme Mval, a 1 |il 
aliquot was then subjected to a second 
round of amplification using the semi-
nested primers A and B (5'-TCA AAG AAT 
GGT CCT GGA CC-3") generating mutant-
enriched PCR products. The resulting 
single-stranded PCR products were dot-
blotted onto seven different nylon mem
branes, and each of these separate mem
branes was hybridized with an allele-
specific oligonucleotide probe for the wild-
type K-ras sequence or for one of the six 
possible activating point mutations in 
codon 12 of K-ras. Adequate digestion and 
mutant-enrichment was determined by 
dot-blotting nondigested and digested 
PCR products next to each other. Positive 
controls included cloned wild-type and 
mutant sequences, and no DNA was 
added in the negative controls. 

Results 

Histology 
The OCGTs were composed of ovoid to 
spindle-shaped infiltrating mononuclear 
cells and scattered multinucleated giant 
cells. The mononuclear cells demon-
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TABLE 2 
Immunohistochemical findings 

Case no. Tumor component AE1/AE3 CK902 CK903 EMA KP1 HAM56 MAC387 P53 

Duct lesion 
Noninvasive 
Invasive 

0C6T 
Mononuclear cells 
Giant cells 

Duct lesion 
Noninvasive 

OCGT 
Mononuclear cells 
Giant cells 

Duct lesion 
Noninvasive 

OCGT 
Mononuclear cells 
Giant cells 

Duct lesion 
Noninvasive 

OCGT 
Mononuclear cells 
Giant cells 

Duct lesion 
Noninvasive 

OCGT 
Mononuclear cells 
Giant cells 

+ + 

-, weak and focal staining; ++, moderate and focal staining; +++, strong and diffuse staining; OCGT, osteoclast-like giant cell tumor. 

strated varying degrees of cytologic atypia. 
In contrast, the multinucleated giant cells 
had uniformly bland cytologic features 
without significant pleomorphism or ap
preciable mitotic activity. They resembled 
true osteoclasts. Phagocytosis by the os
teoclast-like giant cells was a prominent 
histologic feature. Their cytoplasm con
tained hemosiderin and, in some in
stances, engulfed mononuclear cells (Fig. 
15). 

Of the five cases of OCGTs, one case 
arose in the liver (Fig. 16) and was associ
ated with markedly atypical duct hyper
plasia of the intrahepatic bile ducts (Fig. 
17). The four other OCGTs arose in the 
pancreas. Two of the pancreatic OCGTs 
arose in association with a mucinous 
cystadenocarcinoma, and those cystic 
tumors were characterized by a predomi
nant noninvasive cystic epithelial compo
nent and a minor component of 
infiltrating adenocarcinoma (Fig. 18). The 
other two pancreatic OCGTs arose in as
sociation with moderately atypical papil
lary hyperplasia of the pancreatic duct 

epithelium, but infiltrating duct carcino
mas were not present. In all cases, there 
were some areas where the OCGT and the 
noninvasive duct epithelial proliferations 
were closely associated. 

Immunohistochemistry 
In all cases, the intraductal lesions and 
the OCGTs showed divergent differentia
tion by irnmunohistochemistry (Table 2 
and Fig. 19). The duct epithelial prolifera
tions were strongly immunoreactive for 
the epithelial marker AE1/AE3, and they 
were nonimmunoreactive for a panel of 
histiocyte markers. In contrast, the osteo
clast-like giant cells were uniformly and 
strongly immunoreactive for the macro
phage marker KP1, but did not stain with 
any of the epithelial markers (Fig. 19). The 
infiltrating mononuclear cells did not 
show definite differentiation by immuno
histochemistry. In two of the OCGTs 
(cases 1 and 2), weak immunoreactivity 
for epithelial membrane antigen was 
noted in some of the mononuclear cells. 
In all five OCGTs, the mononuclear cells 
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were immunoreactive for KP1, but stain
ing was weak and focal. P53 protein ac
cumulation was not observed in any of 
the duct epithelial proliferations or in 
their paired OCGTs. 

TABLE 3 
Mutational status of individually microdissected 
tumor components 

K-ras status 
Tumor component at codon 12 

Case 1 
Noninvasive duct lesion CGT 
AC CGT 
Mononuclear cells CGT 
Osteoclast-like giant cells CGT 

Case 2 
Noninvasive duct lesion GTT 
Mononuclear cells GTT 
Osteoclast-like giant cells GTT 

Case 3 
Noninvasive duct lesion GTT 
Mononuclear cells GTT 
Osteoclast-like giant cells GTT 

Case 4 
Noninvasive duct lesion GTT 
Mononuclear cells GTT 
Osteoclast-like giant cells GTT 

Case 5 
Noninvasive duct lesion WT 
Mononuclear cells WT 
Osteoclast-like giant cells WT 

AC, infiltrating adenocarcinoma; WT, wild-type (GGT sequence); GTT, 
valine sequence; CGT, arginine sequence. 

K-ras Mutational Analysis 
The results of K-ras analysis are summa
rized in Table 3 and shown in Figure 20. 
The infiltrating mononuclear cells in four 
of the five OCGTs harbored activating 
mutations at codon 12 of the K-ras onco
gene. Three of these mutations (cases 2, 3 
and 4) were G to T transversions at posi
tion 2, changing the normal glycine resi
due to a valine residue. The other 
mutation (case 1) was a G to C transition 
at position 1, changing the normal glycine 
residue to an arginine residue. The re
maining OCGT (case 5) showed the wild-
type sequence at codon 12 of K-ras. In all 
cases, the duct epithelial proliferations 
harbored the same codon 12 base se
quences as were detected in the infiltrat
ing mononuclear cells. In one of the cases 
in which an infiltrating adenocarcinoma 
was present (case 1), identical mutations 

were present in the noninvasive mucinous 
epithelium lining the cystic tumor, in the 
infiltrating adenocarcinoma, and in the 
infiltrating mononuclear cells. In every 
case, the specific base change noted in 
the mononuclear-cell-rich areas of the 
OCGT were also present in the individu
ally microdissected osteoclast-like giant 
cells. 

As a control, osteoclastic giant cells 
from five cases of giant cell tumor of the 
tendon sheath were individually microdis
sected and analyzed for K-ras mutations. 
All were wild-type. 

Discussion 

Pancreatic adenocarcinomas are believed 
to arise from noninvasive proliferations of 
the pancreatic duct epithelium [4]. This 
progression is driven, in part, by activat
ing mutations of the K-ras oncogene [5,8]. 
Because K-ras activation is an early event 
in pancreatic tumorigenesis, K-ras muta
tions can be used to retrace the morphol
ogic steps culminating in invasive 
pancreatic adenocarcinoma. For example, 
specific K-ras mutations present in infil
trating adenocarcinomas can be mapped 
to specific noninvasive proliferations of 
the pancreatic ducts [25]. 

Like conventional adenocarcinomas, 
pancreatic OCGTs can also harbor acti
vating point mutations of the K-ras onco
gene [12,19]. Comparative mutational 
analysis of intraductal epithelial prolif
erations and the infiltrating mononuclear 
cells in OCGTs could clarify their relation
ship. We found that the noninvasive duct 
epithelial proliferations and the infiltrat
ing mononuclear cells consistently har
bored the same K-ras oncogene mutation. 
Mononuclear-cell-rich areas from four of 
the five OCGTs harbored a K-ras muta
tion at codon 12, and in each case the 
identical mutation was present in the 
synchronous noninvasive duct epithelial 
lesions. In the fifth case, both components 
were wild-type. These findings suggest 
that the infiltrating mononuclear cells of 
OCGTs directly arise from intraductal 
epithelial proliferations. 

Similarly, when we specifically mi-
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crodissected individual osteoclast-like 
giant cells for mutational analysis, they 
were found to harbor K-ras mutations. 
Moreover, the base changes noted at co-
don 12 of K-ras were the same as those 
detected in the infiltrating mononuclear 
cells and the corresponding duct epithe
lial proliferations. Several different 
mechanisms could account for the pres
ence of K-ras mutations in osteoclast-like 
giant cells: (1) These mutations could rep
resent independent events in a monocyte-
derived cell population. This explanation 
is unlikely, K-ras mutations are generally 
not present in mesenchymal tumors that 
are rich in osteoclastic giant cells: We did 
not detect K-ras mutations in the giant 
cells from giant cell tumors of tendon 
sheaths; and K-ras mutations have not 
been reported in giant cell tumors of bone 
[7,27]. Furthermore, the presence of iden
tical point mutations in both the mono
nuclear cells and the giant cells strongly 
argues against independent genetic al
terations. (2) Given the intimate admix
ture of cellular components, the 
mononuclear tumor cells may have con
taminated our analysis. We do not believe 
that evaluation of the giant cells was 
tainted by the presence of mononuclear 
tumor cells. In each case, the giant cells 
were painstakingly dislodged from the 
main tumor mass, and then individually 
analyzed (Fig. 14). (3) The giant cells may 
arise from fusion of the infiltrating mono
nuclear tumor cells, and thus represent 
an intrinsic neoplastic element. This no
tion is not original, but was once a popu
lar sentiment based on the ultrastructural 
similarity between the mononuclear tu
mor cells and the osteoclast-like giant 
cells [2,15,18,20,22,28,32]. (4) Most 
likely, the presence of K-ras mutations in 
the osteoclast-like giant cells is a reflec
tion of their propensity to phagocytize 
surrounding tumor cells. Polymerase 
chain reaction analysis of the giant cells 
could be detecting extraneous remnants 
of mutated DNA from phagocytized tumor 
cells. Phagocytosis of neoplastic cells by 
the osteoclast-like giant cells was docu
mented in this study by light microscopy 
and immunohistochemistry, and has been 
noted by others (Fig. 15) [6,24]. 

Patterns of p53 protein accumula

tion could clarify the nature of the osteo
clast-like giant cell. In our five cases, 
accumulation of p53 protein was not de
tected in any of the duct epithelial lesions 
or in the infiltrating mononuclear cells. 
Therefore, we were not able to assess 
whether nuclear accumulation of p53 
protein is lost or retained in the osteo
clast-like giant cells. Others, however, 
have demonstrated p53 nuclear staining 
in the mononuclear cells of some OCGTs 
[24]. In those cases, p53 nuclear staining 
was not detected in the osteoclast-like 
giant cells. This discordant pattern of p53 
staining supports the view that osteo
clast-like giant cells do not represent the 
fusion of mononuclear cells. 

Although the infiltrating mononu
clear cells in OCGTs appear to arise from 
intraductal epithelial proliferations, 
epithelial differentiation is not conspicu
ous at the morphologic or irnmunohisto-
chemical levels. Of the five OCGTs that we 
analyzed with a panel of markers for 
epithelial differentiation, the mononuclear 
cells showed subtle evidence of epithelial 
differentiation in only two cases. 

Consistent with a macro
phage/monocyte lineage, the osteoclast-
like giant cells were in every case strongly 
and uniformly immunoreactive for KP1. In 
all five OCGTs, the mononuclear tumor 
cells were also immunoreactive for KP1, 
but staining was weak and focal. The 
finding of weak and focal KP1 staining 
does not provide unequivocal evidence of 
histiocytic differentiation in these mono
nuclear cells. Although KP 1 is a lysosomal 
antibody that has been touted as a spe
cific marker of the monocyte phagocytic 
system, KP1 staining has recently been 
reported in diverse tumor types including 
lymphomas, sarcomas, melanomas, and 
even carcinomas [10,11]. In these non-
histiocytic tumors, nonspecific KP1 
staining is usually weak and focal [10]. 
Moreover, there is no established prece
dent for aberrant expression of a macro
phage phenotype in neoplasms of 
epithelial origin. Although divergent dif
ferentiation of carcinomas along nonepi
thelial lines is well established, the tumor 
cells tend to express characteristics of 
mesodermally derived soft tissues (fibrous 
tissue, bone, cartilage, etc..) exclusive of 
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the reticuloendothelial system. 
Based on the compelling genetic 

evidence, the infiltrating mononuclear 
cells of OCGTs appear to arise from the 
duct epithelium. At the same time, these 
cells may not show specific differentiation 
by immunohistochemistry. Therefore, 
these neoplasms are most appropriately 
classified as undifferentiated carcinomas 
with osteoclast-like giant cells. The finding 
of specific K-ras alterations in the osteo
clast-like giant cells does not necessarily 
establish these cells as neoplastic ele
ments and does not exclude the likely 
proposition that they represent a reactive, 
nonneoplastic component [21]. Indeed, 
the presence of unexpected DNA se
quences may reflect their phagocytic ac
tivity and, on a genetic level, further point 
to the macrophage nature of this cell 
population. 
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The incidence of cancer of the pancreas 
and extrahepatic biliary tract is relatively 
low. In contrast, the mortality of these 
cancers is high. Pancreatic cancer is the 
fifth leading cause of cancer-related death 
in the United States. 

Cancer and benign disease of the 
pancreas and extrahepatic biliary tract 
often lead to a similar symptomatology 
and overlapping results of imaging studies 
which can make their distinction difficult. 
To determine an appropriate therapeutic 
approach it is important to distinguish 
malignant from non-malignant disease. 
Therefore, in certain cases a tissue diag
nosis is sought. 

Histological sampling from the pan
creatic head region is mostly not practi
cal. To arrive at a definitive diagnosis, the 
emphasis lies on biliary cytology that can 
be easily collected during endoscopic re
trograde cholangiopancreaticography 
(ERCP). However, although specificity of 
conventional light microscopic cytology is 
high, the sensitivity is only 30-40%. 

The recent research on cancer ge
netics has revealed the importance of ge
netic alterations in the development of 
cancer. Clinical applications of this 
knowledge concerning diagnosis, therapy, 
prognosis, epidemiology and prevention 
are currently investigated. 

In chapter 1 through 5, the value of the 
detection of alterations in the K-ras onco
gene and p53 tumor suppressor gene for 
the diagnosis of cancer of the pancreas 
and extrahepatic biliary tract was evalua
ted. 

Alterations in the K-ras and p53 
genes are the most common genetic al
terations in human cancer. Both can be 
detected relatively easy and are frequent 
in pancreatic carcinoma and cho-
langiocarcinoma, the 2 most important 
carcinomas of the region of the head of 
the pancreas. In all studies K-ras onco
gene mutations were detected with a sen
sitive polymerase chain reaction method. 
Standard immunochemical procedures 
were used to demonstrate alterations in 
the p53 tumor suppressor gene. 
Chapter 1 and 2 describe studies in 
which cytology specimens collected from 

post-surgical resection specimens were 
investigated. This gave us the opportunity 
to directly compare K-ras and p53 results 
of cytology and the primary lesion, and 
thus to gain insight in potential diagnostic 
use and possible determinants of sensi
tivity and specificity when used in a clini
cal setting. In chapter 3 through 5 the K-
ras and p53 analyses were evaluated in 
clinical situations. 

Chapter 1 

Duodenal fluid is an attractive source to 
investigate as a substrate for diagnostic 
tests. It can be collected relatively easy 
and duodenal fluid is the forerunner of 
stool, which together with urine and 
blood, are the most accessible "human 
sources' one can investigate. Bowel fluids 
affect morphology of cells, which makes 
duodenal fluid not suitable for conventi
onal cytology. DNA, however, is robust 
and resistant to en2yme activity present 
in the bowel. Therefore, it is possible to 
detect cancer-specific alterations in the 
DNA of cells shedded from the primary 
tumor. 

Despite the high frequency of K-ras 
mutations in the primary tumors, mutati
ons were detected in the duodenal fluid of 
a relatively small proportion of the resec
tion specimens with carcinoma. The sen
sitivity of K-ras mutational analysis was 
25%, which does not exceed the sensiti
vity of conventional cytology. In all cases 
except one, mutations in the primary tu
mor and duodenal fluid were identical, 
indicating the tumor as origin of the al
terations found in the duodenal fluid. K-
ras mutations were not detected in duo
denal fluid collected from cases without 
cancer, but the number of resection 
specimens without malignant pathology 
was too small to determine specificity. 

Importantly, in some resection 
specimens without cancer, K-ras muta
tions were detected in non-malignant duc
tal hyperplasias, which has been de
scribed previously in other studies. The 
role of mucinous ductal hyperplasia in the 
development of pancreatic cancer is not 
well established. It is clear that not all 
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these lesions necessarily progress to car
cinoma, and the significance of finding 
ductal hyperplasias needs as yet to be 
determined. 

The study at least demonstrates the 
potential of detecting genetic alterations 
in the duodenal fluid of patients with ma
lignancy in the pancreatic head region 
harboring such genetic alterations and 
future developments may ultimately lead 
to their use in diagnosis. 

Chapter 2 
ERCP is an important diagnostic tool in 
patients with malignant biliary stenosis. 
During ERCP cells can be collected to 
provide a definitive cytopathological diag
nosis. 

Compared to conventional cytology 
(sensitivity 30-40%), K-ras mutational 
analysis of endobiliary brush cytology 
specimens promised to have a better po
tential for the diagnosis of cancer of the 
region of the head of the pancreas. K-ras 
mutations were detected in the brush 
cytology specimens in 63% of the resec
tion specimens with carcinoma. The cy
tology specimens were also tested for the 
presence of p53 alterations, 56% showed 
positive p53 immunostaining. The combi
nation of both methods raised the diag
nostic yield to 81%. No K-ras or p53 
alterations were found in the surgical 
specimens without cancer or in their cor
responding brush cytology. 

To determine factors with possible 
influence on sensitivity and specificity, 
the emphasis of this study was on the 
comparison of the findings in the cytology 
specimens and the primary tumors. In the 
majority of the cases the results of both 
surgical and cytology specimens were 
identical (88%). However, a substantial 
number of cases showed discrepant re
sults. Discrepancy analysis indicated that 
intratumor heterogeneity and sampling 
error could lead to false negative results. 

Although no mutations were found 
in the cytology specimens from cases 
without malignancy, K-ras mutations 
could be detected in mucinous ductal 
hyperplasia. Therefore, the presence of K-

ras mutations in these lesions with unde
fined neoplastic properties was considered 
a potential source of false positive results. 

Absence of alterations in K-ras or 
p53 in the primary tumor would be the 
most important determinant of sensitivity. 

It was concluded that K-ras muta
tions as well as p53 alterations detected 
in endobiliary cytology were suitable diag
nostic markers for the presence of malig
nant disease in the pancreatic head re
gion. Their actual diagnostic value needed 
to be assessed in a Veal life' clinical set
ting in which their specificity could also 
be better evaluated. 

Chapter 3 
Endobiliary brush cytology specimens 
obtained during ERCP from 312 patients 
with extrahepatic bile duct stenosis were 
studied. 

The sensitivities of conventional 
light microscopic cytology (36%) and K-
ras mutational analysis (42%) for the di
agnosis of extrahepatic bile duct stenosis 
were almost identical. However, conven
tional cytology was most sensitive for bile 
duct carcinoma, while the mutational 
analysis was most sensitive for pancreatic 
carcinoma. This is the result of the in 
many cases more direct brushing of car
cinomas arising from the biliary tract as 
compared with pancreatic carcinomas, 
and the higher frequency of K-ras muta
tions in pancreatic carcinomas. As a re
sult K-ras mutational analysis had a 
strong additive effect on the sensitivity of 
conventional cytology and the combinati
on of both tests was clearly supplemen
tary (sensitivity 62%). 

Although K-ras mutations have 
been demonstrated in ductal hyperpla
sias, a lesion with unknown biology that 
can be present in the pancreas without 
malignant disease, the specificity was 
89%. This is probably because cells from 
these ductal hyperplasias are rarely shed-
ded and thus these cells are not captured 
with bile duct brushing during ERCP. 

Thus, the specificity of K-ras muta
tional analysis was slightly lower than the 
specificity of conventional cytology of bile 
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duct brushings (98%), but the study 
showed that K-ras mutational analysis 
can be used as a diagnostic adjunct in 
patients with malignant extrahepatic bili
ary stenosis, especially in patients with 
pancreatic carcinoma. 

Chapter 4 

P53 immunocytology was performed on 
the endobiliary brush cytology specimens 
of 53 patients with extrahepatic bile duct 
stenosis. In all cases the immunocytology 
results were compared with immunohis-
tochemistry of the primary stenotic lesion 
and with the conventional cytology out
comes. 

Sensitivities of both p53 immuno
cytology (24%) and conventional cytology 
(29%) were low, but there was an increase 
of the sensitivity when the two tests were 
combined (43%). P53 immunocytology is 
more dependent on the number and 
quality of cells collected compared with 
PCR-based techniques in which a small 
amount of DNA is sufficient. This became 
apparent through the higher sensitivity of 
p53 immunocytology and conventional 
cytology for the diagnosis of bile duct car
cinomas (40% and 46%) which are more 
directly brushed than pancreatic carci
nomas (9% and 13%), whereas the fre
quency of p53 alterations in the 2 car
cinomas was similar (53% VS. 48%). 

Comparison of the results from im-
munochemistry of the cytology specimens 
with the histological specimens and the 
conventional cytology determined absence 
of p53 alterations in the primary tumor, 
sampling error, false negative staining, 
and possible intratumor heterogeneity as 
factors with a negative effect on the sen
sitivity of p53 immunocytology. 

None of the cytology specimens from 
patients with benign disease showed 
positive immunostaining, but the actual 
specificity could not be assessed because 
of the small number of patients with be
nign disease. Important is the tact that 
there are no reports on p53 mutations in 
non-malignant lesions. 

On the other hand, false positive 
p53 immunostaining of tissue does occur, 

mainly as a result of technical problems. 
From this study we conclude that in 

individual cases p53 immunostaining of 
endobiliary brush cytology specimens, in 
addition to conventional cytology, may 
certainly be helpful in the diagnosis of pa
tients with a malignant bile duct stenosis, 
in particular in those patients with cho-
langiocarcinoma. 

Chapter 5 
During preoperative laparoscopic staging 
for pancreatic head tumors or preopera-
tively, the liver is inspected for the pres
ence of metastases. This is important to 
determine the therapeutic approach. In 
the presence of metastases, palliative tre
atment is generally the treatment of choi
ce, while radical resection is intended in 
the absence of metastases. It is not al
ways possible to distinguish liver metasta
ses from benign bile duct proliferations on 
clinical grounds or even histologically. 

It was investigated whether K-ras 
codon 12 mutational analysis can help to 
make this distinction by examining paired 
primary carcinomas and liver lesions from 
48 patients. An additional 45 mostly inci
dental benign bile duct proliferations were 
examined to determine the prevalence of 
K-ras mutations in these lesions. 

All metastases harbored K-ras mu
tations and more than 90% of the bile 
duct proliferations were wild-type. It was 
concluded that the K-ras mutational 
analysis might have additional value in 
the diagnosis of liver metastases. How
ever, the presence of K-ras codon 12 mu
tations in some of the apparently benign 
liver lesions means that one cannot solely 
rely on this mutational analysis to deter
mine further therapy. More specific mo
lecular markers would therefore be 
needed. 

In chapter 6 and 7 alterations in the K-
ras oncogene and p53 tumor suppressor 
gene are used to address questions con
cerning epidemiology and pathogenesis. 
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Chapter 6 
The frequency and type of alterations pre
sent in p53 and K-ras were compared in 2 
groups of cholangiocarcinomas, one group 
coming from an area with a recently esta
blished high incidence of these car
cinomas and one group existed of 'con
ventional' cholangiocarcinomas. Exoge
nous factors may play a role in the 
clustering of malignancies and carcin
ogens can lead to specific mutational 
patterns in cancer-causing genes. The 
purpose was to determine whether there 
was a molecular basis for the high inci
dence, which could indicate a different 
etiology and a common causative agent 
for the carcinomas from this high-
incidence area. 

Significantly more carcinomas from 
the high-incidence area were p53 immu-
nohistochemistry positive which may re
flect a different etiology. However, muta
tional analysis of p53 and K-ras did not 
show differences in type or frequency. 

The high incidence may be the re
sult of a difference in carcinogenic dose or 
a different etiology that is not reflected in 
the alterations present in p53 and K-ras. 
However, the study provided no une
quivocal molecular explanation for the 
high-incidence area, and the epide
miologic data analysis should therefore be 
interpreted cautiously. 

Chapter 7 

Osteoclast-like giant cell tumors in the 
pancreas and liver are composed of infil
trating mononuclear cells and 
multinucleated giant cells. Their histologic 
origin is unclear. Conflicting data suggest 
both an epithelial and a mesenchymal 
origin. Also, the giant cells have been in
terpreted as an intrinsic tumor compo
nent as well as bone-marrow-derived 
monocytes recruited in the tumor. 

To determine the origin of osteo
clast-like giant cell tumors and its compo
nents, we examined 5 tumors in which 
atypical ductal proliferations were pres
ent, which is a precursor lesion of pancre
atic duct adenocarcinoma. The 3 compo

nents (atypical ductal proliferations, infil
trating mononuclear cells, and giant cells) 
were separately analyzed for the presence 
of K-ras mutations and immunoreactivity 
to p53, epithelial markers, and histiocyte 
markers. 

The high prevalence of K-ras codon 
12 mutations in the osteoclast-like giant 
cell tumors as seen in pancreatic duct 
adenocarcinoma, and identical mutations 
in the atypical ductal proliferations and 
corresponding infiltrating mononuclear 
cells suggested an epithelial origin. 

The same mutations in codon 12 of 
the K-ras oncogene were detected in the 
corresponding giant cells. Although these 
findings suggest an epithelial origin of the 
multinucleated giant cells, this is contra
dicted by a uniformly strong staining with 
the histiocyte/macrophage marker. The 
obvious explanation for this is that the 
giant cells are cells of the monocyte line
age that have phagocytosed tumor cells of 
epithelial nature. This hypothesis was 
supported by morphologic observations 
and could have been supported by the 
absence of p53 overexpression in the nu
clei of the giant cells, while present in the 
mononuclear epithelial component of the 
tumor. Unfortunately none of the five tu
mors analyzed showed any p53 accumu
lation. 

In conclusion, osteoclast-like giant 
cell tumors must be considered of epithe
lial origin with recruited bone-marrow-
derived multinucleated giant cells. 

In this thesis, clinical applications of K-
ras and p53 mutations, two common ge
netic alterations in cancer of the pancreas 
and extrahepatic biliary tract, were ex
amined. 

The studies suggest that alterations 
in the K-ras oncogene and the p53 tumor 
suppressor gene can be used in the diag
nosis of cancer of the pancreas and extra-
hepatic biliary tract in addition to con
ventional light microscopic examination of 
cytological and histological specimens. In 
case of doubt about the etiology of an ex
trahepatic bile duct stenosis, the detec
tion of K-ras or p53 alterations in 
endobiliary brush cytology is indicative for 
malignant disease in the region of the 
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head of the pancreas. It should lead to 
therapeutic consequences or to more rigid 
diagnostics and close follow-up of the pa
tients. Unfortunately, the absence of K-
ras mutations or p53 overexpression has 
no unequivocal meaning. Whether these 
molecular analyses are useful as routine 
diagnostic tests still has to be determined. 
It depends on the number of patients in 
which a diagnosis of malignancy based on 
these tests leads to an earlier diagnosis 
and subsequently to a better prognosis. 

Because there is some overlap in the 
K-ras mutational spectrum of benign bile 
duct proliferations and pancreatic carci
nomas, the diagnosis of a liver metastasis 
can not solely be based on the presence of 
a K-ras mutation. Additional markers are 
therefore needed before molecular diagno
sis of liver metastases can be applied 
clinically. 

Molecular biology could not provide 
evidence for a different etiology of the 
cholangiocarcinomas in the high-
incidence area. However, the study in this 
thesis illustrates the possible use of mo
lecular biology in epidemiology and in the 
identification of carcinogenic events in the 
future. 

The debated epithelial origin of os-
teoclast-like giant cell tumors of the pan
creas was supported by K-ras mutational 
analysis of the different components of 
these neoplasms. Genetic analysis of tu
mors can lead to insight into tumor 
pathogenesis and in certain cases this 
may have clinical implications. 

The clinical significance of cancer 
genetics will be improved by the following. 
1. New (molecular) techniques, such as 
quantitative PCR methods with a muta
tion threshold, will increase the objectivity 
and accuracy of molecular analyses [1]. 2. 
The identification of patient populations 
who will benefit from these sensitive tech
niques is important. 3. Molecular analysis 
of different patient materials must be ex
plored. The detection of genetic alterations 
in plasma or serum DNA is promising in 
the diagnosis of patients with cancer, to 
establish their prognosis, and evaluate 
treatment [2-5]. 4. New insights into on
cogenesis and the underlying genetic pro
cesses could identify more specific and 
more universal molecular markers and 

may lead to new therapeutic modalities 
[6-7]. 

The importance of molecular biology 
will increase in modern oncology with the 
development of new molecular techniques 
and the growing knowledge of cancer ge
netics. 
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Kanker van de pancreas en extrahepati
sche galwegen is een zeldzame aandoe
ning. De mortaliteit van deze ziekten is 
echter hoog. Pancreascarcinoom is de 
vijfde belangrijkste doodsoorzaak ten ge
volge van kanker. 

Het is belangrijk patiënten met ma
ligne en benigne ziekten van de pancreas 
en extrahepatische galwegen te onder
scheiden omdat dat bepalend is voor de 
therapiekeuze. Dit kan echter moeilijk 
zijn. Beide veroorzaken vaak dezelfde 
klachten, en ook de beeldvormende dia
gnostiek kan niet altijd uitsluitsel geven. 
In deze gevallen kan weefselonderzoek 
leiden tot een definitieve diagnose. 

Helaas is het verzamelen van weef
sel van het pancreaskopgebied voor on
derzoek niet gemakkelijk. Materiaal voor 
cytologisch onderzoek is daarentegen re
latief eenvoudig te verkrijgen tijdens en-
doscopisch retrograde cholangiopancre-
aticografie (ERCP). De specificiteit van 
lichtmicroscopisch cytologisch onderzoek 
is hoog, maar de sensitiviteit is slechts 30 
tot 40%. De diagnostische mogelijkheden 
van detectie van genetische afwijkingen in 
onder andere cytologisch zijn veelbelo
vend. 

De afgelopen jaren is duidelijk ge
worden dat genetische veranderingen in 
het DNA van cellen ten grondslag liggen 
aan het ontstaan van kanker. Momenteel 
wordt er naarstig gezocht naar klinische 
toepassingen van deze kennis ten behoeve 
van diagnostiek, therapie, prognose, epi
demiologie en preventie. 

De detectie van genetische veranderingen 
in het K-ras oncogen en het p53 tumor 
suppressor gen voor de diagnostiek van 
kanker van de pancreas en extrahepati
sche galwegen werd onderzocht in hoofd
stuk 1 tot en met 5. 
Afwijkingen in deze twee genen komen 
veel voor in verschillende typen van kan
ker. Genetische veranderingen in beide 
genen zijn vrij eenvoudig aan te tonen, en 
zijn zeer frequent aanwezig in carcinomen 
van de pancreas en de galwegen. K-ras 
mutaties werden in alle studies onder
zocht met een sensitieve polymerase ket
tingreactie (PCR)-techniek, veranderingen 
in het p53 tumor suppressor gen met 
standaard immunochemische procedures. 

Samenvatting 

In hoofdstuk 1 en 2 is cytologische 
materiaal afkomstig van de galwegen on
derzocht, dat werd verzameld van chirur
gische resectiepreparaten, dus buiten het 
lichaam. Dit stelde ons in de gelegenheid 
de K-ras- en p53-resultaten van de cytolo
gie te vergelijken met de resultaten van de 
tumor zelf. Zo kon inzicht worden verkre
gen in de potentiële diagnostische waarde 
van de twee technieken en in factoren die 
de sensitiviteit en specificiteit zouden 
kunnen beïnvloeden in de klinische situ
atie. In hoofdstuk 3 , 4 en 5 werd de 
waarde van detectie van K-ras en p53 
veranderingen in de werkelijke klinische 
situatie geëvalueerd. 

Hoofdstuk 1 
Het is aantrekkelijk een diagnostische test 
op darmsap uit het duodenum te ontwik
kelen. Dit is vrij gemakkelijk te verzame
len, en resultaten zijn mogelijk te 
extrapoleren naar onderzoek van feces. 
Darmsap is minder geschikt voor lichtmi
croscopisch cytologisch onderzoek omdat 
het uiterlijk van de cellen hierin wordt 
aangetast. DNA is echter robuust en is 
bestand tegen enzymactiviteit in het 
darmsap. Het is dus mogelijk genetische 
veranderingen in het DNA aan te tonen 
van kankercellen die afkomstig zijn van de 
primaire tumor en in het duodenum zijn 
terechtgekomen. 

Ondanks de hoge frequentie van K-
ras mutaties in de primaire tumoren wer
den deze mutaties slechts in een klein 
gedeelte van de corresponderende darm
sappen aangetoond. De sensitiviteit van 
de K-ras mutatie-analyse was 25% en 
draagt dus niet veel bij aan de diagnose 
van kanker in het pancreaskopgebied. In 
bijna alle gevallen werden de K-ras muta
ties in de darmsappen tevens aangetoond 
in de bijbehorende primaire tumor. De 
bevindingen in de darmsappen zijn dus 
representatief voor de primaire tumor. Er 
werden geen K-ras mutaties gevonden in 
de darmsappen afkomstig van resectie 
preparaten zonder maligniteit. De aantal
len zijn echter te klein om een uitspraak 
te doen over de specificiteit. 

Zoals andere studies ook al be-
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schreven, werden er mutaties aangetoond 
in niet maligne ductale hyperplastische 
gebieden in de pancreas zonder tumor. 
Het is onduidelijk in hoeverre deze laesies 
voorlopers zijn van kanker. Wel is duide
lijk dat lang niet al deze laesies zich ont
wikkelen tot een tumor. Tot op heden 
kunnen er geen consequenties worden 
verbonden aan de bevinding van ductale 
hyperplastische gebieden. 

De studie laat zien dat genetische 
afwijkingen in tumoren in het pancreas-
kopgebied kunnen worden aangetoond in 
de darmsappen uit het duodenum met 
behulp van PCR technieken. Wellicht 
kunnen nieuwe ontwikkelingen leiden tot 
het gebruik hiervan in de diagnostiek van 
deze tumoren. 

Hoofdstuk 2 

ERCP is belangrijk in de diagnose van 
patiënten met een vernauwing van de 
galwegen. In dit hoofdstuk werd borstel-
cytologie afkomstig van chirurgische re-
sectiepreparaten en de primaire tumoren 
onderzocht op de aanwezigheid van ver
anderingen in het K-ras of p53 gen. 

Vergeleken met conventionele cyto
logie (sensitiviteit 30 tot 40%) bleek K-ras 
mutatie analyse van de cytologieprepara-
ten veelbelovend voor de diagnostiek van 
tumoren in het pancreaskopgebied. K-ras 
mutaties werden aangetoond in de cytolo-
giepreparaten van 63% van de gevallen 
met kanker. Ook het percentage gevallen 
met kanker met positieve aankleuring 
voor het p53 eiwit was hoog (56%). Wan
neer de resultaten van de twee technieken 
werden gecombineerd, steeg dit percenta
ge tot 81%. De resectiepreparaten zonder 
maligniteit en de bijbehorende cytologie-
preparaten waren allen negatief voor beide 
diagnostische testen. 

De nadruk van deze studie lag op 
het vergelijken van de primaire tumoren 
met de corresponderende cytologieprepa-
raten om zo inzicht te krijgen in factoren 
die van invloed zouden kunnen zijn op 
sensitiviteit en specificiteit van de twee 
testen. In het merendeel van de gevallen 
(88%) waren de resultaten in de resectie

preparaten en cytologiepreparaten iden
tiek. 

In de overige gevallen wees de dis
crepantie-analyse uit dat intratumor-
heterogeniciteit van de genetische afwij
kingen en 'sampling error' kunnen leiden 
tot vals negatieve resultaten. Wederom 
werden er in enkele gevallen K-ras muta
ties gevonden in ductale hyperplastische 
gebieden, en deze laesies zijn dus een 
potentiële bron van vals positieve resul
taten. 

Afwezigheid van genetische afwij
kingen in de primaire tumor zal de be
langrijkste beperkende factor zijn van de 
sensitiviteit van beide tests. 

Het aantonen van afwijkingen in het 
K-ras en p53 gen in cytologiepreparaten 
afkomstig van de galwegen zijn dus ge
schikte diagnostische tests voor kanker in 
het pancreaskopgebied. De werkelijke 
diagnostische waarde moest in een klini
sche situatie worden onderzocht. 

Hoofdstuk 3 

De borstel-cytologiepreparaten van 312 
patiënten met extrahepatische galgang-
vernauwing werden lichtmicroscopisch 
onderzocht en getest op de aanwezigheid 
van mutaties in codon 12 van het K-ras 
gen. De cytologie preparaten werden ver
zameld uit de galwegen tijdens een ERCP-
procedure. 

Conventionele cytologie en K-ras 
mutatie-analyse hadden een vergelijkbare 
sensitiviteit (36% en 42%). Echter, de 
sensitiviteit van conventionele cytologie 
was het hoogst voor de diagnose van gal-
gangcarcinoom, en de sensitiviteit van de 
K-ras mutatie-analyse was het hoogst 
voor de diagnose van pancreascarcinoom. 
Dit komt door de meer directe verzame
ling van cellen van galgangcarcinomen en 
het vaker voorkomen van K-ras mutaties 
in pancreascarcinomen. Zodoende heeft 
de K-ras mutatie-analyse een additionele 
waarde ten opzichte van de conventionele 
cytologie. De sensitiviteit van beide tests 
gecombineerd was 62%. 

De specificiteit was 89% ondanks 
het feit dat K-ras mutaties zijn beschre
ven in niet maligne ductale hyperplasti-
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sehe gebieden die voorkomen in de pan
creas zonder carcinoom. Dit komt waar
schijnlijk doordat cellen van deze laesies 
niet gemakkelijk loslaten en dus niet in de 
galwegen terechtkomen en dus ook niet in 
de borstel-cytologiepreparaten van de 
galwegen. 

De specificiteit van de K-ras muta
tie-analyse is dus lager dan die van de 
conventionele cytologie (98%), maar heeft 
een hoge sensitiviteit, in het bijzonder 
voor de diagnose van patiënten met kan
ker van de pancreas. 

Hoofdstuk 4 

Borstel-cytologiepreparaten verzameld tij
dens ERCP van 53 patiënten met extrahe
patische galgarxgstenose werden onder
zocht op immunoreactiviteit voor het p53 
eiwit. In alle gevallen werden de resulta
ten vergeleken met de resultaten van de 
primaire stenoserende laesie en de con
ventionele cytologie. 

Sensitiviteit van zowel p53 immu-
nocytologie en conventionele cytologie 
voor de aanwezigheid van een maligniteit 
was laag (24% en 29%), maar er was een 
toename van de sensitiviteit tot 43% wan
neer beide tests werden gecombineerd. 
P53 immunocytologie is, vergeleken met 
PCR-technieken, meer afhankelijk van het 
aantal cellen in de cytologiepreparaten en 
de kwaliteit van deze cellen. Galgangcar-
cinomen, waarvan over het algemeen 
meer direct cellen worden verzameld met 
borstelcytologie, werden met een hogere 
sensitiviteit gediagnostiseerd dan pancre-
ascarcinomen door zowel de p53 immu
nocytologie als de conventionele cytologie 
(40% en 46% versus 9% en 13%), terwijl 
het percentage p53 immunopositieven in 
de primaire tumoren vrijwel gelijk was. 

Uit de vergelijking van de p53 im
munocytologie met de p53 immunohisto-
chemie van de primaire tumoren en de 
conventionele cytologie bleek dat afwezig
heid van p53 afwijkingen in de primaire 
tumor, 'sampling error', vals negatieve 
p53 aankleuring en intratumor-hetero-
geniciteit alle een negatieve invloed kun
nen hebben op de sensitiviteit. 

De p53 immunocytologie van alle 
patiënten zonder kanker waren negatief. 
Het aantal patiënten zonder kanker was 
echter klein en maakt een uitspraak over 
de specificiteit onmogelijk. Van belang is 
te weten dat er geen p53 mutaties zijn 
beschreven in niet maligne laesies. Vals 
positieve p53 aankleuring van weefsels 
met name als gevolg van technische pro
blemen is wel bekend. 

P53 immunocytologie kan dus bij
dragen aan de diagnose van patiënten met 
een extrahepatische galgangstenose, met 
name wanneer deze wordt veroorzaakt 
door een galgangcarcinoom. 

Hoofdstuk 5 

Tijdens preoperatie ve laparoscopische 
stagering van patiënten met een tumor in 
het pancreaskopgebied en tijdens de ope
ratie wordt de lever geïnspecteerd op de 
aanwezigheid van metastasen. Indien 
metastasen in de lever aanwezig zijn zal 
over het algemeen worden afgezien van 
curatieve re sectie van de tumor. Helaas is 
het niet altijd goed mogelijk levermetasta-
sen met het blote oog of lichtmicrosco-
pisch te onderscheiden van benigne 
galgangproliferaties. De mogelijkheid werd 
bestudeerd onderscheid te maken tussen 
deze twee op basis van een K-ras mutatie
analyse. 

Van 48 patiënten werden de gerese-
ceerde primaire carcinomen en gebiop-
teerde leverafwijkingen onderzocht op de 
aanwezigheid van mutaties in codonl2 
van het K-ras oncogen. Om de prevalentie 
van K-ras mutaties te bepalen in benigne 
galgangproliferaties werden nog 45 voor
namelijk incidentele laesies geanalyseerd. 

In alle levermetastasen werden K-
ras mutaties aangetoond. Echter in een 
klein aantal van de als benigne be
schouwde galgangproliferaties (minder 
dan 10%) waren eveneens K-ras mutaties 
aanwezig. Dit betekent dat men voor de 
diagnose van levermetastasen niet alleen 
kan afgaan op de aanwezigheid van K-ras 
mutaties, en dat voor de moleculaire dia
gnostiek van levermetastasen meer speci
fieke markers nodig zijn. 
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In hoofdstuk 6 en 7 werd gebruik ge
maakt van afwijkingen in het K-ras gen en 
p53 gen om hypothesen ten aanzien van 
epidemiologie en tumorpathogenese te 
staven. 

Hoofdstuk 6 
De frequentie van afwijkingen in het p53 
en K-ras gen en de specifieke veranderin
gen in deze genen werden bepaald in gal-
gangcarcinomen afkomstig uit een gebied 
met een hoge prevalentie van deze carci-
nomen en vergeleken met de bevindingen 
in een groep van 'conventionele' galgang-
carcinomen. Exogene factoren kunnen 
leiden tot een hoge prevalentie van carci-
nomen in een bepaald gebied en carcino-
gene stoffen kunnen specifieke mutaties 
in bepaalde genen induceren. In deze stu
die werd onderzocht of er verschillen be
stonden tussen de twee groepen op 
moleculair niveau. Een verschil tussen 
beide groepen zou kunnen wijzen op een 
afwijkende aetiologie van de carcinomen 
uit het gebied met de hoge prevalentie en 
een gemeenschappelijke oorzaak voor het 
ontstaan van deze carcinomen. 

Significant meer carcinomen uit het 
gebied met de hoge prevalentie waren po
sitief voor immunochemische kleuring 
voor het p53 eiwit. Echter, p53 mutatie
analyse en K-ras mutatie-analyse heten 
geen verschil zien in beide groepen wat 
betreft frequentie en type mutatie. 

De hoge prevalentie van galgangcar-
cinomen in het onderzochte gebied zou 
het gevolg kunnen zijn van een hogere 
dosis carcinogenen aldaar of van een spe
cifiek carcinogeen dat echter geen typi
sche afwijkingen veroorzaakt in de twee 
onderzochte genen. De hoge prevalentie 
werd dus niet ondersteund door de bevin
dingen in het p53 en K-ras gen. De epi
demiologische gegevens moeten daarom 
misschien voorzichtig worden geïnterpre
teerd. 

Hoofdstuk 7 
'Osteoclast-like' reuscel tumoren (OCGTs) 
in de pancreas en lever bestaan uit infil

trerende mononucléaire cellen en meer-
kernige reuscellen. Het is onduidelijk of 
deze tumoren oorspronkelijk zijn ontstaan 
uit epitheliaal weefsel of mesenchymaal 
weefsel. Ook is onduidelijk of de reuscel
len in deze tumoren een intrinsiek onder
deel zijn van deze tumoren of dat deze 
cellen van monocytaire aard zijn en se
cundair de tumor infiltreren. 

De verschillende componenten van 
vijf tumoren met atypische intraductale 
proliferatie s, laesies die worden be
schouwd als voorlopers van invasieve 
epitheliale carcinomen, werden afzonder
lijk onderzocht op het voorkomen van K-
ras mutaties, en immunoreactiviteit voor 
p53, epitheliale markers, en histiocyt 
markers. 

De hoge prevalentie van K-ras codon 
12 mutaties in de tumoren en de detectie 
van identieke K-ras mutaties in de intra
ductale atypische proliferaties en de infil
trerende mononucléaire cellen zijn 
suggestief voor een epitheliale oorsprong 
van de OCGTs. 

Ook de reuscellen lieten deze muta
ties zien. Dit alleen zou duiden op een 
epitheliale herkomst van de reuscellen. 
Echter, alle reuscellen waren sterk posi
tief voor de histiocyt markers. Deze bevin
dingen gevoegd bij de observatie van 
gefagocyteerde mononucléaire cellen door 
de reuscellen betekenen dat de reuscellen 
van monocytaire oorsprong zijn. De p53 
immunohistochemie was negatief in alle 
tumoren en dus niet informatief. 

'Osteoclast-like' reuscel tumoren 
moeten dus worden beschouwd als slecht 
gedifferentieerde carcinomen van epitheli
ale oorsprong met gerekruteerde 'osteo
clast-like' reuscellen. 

In dit proefschrift zijn klinische toepas
singen van twee veel voorkomende geneti
sche veranderingen in kanker van de 
pancreas en extrahepatische galwegen 
onderzocht: mutaties in het K-ras en p53 
gen. 

De eerste studies lieten zien dat 
detectie van K-ras en p53 afwijkingen in 
cytologische en histologische preparaten 
behulpzaam kunnen zijn in de diagnose 
van deze tumoren naast de conventionele 
lichtmicroscopie. Bij twijfel over de oor-
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zaak van een extrahepatische galgangste-
nose is de detectie van een van beide 
markers in galgang-borstelcytologie een 
sterke aanwijzing voor de aanwezigheid 
van een maligniteit. De bevinding moet 
leiden tot therapeutische interventie of 
aanvullende, eventueel meer 'agressieve' 
diagnostiek, en frequente controles van de 
patiënt. De waarde van deze moleculaire 
tumormarkers in de routine diagnostiek 
moet nog verder worden onderzocht. Met 
name wanneer positieve tests kunnen 
leiden tot vroege diagnose en therapeu
tisch interventie is er plaats voor deze 
moleculaire technieken in de routine dia
gnostiek. 

Doordat K-ras mutaties niet alleen 
in levermetastasen voorkomen maar ook 
in benigne galgangproliferaties, is de de
tectie van K-ras mutaties in suspecte le-
verbiopten niet voldoende om de diagnose 
levermetastase te stellen. Additionele, 
meer specifieke markers kunnen leiden 
tot de moleculaire diagnostiek van lever
metastasen. 

De hoge frequentie van cholangio-
carcinomen in een bepaald gebied kon 
niet worden verklaard door een specifieke 
aetiologie van deze tumoren in dit gebied 
op basis van moleculaire bevindingen. De 
studie illustreert wel de mogelijkheden 
van moleculaire technieken binnen de 
epidemiologie in de toekomst. 

K-ras analyse van de verschillende 
componenten van 'osteoclast-like' reuscel 
tumoren ondersteunde de hypothese dat 
deze tumoren van epitheliale oorsprong 
zijn. Inzicht in tumorpathogenese kan 
klinisch van belang zijn. 

De klinische relevantie van de ken
nis van genetische mechanismen die ten 
grondslag liggen aan de vorming van ma-
ligniteiten zal toenemen in de toekomst. 
Onderzoek zal zich onder andere moeten 
richten op de ontwikkeling van nieuwe 
verbeterde moleculaire technieken en 
identificatie van klinische toepassingsge
bieden [1-7]. 
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FIGURE 1 
Representative hybridizations of DNA from duodenal fluid and primary tissue are shown. Rows 2-11 represent an ampullary 
carcinoma, 3 intraductal mucinous papHlary neoplasms, and 6 pancreatic adenocarcinomas. Five of the seven possible 
membranes are shown, each hybridized to 1 sequence specific probe. The first two columns on each membrane contain 
primary tissue DNA; the last two contain duodenal fluid DNA. The first and third columns on each membrane are non-
enriched for K-ras mutations. A mutant specimen should create a weak signal in the non-enriched and a strong signal in the 
enriched columns, respectively, because enrichment increases the proportion of mutant DNA. Wild-type DNA from 
nonneoplastic cells was present in all specimens. As examples, Row 3 contains valine (GTT>mutant DNA in both the 
primary tumor and duodenal fluid columns. In contrast, Row 11 contains the experiment's only discrepant specimen, with 
valine (GGT>mutant duodenal fluid DNA but wild-type primary tissue DNA. The columns of Row 1 contain the following: 
wild-type control DNA, control DNA corresponding to each membrane, cysteine (TGT>mutant control DNA, and a negative 
control (no DNA added). WT: wild-type; Val: valine mutation; Asp: aspartic acid; Arg: arginine; Cys: cysteine. 

FIGURE 2 
Example of an autoradiogram of the K-ras mutational analysis. Seven nylon membranes, each hybridized with a different 
radioactive labeled oligonucleotide, specific for the sequence of the wild-type codon 12 (left) and the 6 possible 
permutations. Row 1 and 2: Hybridization controls, DNA complementary to the labeled oligonucleotides. On each 
membrane, in the left lane the non-enriched PCR products, and in the right lane the mutant-enriched PCR products are 
spot-blotted. Row 11 : Control for contamination, water. Row 12: control for amplification, placenta DNA. Row 3 and 4 ,5 and 
6,7 and 8: mutation in a carcinoma and corresponding brush cytology. Row 9 and 10: resection specimen without 
malignancy and corresponding brush cytology, both only showing signals on the membrane hybridized with the wild-type 
sequence specific oligonucleotide. 

FIGURE 3 
Immunochemistry for p53. Brush cytology smear with nucleus specific staining of malignant appearing epithelial cells (200x). 

FIGURE 4 
Example of an autoradiogram of the K-ras mutational analysis. Seven nylon membranes each hybridized with a different 
radioactive labeled oligonucleotide specific for the sequence of the wild-type codon 12 (left) and the 6 possible mutations. 
On each membrane in the left lane the non-enriched PCR products and in the right lane the mutant-enriched PCR products. 
WT: wild-type = glycine; Cys: cysteine: Sen serine; Arg: arginine; Val: valine; Asp: asparrjc acid; Ala: alanine, 
co: Hybridization controls, on each membrane cloned DNA fragments with a known codon 12 sequence complementary to 
the labeled oligonucleotides used for the hybridization ofthat membrane. 1 to 8: Brush cytology specimens with the 
following K-ras codon 12 sequences coding for the following amino acids: asparrjc acid, arginine, glycine, glycine, valine, 
glycine, aspartic acid, aspartic acid, pla: Placental DNA. H20: Water. 1:100:1 cell with mutant codon12, coding for the 
amino add valine, mixed in 100 cells with wild-type codon 12.1:1000:1 cell with mutant codon12, coding for the amino acid 
valine, mixed in 1000 cells with wild-type codon 12. 

FIGURE 5 A and B 
Cytology positive for carcinoma from the 2 patients with a diagnosis of postsurgical stenosis (Giemsa stained, 132X). 



FIGURE 6 A and B 
Positive p53 immunostaining of endobiliary brush cytology and the corresponding bile duct carcinoma. 

FIGURE 7 
Hematoxylin and eosin (H&E)-stained section of a bile duct hamartoma (von Meyenburg complex). Note the proliferation of 
ectatic bile ducts that contain bile. This lesion was wild-type at codon 12 of K-ras. Magnification, X65. 

FIGURE 8 
Representative hybridizations of DNA derived from the primary carcinoma (left lane of each membrane) and the liver lesions 
(right lane of each membrane). These seven membranes, which contained identical PCR products, were probed for wild-
type (WT) and mutant (Cys, Ser, Arg, Val, Asp, Ala) K-ras as labeled. Rows 1 and 2 are the controls. In row 1, the mutant 
cysteine was loaded into the left side of all membranes, whereas wild-type DNA was loaded into the right side of all 
membranes. In row 2, the left side was loaded with the appropriate positive control for that membrane, whereas the right 
side was loaded with a negative control (water). Rows 3 to 13 are 11 cases. Note that in cases 8 and 12 the primary 
carcinoma and the patients, liver lesion both harbor valine mutations. In case 5,6,9, and 10, mutations were found only in 
the primary carcinomas. In the remaining 5 cases, both the primary carcinomas and the liver lesions were wild-type. 

FIGURE 9 
H&E-stained sections of a bile duct adenoma (A) and an infiltrating primary adenocarcinoma of the pancreas (B) obtained 
from the same patient. In the adenoma, note the proliferation of bile ductules lined by cuboidal epithelial cells that lack 
significant nuclear atypia. In contrast, the infiltrating carcinoma (B) is characterized by poorly formed glands, individual 
infiltrating tumor cells, and marked nuclear pleomorphism with bizarre mitotic figures. Both lesions harbored the same 
mutation in codon 12 of K-ras. Magnification, X160. 

FIGURE 10 
An example of automated DNA sequencing for the K-ras oncogene. The figure shows the fluorescence spectroscopy curve 
and seq2uence of the PCR product from a liver metastasis with a mutation in codon 12 at the first base: GGT (wild-type) to 
CGT (arginine). 
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FIGURE 11 
Immunohistochemistry for p53 protein. Cholangiocarcinoma cells show nucleus specific positive staining. The stromal tissue 
is negative. Inset: detail. Bars: 20 Dm. 

FIGURE 12 
Detection of p53 mutations by DNA sequence analysis. Example of a carcinoma (patient 7, Table 3) with a point mutation in 
exon 8 at position 273 (lanes 3) and the same region for two carcinomas with the wild-type exon sequence (lanes 1 and 2). 

FIGURE 13 
An example of an autoradiogram of the K-ras analysis. Seven nylon membranes, each hybndized with a different 
radioactive-labeled oligonucleotide specific for the wild-type sequence and the 6 mutant sequences of codon 12 (W, GGT 
i.e. wild-type; A, TGT; B, AGT; C, CGT; D, GTT; E, GAT; F, GGT). Row 1, hybridization controls, i.e. PCR products with 
known codon 12 sequence. Row 2-9, cholangiocarcinomas. Row 4, GGT to GTT mutation; row 5, GGT to AGT mutation; 
row 6 and 7, GGT to GAT mutation. The remaining cholangiocarcinomas, row 2,3,8, and 9, are wild-type at codon 12. 

FIGURE 14 
Microdissection of an individual osteoclast-like giant cell. The osteoclast-like giant cells were first manually separated from 
the tumor, and then removed for subsequence analysis. 

FIGURE 15 
Phagocytosis of the mononuclear tumor cells by the osteodast-like giant cells (KP1 immunostain). 

FIGURE 16 
Osteoclast-like cell tumor of the liver (patient 2). The cut surface of the liver shows a tabulated hemorrhagic mass with 
central necrosis. 

FIGURE 17 
Osteoclast-like giant cell tumor of the liver (patient 2). (A) The tumor is comprised of mononuclear cells admixed with evenly 
spaced multinucleated giant cells. (B) Severe epithelial dysplasia is present in the surrounding intrahepatic bile ducts. 



FIGURE 18 
Osteoclast-like giant cell tumor of the pancreas arising in a mucinous cystic neoplasm (case 3). Osteoclast-like giant cells 
and infiltrating mononuclear cells are intimately associated with the mucinous duct epithelium. 

FIGURE 19 
Immunohistochemical staining of an osteoclast-like giant cell tumor of the pancreas arising in association with a mucinous 
cystic neoplasm (case 3). Only the lining epithelium is immunoreactive for AE1: AE3 (A), whereas the osteodast-like giant 
cells and scattered mononuclear cells are immunoreactive for KP1 (B). 

FIGURE 20 
Allele-specific oligonucleotide hybridization of all five cases. Hybridization with cloned polymerase chain reaction products 
harboring the wild-type (WT) sequence and four different codon 12 mutations (Cys, cysteine; Ser, serine; Arg, arginine; Val, 
valine) are shown in the top row. Normal tissues and water serve as controls for contamination and nonspecific 
hybridization. In patient 4, a sample without DNA template served as an additional negative control (c). Each lane has two 
dots showing hybridization with the amplification products before (left) and after (right) digestion of the wild-type sequence. 
Patient 1: a, normal; b, intraductal lesion (IDL); c, infiltrating mononuclear cells (IMC); d, adenocarcinoma (AC); e, 
osteoclast-like giant cells (OGC). Patient 2: a, OGC; b, normal; c, IDL; d, IMC. Patient 3: a, OGC; b, normal; c, IDL; d, IDL; 
e, IMC. Patient 4: a, IMC; b, norma; c, no DNA; d, OGC; e, OGC; f, IDL. Patient 5: a, normal; b, IMC; c, OGC; d, IDL. In 
patient 1 (case 1), arginine mutations are present in the intraductal lesion, the adenocarcinoma, the infiltrating mononuclear, 
and the osteoclast-like giant cells. For patients (cases) 2,3 and 4, valine mutations are present in the IDLs, the IMCs, and 
the OGCs. In patient (case) 5, only the wild-type sequence was noted. 
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