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CHAPTER 7 

K-ras Oncogene Mutations in Osteoclast-like Giant 
Cell Tumors of the Pancreas and Liver 
Genetic Evidence to Support Origin from the Duct Epithelium 

William H. Westra, Patrick D.J. Sturm, Paul Drillenburg, Michael A. Choti, David S. Wimstra, 
Jorge Albores-Saavedra, Anthony Montag, G. Johan A. Offerhaus, Ralph H. Hruban. 

The American Journal of Surgical Pathology 1998; 22:1247-1254 

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 

73 



Chapter 7 

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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