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ABSTRACT

The pathogenesis of cardnosarcoma is still a subject of controversy. In
the present study, molecular techniques were applied to determine the
pathogenesis of uterine carcinosarcomas. The patterns of chromosome X

inactivation were analyzed, targeting a portion of exon 1 of the human
androgen receptor (HUMARA) in malignant epithelial and mesenchyinal
components. The presence ofp53 and K-ins mutations were also analyzed.
H&E-stained sections of paraffin-embedded, formalin-fixed tissues were
microdissected to obtain both epithelial and nonepithelial lesions from 25

carcinosarcomas, and DNAs were extracted by proteinase K digestion.
Following treatment with methylation-sensitive restriction endonuclease
(filial or Hpall), PCR amplification was performed using nested primers
targeted to the HUMARA locus. Mutations in thep53 gene and K-ms gene
were found in eight (32%) and six (24%) tumors, respectively. The
patterns of chromosome X inactivation were different between the card
nomatous and sarcomatous components of three carcinosarcomas, mdi
eating that these three tumors represent collision tumors. By contrast, the
patterns of chromosome X inactivation, K-ras sequence, andp53 sequence
were identical in both carcinomatou.s and sarcomatous components in 21
carcinosarcomas, indicating that these 21 tumors represent combination
tumors. One case produced equivocal results that precluded determina.
lion of whether it represented a collision or combination tumor. These
observations show that although most carcinosarcomas are combination

tumors, some develop as collision tumors. The determination of histogen
esis in Individual cases of carcinosarcoma using molecular markers may
be worthwhile, because the result could help predict the prognosis of
individual cases and help guide clinical management.

INTRODUCTION

Mixed epitheial-mesenchymal tumors are composed of both epi
thelial and stromal components. Mixed epitheial-mesenchymal tu
mors of the uterus are rare and comprise 5% or less of all neoplasms
of the uterine corpus (1). Mixed epithelial-mesenchymal tumors in
dude adenomyomas, adenofibromas, adenosarcomas, carcinofibro
mas, and carcinosarcomas (mixed MÃ¼lleriantumors). Both epithelial
and mesenchymal components of the adenomyoma and adenofibroma
are benign. In adenosarcoma, the epitheial component is benign, but
the mesenchymal component is malignant. In carcinofibroma, by
contrast, the epithelial component is malignant, but the mesenchymal

component is benign. In carcinosarcomas, both epithelial and mesen
chymal components are malignant. Carcinosarcomas are relatively
uncommon, accounting for less than 3% of uterine malignancies
(2â€”7).

The extreme diversity of phenotypic forms found within carcino
sarcomas is unusual among malignant tumors, and therefore, the
pathogenesis of these tumors has been a subject of controversy. Three
theories have been proposed (8, 9). The first theory suggests that
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carcinosarcomas may represent two separate malignant processes that
merge to form one tumor (collision tumor theory). The second theory
suggests that carcinosarcomas are monoclonal in origin, and the

presence of both epithelial and mesenchymal elements represents an
extreme manifestation of the phenotypic diversity that is seen to a

lesser degree in conventional carcinomas and sarcomas (combination
tumor theory). The conversion tumor theory, which hypothesizes that
the sarcomatous component is actually a metaplastic component de
rived from the carcinoma, is included in the combination tumor
theory. The third theory is that the stromal components of carcino
sarcomas are not truly neoplastic but actually a reactive response to
the presence of the malignant epithelial component (composition
tumor theory). These three possible explanations for the histogenesis
of carcinosarcomas have been investigated in numerous studies by
electron microscopy (10), tissue culture (1 1, 12), heterotransplantation
(13, 14), and immunohistochemistry(15â€”20).

Emoto et al. (13, 14, 21) showed that cell lines established from
uterine carcinosarcomas are capable of differentiating into epithelial,
mesenchymal, or both elements. They also showed that one of these
cell lines, which was positive for epithelial marker but was negative
for mesenchymal marker, yielded tumor that histologically resembled
the original carcinosarcoma when heterotransplanted into athymic
nude mice (14). Kitagawa et a!. (22) used cell lines established from
adenosarcoma of the ovary to demonstrate that the morphology of the
cells was converted from an epithelial to a mesenchymal form by
treatment with transforming growth factor /3, in support of the com

bination tumor theory for the histogenesis of mixed epithelial-mesen
chymal tumors.

Immunohistochemical studies have attempted to define the histo
genesis of carcinosarcomas by utilization of antigenic markers of
epithelial versus mesenchymal derivation. Several studies have dem
onstrated focal staining for cytokeratin and EMA2 in the mesenchy
mal components, as well as diffuse strong immunoreactivity for these
markers in the malignant epithelial cell components of carcinosarco
mas (10, 15). Similarly, both mesenchymal and epithelial components
are immunoreactive for vimentin in at least one-third of carcinosar
comas (15, 17, 19). However, immunohistochemical characterization
may not provide conclusive evidence of histogenesis, because the
mesenchymal marker, vimentin, is expressed in a high proportion of
malignant epithelial tumors of the uterus (23). Conversely, epithelial
markers including cytokeratin can be detected in a high proportion of
certain malignant mesenchymal tumors, including endometrial stro
mal sarcoma (24).

In the present study, we used molecular markers to determine the
histogenesis of 25 carcinosarcomas from the uterine corpus. We report
here that although most (about 85%) carcinosarcomas are combina
tion tumors, some cases arise as collision tumors. The determination
of histogenesis in individual carcinosarcoma using molecular markers
may help determine patient prognosis.

2 The abbreviations used are: EMA, epithelial membrane antigen; dN'FP, deoxynucle

otide triphosphate; SSCP. single-strand conformation polymorphism.
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HISTOGENESIS OF UTERINE CARCINOSARCOMA

MATERIALS AND METHODS

Materials. Formalin-fixed, paraffin-embedded tissue blocks from both le
sional and normal uterine tissues from 25 women were retrieved from the
archival collections of the Osaka University Hospital (4 cases), Osaka City
University Hospital (4 cases), and Osaka Police Hospital (6 cases), Japan, and
from the University of Colorado Health Sciences Center (11 cases). Patient
ages ranged from 41 to 79 years (mean, 59.6; Table 1). The epithelial
component was histologically typed as either endometrioid adenocarcinoma

(15 cases) or serous adenocarcinoma (10 cases). No other histological types

such as clear cell carcinoma, adenosquamous carcinoma, or squamous cell
carcinoma were encountered in this study. The pseudoglandular elements of
each carcinoma were also graded by the Gynecological Oncology Group
modification of the International Federation of Gynecology and Obstetrics

system. The sarcomatous components of the tumors were also histologically

typed as either homologous (20 cases; including endometrial stromal sarcoma,
fibrosarcoma, undifferentiated sarcoma, and leiomyosarcoma, although exam
ples of leiomyosarcoma were not encountered in this study) or heterologous (5
cases; including rhabdomyosarcoma, chondrosarcoma, osteosarcoma, and ii
posarcoma, although examples of osteosarcoma or liposarcoma were not
encountered in this study).

Tissues were sectioned at 3â€”5 xm at six serial levels. The first and last

sections were stained with H&E, and the remaining four sections were stained
with methyl-green. Using H&E-stained sections as a guide, areas of carcinom

atous components and sarcomatous components were collected from methyl
green-stained sections using a surgical blade under inverted microscopy. Areas
that contained only either pure carcinomatous or sarcomatous component were
selected. Areas that contained nontumorous cells comprising more than 20% of
total cells were not used. The size of lesions obtained ranged from 4 to 40 mm2,
with a mean size of 15 mm2. Samples were washed twice with ethanol, and
DNA was extracted by protease K digestion, followed by phenol/chloroform
extraction as described by Mutter and Boynton (25).

Analysis of Chromosome X Inactivation by PCR Amplification. The
human androgen receptor gene (HUMARA), which is mapped to X cenâ€”ql3,
contains an in-frame CAG trimeric repeat encoding 11â€”31glycine residues in
exon I (26) that is polymorphic in 90% of cases (27, 28). The methylation
status of HhaI and Hpall sites located about 100 bp upstream to this trinucle
otide repeat correlates with chromosome X inactivation (29). The patterns of
chromosome X inactivation of the tumors were analyzed by methylation
sensitive restriction endonuclease treatment (H/wI or HpaII) of tumor DNAs,

followed by PCR amplification of a highly polymorphic human androgen
receptor target, as described previously (28).

Genomic DNA extracted from selective areas of formalin-fixed, paraffin
embedded tissue was digested with methylation-sensitive restriction endonu
clease HhaI or HpaII and was used as template for PCR with a three-step

sandwiched primer approach to increase the sensitivity of amplification. Prim
cr5 devised for this purpose included: primer 1, 5'-GCTGTGAAGGTFGCT
GTFCCTCAT-3'; primer 2, 5'-TCCAGAATCTGTFCCAGAGCGTGC-3';
primer 3, 5'- CGTCCAAGACCTACCGAGGAGCTF-3'; and primer 4, 5'-
AT000CTFGcIGGAGAACCATCCTC-3'.

The first round of amplification was performed using outer primer 1 and
primer 3. The second and third rounds of amplification were performed using
inner primer 2 and primer 4. Primer 1 corresponds to nucleotides 485â€”508,and

primer 2 corresponds to nucleotides 230â€”253.Primer 3 corresponds to nude
otides 206â€”227, and primer 4 corresponds to nucleotides 430â€”453 of the
HUMARA sequence. The first round of PCR amplification (total, 25 pJ)
contained digested genomic DNA (l-pi extract), 50 ).@MdNTPs, 10 nMeach of
primers 1 and 3, 1.5 mMMgCl2, 10 m@vtTris (pH 8.3), 50 mMKC1, 1.25 units
Taq polymerase, and 0.01% gelatin. After initial denaturation at 98Â°Cfor 7
mm, a total of 25 cycles of PCR was performed with a thermal profile of 1 mm
at 94Â°C, 1 mm at 60Â°C, and 1 mm at 72Â°C. The second-step PCR was
performed using 1.0 @lof the first-step PCR product in a total volume of 25

@lincluding 500 nM each of primer 2 and primer 4, 200 ,xM dNTPs, 1.5 msi

MgCl2, 50@ KC1, 10 mMTris (pH 8.3), 1.0 unit of Taq polymerase, and
0.01% gelatin. After PCR amplification over 25 cycles, as described above,
lO-pi aliquots were electrophoresed on 2% agarose gel to confirm the PCR
product. The third-step PCR was performed using 1.0 p1 of the second-step
PCR product in a total volume of 15 xl containing 0.1 unit Taq polymerase,
500 nmi 32P end-labeled primer 2, and 500 mM unlabeled primer 4 over a total
of 10 cycles of PCR, as described above.

The PCR products were analyzed by electrophoresis on a 6% denaturing
polyacrylamide gel. PCR amplification was also performed on DNA extracted
from WBCs or from histologically normal tissue from each case.

Detection of Mutations in thep53 Gene. Exons 5, 6, 7, and 8 of the p.53
gene were amplified individually by PCR using published primer sequences
and conditions (30). Briefly, the PCR reaction mixture (total, 3 s.d) contained
genomic DNA (0.1 pg), 60 @MdNTPs, 32P end-labeled primers (0.1 ,xMeach),
1.5 mistMgCl2, 10 mMTris (pH 8.3), 50 mMKC1,and0.1 unitTaq polymerase
(Perkin-Elmer Corp., Norwalk, CT). Thirty cycles of PCR amplification were
performed. The annealing temperatures were 58Â°C, 62Â°C, 60Â°C, and 60Â°C for

exons 5, 6, 7, and 8, respectively. DNAs extracted from WBCs of each patient
were also amplified as normal controls. SSCP analysis was conducted at both
4Â°Cand 25Â°C,independently. Mutations were subsequently confirmed by
direct sequencing using Dye Terminator Cycle Sequencing Ready Reaction kit
(Perkin-Elmer Corp., Foster City, CA) and run on an Automatic DNA se
quencer, 310 Genetic Analyzer (Perkin-Elmer Corporation, Foster City, CA).

Detection of Mutations in the K-ras Gene. Exon 1 of the K-ras gene was
amplified using published primer sequences (31). Briefly, the PCR reaction
mixtare (total, 3 pA)contained genomic DNA (0.1 jxg), 60 @MdNTPs, 32P
end-labeled primers (0.1 ).@Meach), 1.5 mM MgCl2, 10 miss Tris (pH 8.3), 50
mM KCI, and 0.1 unit Taq polymerase (Perkin-Elmer Corp., Norwalk, CT).
Thirty cycles of PCR amplification were performed. SSCP analysis was
conducted at both 4Â°Cand 25Â°C,independently. Mutations were subsequently
confirmedby directsequencing.

Detection of p53 Overexpression by Immunohistochemistry. The p53
gene product was detected immunohistochemically using anti-p53 monoclonal
antibody (Biogenex, San Ramon, CA). The relative number of immunoreactive
cells was graded from negative to + + + as follows; â€”, no staining was
observed in any tumor cell; +, less than 10% of the tumor cells were stained;
+ + , between 10% and 50% of the tumor cells were stained; + + + , more than

50% of the tumor cells were stained.
Immunohistochemical Analysis of EpithelialfMesenchymal Cell

Markers. Paraffin blocks containing both epithelial and stromal elements
were selected for immunohistochemical evaluation. Four-,.@m-thick paraffin
sections were deparaffinized, rehydrated, washed in PBS, and stained with the
following antibodies: keratin (rabbit polyclonal, wide spectrum screening);
vimentin (mouse monoclonal); EMA (mouse monoclonal); and desmin (mouse
monoclonal; Dako Corporation, Carpinteria, CA).

RESULTS

Patterns of Chromosome X Inactivation. PCR of the HUMARA
target was successful using DNA extracted from both carcinomatous
and sarcomatous lesions, as well as from normal control tissues in all

Table 1 Characteristics of uterine carcinosarcomas

No. of cases (%)

Age
â€”39
40â€”49
50â€”59
60â€”69
70â€”79

80â€”
Histology

Carcinomatous component
Endometrioid carcinoma

Gl
G2
G3

Serous carcinoma
GI
G2
G3

Sarcomatous component
Homologous

Endometrial stromal sarcoma
Fibrosarcoma

Heterologous
Rhabdomyosarcoma
Chondrosarcoma

0(0)
4 (16)
9 (36)
8(32)
4(16)
0(0)

1(4)
9(36)
5(20)

0(0)
1 (4)
9(36)

9(36)
11(44)

3 (12)
2 (8)
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Table 2Clonalitv analysisof uterinecarcinosarcomax

Histology inactivation@' Exonp53

mutationp53

accumulationcK-ras

mutation

Exon CodonHistogenesisCodon

HISTOGENESIS OF UTERINE CARCINOSARCOMA

CaseHospitalâ€•AgeIOCUH50Serous

carcinomaG3AWV'Endometrial
strotnalsarcomaBWT2UCHSC70Endometrioid

carcinoma Gl
Endometrial stromal sarcomaA BWTWT3UCHSC48Endometrioid

carcinoma G3
Endometrial stromal sarcomaA BWTWT4OCUH65Endometrioid

carcinoma G2
Endometrial stromal sarcomaB B555UCHSC75Endometrioid

carcinoma G3
FibrosarcomaA A556UCHSC67Endometrioid

carcinoma G2
Endometrial stromal sarcomaA A777UCHSC79Serous

carcinoma G3
Endometrial stromal sarcomaB B778OPH57Endometrioid

carcinoma G3
FibrosarcomaB B779OCUH43Serous

carcinoma G3
FibrosarcomaB B8810UCHSC65Serous

carcinoma G3
FibrosarcomaB B881

1OPH68Endometrioid carcinoma G2
RhabdomyosarcomaB BWTWT12UCHSC71Serous

carcinoma G3
FibrosarcomaB BWTWT1

3UCHSC58Endometrioid carcinoma G2
FibrosarcomaA AWTWT14OPH41Endometrioid

carcinoma G3
FibrosarcomaB BWTWT15OUH57Endometrioid

carcinoma G2
ChondrosarcomaB BWTWT16OCUH63Serous

carcinoma G2
ChondrosarcomaB BWTWT17UCHSC54Endometrioid

carcinoma G3
Endometrial stromal sarcomaB BWTWT18OPH40Endometrioid

carcinoma G2
FibrosarcomaA AWTWI19UCHSC68Serous

carcinoma G3
FibrosarcomaA AWTWI20OUH52Endometrioid

carcinoma G2
EndometrialstromalsarcomaB BWT.WI21OPH69Serous

carcinoma G3
RhabdomyosarcomaA AWIWI22OUH56Serous

carcinoma G3
RhabdomyosarcomaNI NI7723UCHSC54Endometrioid

carcinoma G2
Endometrial stromal sarcomaNI NIWIWI24OUH63Endometrioid

carcinoma G2
FibrosarcomaNI NIWIWI25OPH57Serous

carcinoma G3
FibrosarcomaB BWI WI

+++
+++

+++

+++
+++

+++
+
+

+++

+
+

+
+

++
++

+
+

WI
WI
WI

WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI

WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI

WI

158 CGCâ€”CAC
158CGCâ€”SCAC
I76 IGC deletione
176 TGC deletion'@
248 CGGâ€”sTGG
248 CGGâ€”sTGG
245 GGCâ€”@GAC
245 GGCâ€”@GAC
244 GGCâ€”sAGC
244 GGCâ€”sAGC
278 CCIâ€”sICT
278 CCTâ€”sTCT
273CGTâ€”*TGT
273 CGIâ€”sIGT

238 TGIâ€”s'ITr
238 IGTâ€”@1Tr

Collision

Collision

Collision

Combination

Combination

Combination

Combination

Combination

Combination

Combination

12 GGTâ€”'GAT Combination
12 GGT-sGAT
12 GGIâ€”@GAI Combination
12 GGTâ€”Ã˜GAT
12 GGIâ€”@IGI Combination
12GGIâ€”sTGI
12 GGTâ€”@GT'I' Combination
12 GGTâ€”sGT1@
13 GGCâ€”'GAC Combination
13 GGCâ€”SGAC

Combination

Combination

Combination

Combination

Combination

Combination

Combination

Combination

Combination

l2GGI-@GCF NDâ€•

a OUH. Osaka University Hospital; OCUH, Osaka City University Hospital; OPH, Osaka Police Hospital; UCHSC, University of Colorado Health Sciences Center.

b A, the higher molecular weight of the HUMAR.4 target was inactivated; B, the lower molecular weight of the HUMARA target was inactivated; NI, not informative because the

case is homologous for the HUMARA target.
C The relative number of immunoreactive cells was graded; -. no stained; +, less than 10% were stained; + +, between 10% and 50% were stained; + + +, more than 50% were stained.

d WI. wild type.
e A 3-bp deletion of this case could be either a IGC deletion in codon 176, a CIG deletion between codons 175 and 176, or a GCI' deletion between codons 175 and 176.

1ND. not determined.

25 carcinosarcomas. Of 25 cases, 22 cases (88%) were heterozygous
for the HUMARA target, as revealed by the presence of two major
bands on electrophoretic analysis of the PCR products. Pretreatment
of the genomic DNA from both carcinomatous and sarcomatous
lesions with either HhaI or HpaII blocked amplification of one of the
two HUMARA targets in each case. The pattern of chromosome X
inactivation was the same for carcinomatous and sarcomatous lesions
in 19 cases but was different between the carcinomatous and sarcom
atous lesions in three cases (Table 2). By contrast, H/ia! or HpaII
pretreatment of DNA from normal control tissues failed to block
amplification ofeither HUMARA allele in each of the 22 heterozygous
cases (representative cases are shown in Fig. 1).

Detection of p53 Mutation. DNA derived from both carcinoma
tous and sarcomatous lesions were screened independently for p53
mutations in exons 5 through 8, where the majority of point mutations
are reported in human neoplasms by PCR-SSCP analysis of each

exon. Separate aliquots of PCR fragments were electrophoresed at
different temperatures (4Â°Cand 25Â°C).Samples that showed band(s)
with altered mobilities at 4Â°Cand/or 25Â°Cwere considered to contain
mutant alleles. Mutations in the p.5.3 gene were observed in 8 of 25
carcinosarcomas (32%), 2 in exon 5, 4 in exon 7, and 2 in exon 8. All
eight carcinosarcomas with p53 mutations showed aberrant band(s)
with identical mobility shift in both carcinomatous and sarcomatous
lesions, suggesting that identical mutations were present in both
components of the tumors. In all eight tumors, DNA from normal
control tissue showed two bands corresponding to the normal allele.

Direct sequencing subsequently confirmed that the identical mutations
were present in both components of the tumors (representative cases
are shown in Fig. 2). Of eight mutations, six were G:Câ€”+A:Ttransi
tion mutation (three of these are at the CpG site), one was G:Câ€”Ã·T:A
transversion, and one was a 3-bp deletion in exon 5 (details of the
mutations found are shown in Table 2).
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HISTOGENESIS OF UTERINE CARCINOSARCOMA

Fig. 1. Clonal analysis of carcinosarcoma using a PCR-based method (representative cases). Genomic DNA derived from carcinomatous lesion (Lane C) and sarcomatous lesion
of the tumor (Lane S) was digested with methylation-sensitive restriction enzyme HpaII, and PCR amplification was performed, targeting a highly polymorphic CAG repeat in exon
I of the androgen receptor gene, using @2Pend-labeled primer as one of the primers. PCR amplification was also performed on undigested genomic DNA. PCR products were
electrophoresed on a 6% denaturing polyacrylamide gel. As shown, PCR product from undigested template (Lane UD) derived from each component of the tumors yielded two primary
bands from each case (arrows), as well as secondary minor bands resulting from â€œstutterâ€•of the Taq polymerase on the HUMARA 5Th template (arrowheads). Cases 12, 16, and 21
(aâ€”c)are tumors with the same patterns of chromosome X inactivation in both the carcinomatous and sarcomatous components. PCR amplification from undigested DNA derived from
normal tissue (Lane N-UD) or either carcinomatous or sarcomatous lesion (Lanes C-UD and 5-UD) yielded two primary bands (arrows). Pretreatment of the genomic DNA from each
component of the tumors with HpaIl prior to amplification blocked amplification of the upper band from both carcinomatous and sarcomatous components in cases 12 and 16 (a and
b; LanesC-HpaIl andS-Hpalf).Pretreatmentof thegenomicDNA from eachcomponentof thetumorswith HpaII prior to amplificationblockedamplificationof the lowerbandfrom
both carcinomatous and sarcomatous component in case 21 (c; Lanes C-Hpall and S-HpaIf), whereas pretreatment of the genomic DNA derived from the normal tissue with Hpall
(Lane N-Hpalf) did not block amplification of either of the primary HUMARA bands. Cases 14 and 3 (d and e) are tumors where the two alleles differed in size by only 3 bp (one
short tandem repeat). PCR product from the undigested template (Lane UD) from each component of the tumors yielded two primary bands (arrows) and one stutter band derived from
the allele of lower molecular weight (arrowhead). Uniform pattems of chromosome X inactivation were identified in both carcinomatous and sarcomatous components (Lanes C-UD
and 5-UD). In case 14 (d), HpaII pretreatment of the genomic DNA blocked amplification of the upper band in both carcinomatous and sarcomatous components, suggesting that the
same allele was inactivated in both components. By contrast, in case 3 (e), HpaII pretreatment of the genomic DNA blocked amplification of the upper band in the carcinomatous
component but blocked amplification of the lower band in the sarcomatous component. This observation clearly demonstrates that case 3 is a collision tumor.

Detection of K-ras Mutation. K-ras activation was detected by
PCR-SSCP analysis and subsequently confirmed by direct sequenc
ing. Mutations in the K-ras gene were observed in 6 of 25 carcino
sarcomas (24%; Table 2). Of six tumors with K-ras mutations, five

tumors contained identical mutations in both carcinomatous and sar
comatous lesions (a GGTâ€”@GATmutation in codon 12 in cases 11
and 12, a GGTâ€”*TGTmutation in codon 12 in case 13, a GGTâ€”+GTT
mutation in codon 12 in case 14, and a GGCâ€”@GACmutation in
codon 13 in case 15). In contrast, one tumor (case 25) contained a
GGTâ€”*GCT mutation in codon 12 only in the carcinomatous lesion
but not in the sarcomatous component of the tumor (representative
cases of direct sequencing are shown in Fig. 2).

Detection of the p5.3 Gene Product by Immunohistochemistry.
The accumulation of the p53 gene product was detected using immu
nohistochemistry. Of 25 carcinosarcomas, 7 cases (28%) showed
immunoreactivity in more than 50% of tumor cells (Table 2). The

relative number of immunoreactive cells was identical in both carci
nomatous and sarcomatous lesions in all cases (representative case is
shown in Fig. 3).

The association of the p53 gene product accumulation and the
presence ofp53 mutation was evaluated. Detection of staining for p53
in greater than 10% of tumor cell nuclei (+ + to + + + staining)
correlated with detection of p53 mutation by PCR-SSCP
(P = 0.00484).

ImmunohistochemicalAnalysisof EpitheliallMesenchymalCell
Markers. A total of 25 carcinosarcomas were evaluated by immu
nohistochemistry using the epithelial markers, EMA and keratin, and

the mesenchymal markers, vimentin and desmin (Table 3). Carcinom
atous components showed positive EMA staining in 24 cases (96%)
and positive keratin staining in 25 cases (100%). Sarcomatous corn
ponents showed positive EMA staining in 8 cases (32%), and 13 cases
showed positive keratin staining (52%). Staining in the sarcomatous
components were usually patchy or focal in distribution and less

intense than that observed in carcinomatous components. Similarly,
sarcomatous components showed positive vimentin staining in 25
cases (100%) and positive desmin staining in 15 cases (60%). How
ever, carcinomatous components showed positive staining with vi
mentin in 15 cases (60%) and positive desmin staining in 4 cases
(16%). Immunoreactivity of the sarcomatous cells were usually dif
fuse and strong, but patchy or focal staining was found in the carci
nomatous components.

Histogenesisof Carcinosarcoma.Of the 22 cases thatwere in
formative for clonal analysis targeting HUMARA locus, pretreatment
of the genomic DNA from sarcomatous lesions with either HhaI or
HpaII blocked amplification of one of the two HUMARA targets in
each case. This observation shows that the mesenchymal components
of carcinosarcoma are monoclonal and are not a reactive response but
represent truly neoplastic lesions. Therefore, none of the cases in
cluded in the current study appear to represent â€œcompositiontumors.â€•

Three cases provided unequivocal evidence that these tumors rep
resented collision tumors. The remaining 19 tumors showed identical
patterns of chromosome X inactivation in both carcinomatous and

sarcomatous lesions. When cells from two lesions show identical
patterns of chromosome X inactivation, there remains a 50% proba
bility that the tumors could represent collision tumors. In such cases,
further molecular analyses are necessary to determine the relationship
of such tumors to one another. Nineteen tumors that showed identical
patterns of chromosome X inactivation in both carcinomatous and

sarcomatous components and 3 cases that were homologous for the
HUMARA target contained identical K-ras and p53 sequences in both
components of the tumors. Among these cases, nine showed exclu
sively wild-type K-ras and p53 alleles, eight showed identical p53

mutations in both components of the tumor, with wild type K-ras
alleles, and five showed identical K-ras mutations in both components
of the tumor but contained only wild-type p53 alleles. The identifi
cation of identical DNA sequences in multiple genetic markers sup
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Fig. 2. Sequencing analysis of the p53 gene and the K-ms gene in carcinosarcoma. A, a CGCâ€”ACACtransition in codon 158 in exon 5 of the p53 gene was detected in both
carcinomatous (Ca.) and sarcomatous (Sa.) lesions in case 4. B, a deletion of codon 176 in exon 5 of the p53 gene was detected in both lesions in case 5. C. a TGTâ€”alTI'transversion
in codon 238 in exon 7 of the p53 gene was detected in both lesions in case 22. D. a CGGâ€”sIGG transition in codon 248 in exon 7 of the p53 gene was detected in both lesions in
case 6. E, a CGT-+IGI transition in codon 273 in exon 8 of the p53 gene was detected in both lesions in case 10. F. a GGIâ€”sGAI transition in codon 12 of the K-ras gene was
detected in both lesions in case 11. G, a GGIâ€”a'GTFtransversion in codon 12 of the K-ras gene was detected in both lesions in case 14. H, a GGTâ€”'GCl'transversion in codon 12
of the K-ras gene was detected in the carcinomatous lesion but not in the sarcomatous lesion in case 25.

ports the hypothesis that these tumors are combination tumors that
arose from a single totipotential stem cell. Because the probability that
identical K-ras or p53 mutations may present independently in both
epithelial and mesenchymal lesions in collision tumors is very low, it
is more likely that the mutations occurred before the bidirectional
differentiation of the tumor-initiated totipotential stem cell. In other
words, these observations are strong evidence that these tumors are
combination tumors. One tumor (case 25) contained a GGTâ€”*GCT
mutation in codon 12 of K-ras only in the carcinomatous lesion but
not in the sarcomatous component of the tumor. The observations that
an identical pattern of chromosome X inactivation and an identical
p53 sequence was present in both lesions in this case support the

monoclonal origin of this tumor. Heterogeneity of the pattern of K-ras
mutation in this case may reflect bidirectional differentiation at a later
stage in the development of this tumor. Alternatively, K-ras mutation
may have occurred in only one of two histogenetically distinct com
ponents of the tumor.

Of 25 uterine carcinosarcomas, 21 tumors (84%) represented corn
bination tumors and 3 tumors (12%) represented collision tumors.
Histogenesis was not determined in one tumor. No cases of compo
sition tumors were found (Table 4).

DISCUSSION

The present study strongly supports the hypothesis that most car
cinosarcomas originate from a monoclonal cell population that sub
sequently undergoes differentiation into separate epithelial and mes
enchymal directions. However, our data indicate that about 10% of
carcinosarcomas may occur as collision tumors in which epithelial
and mesenchymal component develop from two independent cell
populations. This finding is in accordance with the report by Sreenan
and Hart (32), in which it was observed that 2 of 15 uterine carcino
sarcomas (13%) were possibly collision tumors from a clinicopatho
logical viewpoint.

Silverberg et a!. (1) analyzed the clinical behavior of 203 carcino
sarcomas of the Gynecological Oncology Group. They found that the
morphological features of the stromal component of the primary
tumors, including grade, mitotic index, and the presence of and types
of heterologous elements, were not related to the detection of metas
tases at the time of surgery. By contrast, high-grade, serous, and clear

cell carcinomatous components were associated with a higher fre
quency of metastasis. Either carcinoma alone or both carcinornatous
and sarcomatous components are usually found in the metastases from
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Table 4 Histogenesis ofcarcinosarcomaHistogenesisNo.

ofCases(%)Combination

tumor2184Collision
tumor312Composition
tumor00Not
determined14Total25100

Table 3 Immunohistochemical analysis of uterinecarcinosarcomaEpithelial

marker positiveMesenchymalmarkerpositiveEMA

(%) Keratin (%)Vimentin (%)Desmin(%)Collision

tumor (n = 3)
Carcinomatous component
Sarcomatous component

Combination tumor (n = 21)
Carcinomatous component
Sarcomatous component

Undetermined (n = I)
Carcinomatous component
Sarcomatous component

Total (n = 25)
Carcinomatous component
Sarcomatous component3

( 100) 3 ( 100)
1 (33) I (33)

20 (95) 21 (100)
7 (33) 12 (57)

1 (100) 1(100)
0 (0) 0 (0)

24 (96)
8 (32)1

(33)
3 ( 100)

14 (67)
2 1 (100)

0 (0)
1 (100)0

(0)
1 (33)

4 (19)
13 (62)

0(0)
1(100)

15(60)4(16)25(100)15(60)

HISTOGENESIS OF UTERINE CARCINOSARCOMA

these tumors (33, 34). These findings indicate that the carcinomatous
component ultimately determines the behavior of the tumor in most
cases. However, the sarcomatous component alone is found in the
rnetastases of 10â€”20%of carcinosarcornas, and in such tumors, din
ical outcome is determined by the sarcomatous components (15, 32,
35, 36). These findings suggest that although many carcinosarcomas
are combination tumors, in which the characteristics of the carcinom
atous component determines the clinical outcome, about 10% of
carcinosarcomas are collision tumors, in which the carcinomatous and
sarcomatous components developed independently. In such cases, the
portion that shows the more aggressive nature may determine the
clinical outcome. Therefore, the determination of histogenesis in cases
of carcinosarcoma could play an important role in guiding the man
agement of cases and predicting the clinical outcome. Those cases that
can be demonstrated to be collision tumors should be clinically treated
as concomitant carcinoma and sarcoma.

In the present study, we also examined the histogenesis of carci
nosarcomas by utilization of immunohistochemical markers associ

ated with epithelial and mesenchymal differentiation. Staining with

, A@
...S@ .â€” S

I . â€˜@:@

epithelial markers (EMA and/or keratin) was observed in all carci
nomatous components and was also seen in 32â€”52%of sarcomatous
components of both collision and combination tumors. Conversely,
positive staining with mesenchymal markers (vimentin and/or
desmin) was observed in all sarcomatous components and was also
seen in 33â€”67%of carcinomatous components of both collision and
combination tumors. Therefore, we found no reliable correlations
between the histological pattern of differentiation in carcinosarcoma
and the expression of either epithelial or mesenchymal markers in
individual lesions. These observations suggest that it would be diffi
cult to determine the histogenesis of carcinosarcoma based on immu
nohistochemical analysis alone.

Our current study shows that the application of molecular markers
may have a more useful role than immunohistochemical analysis for
the determination of histogenesis in cases of carcinosarcoma. The
analysis of clonality based on the determination of patterns of chro
mosome X inactivation has been well established (28). Earlier studies
used PCR amplification of a portion of the PGK-1 gene to demon
strate clonal composition of endornetrioid adenocarcinomas (37).
More recent studies have targeted highly polymorphic repetitive se
quences of the androgen receptor gene to show that most carcinomas
of the female reproductive tract and precursor lesions of endometrial
carcinomas are monoclonal (27, 28, 38). Recently, clonal analysis,

A targetinghypoxanthinephosphoribosyltransferasegene,wasapplied
by Thompson et a!. (39) to determine the histogenesis of carcinosar
coma. In their study, only 6 of 87 cases (7%) were informative, due
in large part to the low level of heterozygosity of the PCR target. By
this approach, it was found that all six informative cases showed an
identical pattern of chromosome X inactivation in both the malignant
epithelial and mesenchymal components of the tumor. From these
observations, it was concluded that most carcinosarcornas are combi
nation tumors. Clonality analysis permits the unequivocal diagnosis of
collision tumors when tumor cells from both carcinomatous and
sarcomatous lesions show different patterns of chromosome X mac
tivation. However, when cells from two lesions show identical pat
terns of chromosome X inactivation, as occurred in the study by
Thompson et a!. (39), there remains a 50% probability in individual
cases that the tumors could represent collision tumors. In such cases,
further molecular analyses are necessary to determine the relationship

of such tumors to one another.

25 (100)
13(52)
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Fig. 3. Immunohistochemical localization of p53. case 6. Strong nuclear staining is
present both in malignant pseudoglandular components (A) and in sarcomatous compo
nents (B) of the tumor. X220.
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I-IISTOGENESISOF UTERINE CARCINOSARCOMA

K-ras activation and p53 mutation are among those genetic alter
ations most commonly observed in human neoplasms (40â€”42). Ac
tivation of K-ras occurs in about 12â€”30%of endometrioid adenocarci
nomas of the uterus (43) but rarely occurs in uterine sarcomas.3
Mutations ofp53 gene occur in 25% ofendometrioid adenocarcinomas of
the uterus (44), in 23% of serous papillary carcinomas of the uterus (45),
and in 25% of leiomyosarcomas of the uterus (46). In the present study,
K-ras mutations were found in 6 of 25 (24%) carcinosarcomas of the
uterus, and p53 mutations were found in 8 of 25 (32%) carcinosarcomas.
All eight carcinosarcomas with p53 mutations showed identical muta
tions in both carcinornatous and sarcomatous lesions. Identical mutated
K-ras sequences were also observed in five tumors. These observations
suggest that mutations in K-ras and p53 gene occur as an early event, and
pmbably as an initiating event, before the biphasic differentiation of the
tumors. Moreover, the fact that K-ras activation is rarely found in pure
leiomyosarcoma or endometrial stromal sarcoma3 but is frequently found
in endometrial carcinoma may support the conversion tumor hypothesis
that at least some sarcomatous lesions result from â€œsarcomatoidâ€•mets
plasia of carcinomas.

In summary, we demonstrated through the application of combined
molecular and immunohistochemical markers that most but not all
cases of carcinosarcoma may represent combination tumors. Further
studies may be warranted to confirm these initial findings in an
expanded number of cases. Although molecular markers may one day
play an important role in the classification of these tumors, to deter
mine cancer therapy solely on the results of molecular analysis re
quires further investigations prior to clinical implementation.
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