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Summary. Transdi fferentiation is a process in which a 
ce ll committed to a particular specialization changes to 
ano th e r q uit e di s tin c t type . It occ urs durin g 
embryo log ica l deve lopment and so me path olog ica l 
processes, and ca uses th e tum or ce ll s to ex press a 
phe no type diffe re nt fro m th a t o f th e ir no rm a l 
proge nit ors . Neopl as ti c transdi ffe renti ation in vo lves 
path oge nes i of ca ncer subtype, trans iti o n be twee n 
neoplastic epithelia and neuroendocrine ce ll , transiti on 
betwee n neopl astic epithel ia and mesenchyme, as well as 
tr ans iti o n be twee n no n-n e ur oe ctoderm a l a nd 
neuroectoderm al ce lls. We propose that di fferenti ation 
di sturb ance of ca nce r ce ll s should include not onl y 
lowe r- , uno , or dc-di ffe re nti a ti o n, but a lso 
transdiffe renti ati on. Tum or ce ll transdi ffe renti ati on 
res ult s fro m ge neti c in stabiliti es . In so me type of 
neoplas tic tra nsition, the initi ation may be induced by 
ex tracellular matrix and growth factors. 

Key words: Neo pl as ti c ce ll s, Transdiffe renti a ti o n, 
Histogenesis. Genetic instability 

Introduction 

Di fferenti ati on may be defin ed as the process by 
whi ch ce ll achi eves its speciali za tion in function and 
structure. Di ffe rentiation implies that a cell has sw itched 
on a particular set of genes. Before the phenotype of cell 
can be expressed and recognized in th e di ffe renti ation 
process, there is a stage in which the developmental fate 
of th e ce ll is es tabli shed. Thi s s tatu s is ca ll ed ce ll 
commitm ent (o r de te rmin a ti o n) . No w we rega rd 
co mmitment as be in g encoded as a co mbin ati on of 
transcription fac tors present in the ce iL 

Once ce ll s a rc co mmitt ed, th e ir di ffe renti ati o n 
dir ec ti o ns to s pec ia l ph e no types a re s tab le and 
inheritab le. When a ce ll's commitment to a particul ar 
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specializa tion changes to another quite distinct type, the 
ce ll is sa id to be transcommilted (transdetermined) and 
tr ansdiffe re nti a ted . T he ph e no me no n of tr ans
de te rmin a ti o n was di scove red fir s t in Droso phil a 
development. It was found that mutants may cause fruit 
fl y to deve lop a seco nd pair of wings or grow legs 
instead of antennae on the head (Wang, 1990). We now 
know this is because of homeotic gene mutation. Eguchi 
and Okada demonstra ted through c lonal ce ll culture 
studi es th at retin al pi gment ed epitheli al ce ll s fr om 
chicken embryo at a late developmental stage can sw itch 
their ce ll type to those of lens celis, and develop lentoids 
(Eguchi and Okada, 1973). 

In th e no rm a l deve lo pm e nt of a ny e mbr yo, 
trans iti ons be twee n diffe rent ce ll types have to be 
occurred at so me stages. At th e bl as tul a stage of an 
embryo, onl y single ce ll type proto-epithelium ex ists. 
All ti ss ues and ce ll s of adult are deri ved from thi s 
embryonic epithelia. The transition of proto-epithelium 
to primitive mesenchyme is the first and most important 
s tep in o nt oge nes is. During o rga noge nes is, ce rt ain 
primitive mese nchyme may rega in epithelial phenotype. 
For exampl e, the highl y pro li fe rati ve mesenchyme of 
metaneph ric blastema is converted into primitive renal 
vesicle (epitheli al structure). It is known the migratory 
neural crest ce lis in vertebrate embryo may differentiate 
into a large variety of derivatives, including the so-called 
mesectoderm , which plays a crucial role in the formation 
of connecti ve and skeletal structures of the head . 

Some fe ta l epith e li a s till re ta in th e potenti a l to 
change into mesenchymal ce ll s. During development of 
the fe tal pal ate, two palatal shelves fuse at the midline. 
Epith eli a l ce ll s o n eac h s id e of th e fu sed a rea are 
co nve rted into fibro bl as ts (Fitche t and Hay, 1989; 
Griffith and Hay, 1992). 

In the adult body, transition between different types 
o f epith e lium may be a no rm al ph eno meno n. The 
superfici al layer of the stratified squ amous epithelium 
lining the mouse vagina changes cyclica lly into cuboidal 
mucinous ce lls in response to sex hormones secreted 
during the normal estrous cycle (Horvat et al. , 1992). In 
pathologica l conditions, mature epithelial ce ll s of one 



1250 

Transdifferentiation in neoplastic development 

phenotype change into another, a process called 
epithelial metaplasia. 

The members of the family of connective-tissue cells 
are related and to an unusual extent interconvertible. 
This family includes fibroblasts, fat cells, cartilage cells, 
bone cells and smooth muscle cells. Among them, 
fibroblasts seem to be the most versatile, displaying a 
remarkable capacity to differentiate into other members 
of the family. 

In the adult body, epithelial and mesenchymal cells 
as derivatives of different germ layer autonomously 
maintain their respective character and pass it on to their 
respective progeny. That is to say, normal epithelium and 
mesenchyme cannot change into each other in vivo. Cell 
culture experiments demonstrate that even when cells 
are removed from their usual environment, they and 
their progenies generally remain true to their original 
instructions. Decidual stromal cells and fetal fibroblasts 
from skin, chorionic villi, and lung may express CK8,18 
and 19 when cultured in either Condimed or Chang 
conditioned medium , but not in young or adult skin 
fibroblast cultures using the same cultured conditions 
(von Kaskull and Virtanen, 1987). 

Traditionally, we used to think that during neoplastic 
transformation, cells do not change their state of 
commitment (determination), what is altered is the 
probability of a precursor cell proceeding down a 
predeterminal differentiation pathway. According to 
such view, the malignant neoplasms are described as a 
wide range of parenchymal cell differentiation, from 
those well- to those poorly- and to those completely un
or de-differentiated. However, it was suggested that 
transdetermination and then transdifferentiation should 
be recognized as another kind of differentiation 
disturbance in neoplasia, causing the tumor cells to 
express a phenotype different from that of their normal 
progenitor (Zhang and Xie, 1994). 

PathogeneSiS of cancer subtype 

Cancers of various organs, which originate from the 
same cell, may comprise several subtypes with different 
histological characteristics and varied biological and 
clinical behavior. The possible cause of this 
heterogeneity has been investigated by several research 
groups recently. From the results of these investigations, 
we begin to understand that the different type of genetic 
instability may underlie the subtypes and predispose the 
tumors to different genetic alterations. 

In their review, Pierotti et at. summarized genetic 
findings in the analysis of thyroid tumors: (1) Well
differentiated carcinomas of the papillary type are 
characterized by a high frequency of RTK (receptor 
tyrosine kinase) genes, RET and NTRK1 proto
oncogenes. In the majority of cases, intrachromosomal 
inversions of chromosome 10 and alteration of 
chromosome 1 activate RET and NTRK1 oncogenes 
respectively. (2) RAS point mutations are frequently 
observed in tumors with follicular histology. (3) The 

TP53 point mutation is detected almost exclusively in 
undifferentiated or anaplastic carcinomas (Pierotti et aI., 
1996). 

Przygodzki et a!. compared mutation type and rate of 
K-ras-2 and p53 gene in 22 pleomorphic (giant and spi 
ndle cell) carcinoma (PC), 42 squamous cell carcinoma 
(SqC) and 97 adenocarcinoma (AdC). K-ras-2 point 
mutations were not shown in SqC, whereas 9% and 36% 
frequency were found in PC and AdC respectively. 14% 
of PC had p53 point mutations, significantly fewer than 
did AdC (27%) or SqC (43 %). The p53 mutation in PC 
was more common in exon 7, whereas those in SqC and 
AdC were more frequent in exon 8 (Przygodzki et aI. , 
1996). 

Lax et al. compared the frequencies of K-ras and p53 
mutations and microsatellite instability between uterine 
endometrioid carcinoma (UEC) and uterine serous 
carcinoma (USC). The predominant genetic alteration in 
USC was p53 mutation, whereas MI and K-ras 
mutations were more common in UEC, with p53 
mutations confined predominantly to a subset of high 
grade tumors (Lax et aI., 2000). 

Otis et al. investigated 34 ovarian epithelial tumors 
of different cell types and biological behavior for loss of 
heterozygosity (LOH) of tumor suppressor genes by 
PCR. Their results showed that LOH for TP53, 
D 17S579/BRCA1 and ESR was frequent in ovarian 
serous cystadenocarcinomas (SCa) , but was infrequent 
in clear cell carcinomas (CCa) and in serous tumor of 
low malignant potential (SLMP) (Otis et aI., 2000). 

To analyse phenotypic and genotypic changes in 
gastric cancer (GC), Wu et a!. used CGH to assess global 
chromosomal aberrations. The results showed that gains 
on 8q and 17q, and losses on 3p and 5q were higher in 
intestinal GC than in diffuse GC; gains on 13q were 
more common in the diffuse type (Wu et aI., 2001). 

Gi.inther et al. present a correlation analysis between 
the histological type of 19 invasive lobular carcinomas 
(LCs) and 29 invasive ductal carcinomas (DCs) and their 
unbalanced chromosomal aberrations using CGH. They 
found that the patterns of DNA gains and losses showed 
similarities in both groups, suggesting a common 
pathway of tumorigenesis; but LCs in comparison to 
DCs were characterized by higher frequencies for loss of 
16q,17q and 22q and a lower incidence for gains of 8q 
and 20q (Gi.inther et a!., 2001). 

In sum, these data suggest that different cytogenetic 
and/or molecular genetic pathways are involved in the 
pathogenesis of various subtypes of cancer. The 
variation of phenotype in histological subtypes results 
from neoplastic differentiation disturbances, including 
not only lower- to un-differentiation, but also 
transdi fferentiation. 

Transition between neoplastic epithelia and 
neuroendocrine cell 

Now it is believed that neuroendocrine (APUD) cells 
are derivatives of two different systems, the neural crest 
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and endoderm. In an editorial, Andrews et al. (1998) 
drew attention to the conclusion that gut and pancreatic 
neuroendocrine cells arise from endoderm. 

Whatever the origin be, the neoplastic epithelia and 
neuoendocrine cells may be converted to each other in 
some conditions. The same carcinoma cell may express 
both neuroendocrine and exocrine features, or exhibit 
glandular, squamous and neuroendocrine (McDowell 
and Trump, 1981; Hammer et aI., 1992). 

Experimental proliferation of hamste r bronchial 
neuroendocrine cells may show squamous or exocrine as 
well as neuroendocrine differentiation (Gould, 1986). 
The cell type of metastatic tumor of the pulmonary 
neuroendocrine carcinoma may be squamous and/or 
glandular. 

When only a single cell of clonalized human rectal 
adenocarcinoma was transplanted into a nude mouse or a 
single cell of clonalized rat intestinal adenocarcinoma 
was transplanted into a nude rat , they both grew to form 
tumors consisting of columnar, mucoid and 
neuroendocrinal cells (Cox and Pierce, 1982; Kirkland, 
1988). Growth of cecal adenocarcinoma-derived cells on 
surfaces coated with a combination of type IV collagen 
and heparan sulfate proteoglycan res ulted in both 
adhesion and induction of neuroendocrine 
characteris tics. Neuroendocrine differentiation was 
found to be highly stimulated when cells were grown on 
intact, naturally occurring stroma (amniotic membranes, 
stripped colonic mucosa, fibroblast cells) (de Bruine et 
aI., 1993). 

Neuroendocrine cells are significantly more 
abundant in prostate cancer than in benign human 
prostate tissue and increase coordinate with progression 
of pros tate cancer to advanced or hormone-resistant 
states. Wh e n the prostate cancer cells (LNCaP) are 
cultured by supplementation of cultures with interleukin 
6 or in a medium deprived of steroid hormones , the 
cancer cells may change into NE-like phenotype . The 
experiment of Burchardt et al. showed that exposure 
of LNCaP cells to a hormone deficient medium 
drastically increased cyclic AMP production and this 
may identify the biochemical pathway through 
which hormone depletion induces a neuroendocrine 
conversion of prostate cancer cells (Burchardt et aI., 
1999). 

Neoplastic epithelial-mesenchymal transition 

When epithelia is converted into mesenchyme, the 
cells no longer express epithelial characteristics, such as 
cell polarity, cell adhesion molecules including cadherin, 
desmoplakin, catenin, and keratin containing 
intermediate filments. Instead, the cells acquire 
fibroblast-like properties. 

Epithelial-mesenchymal transition occurs during 
tumor progress ion; i.e., invasion and metastasi s of 
carcinoma cells. The malignant mesenchyme-like cells 
gain the potential to break through the basement 
membrane and invade the underlying mesenchyme. 

Pathogenesis of neoplastic epithelial-mesenchymal 
transiiton (EMT) 

Dedifferentiation 

The process of transdifferentiation from retinal 
pigmented epithelial cells to lens cells passes through a 
dedifferentiated state. Such dedifferentiated cells showed 
no transcription of genes that are specific to either 
pigment cells or lens cells and had an increased 
expression of c-myc and high mitotic activity (Agata et 
aI., 1993). In numerous instances, dedifferentiation is the 
essential prerequisite for epithelial-mesenchymal 
conversion. From the dedifferentiated state, the cells 
differentiate to another phenotype. This course is 
transcriptionally regulated and called redifferentiation. 

Coexpression of cytokeratin and vimentin in 
carcinoma cell may be held as a transitional appearance 
from epithelial dedifferentiation to mesenchymal 
redifferentiation. Comparing the vimentin expression in 
renal cortical tubules or mammary epithelial cells of 
normal tissues, non-neoplastic hyperplastic lesions, 
benign tumors, and carcinomas, it was found that the 
dedifferentiation was associated with vimentin 
expression (Gould et aI., 1990; Ward et aI., 1992). 

Effects of extracellular matrix molecules in EMT 

Avian notochord epithelial cells, avian limb 
ectoderm and embryonic corneal epithelium, adult 
bovine corneal endothelium, and adult bovine or rodent 
thyroid follicles can be induced to form mesenchyme 
when suspended in 3D collagen gels (Hay, 1993). In this 
process, epithelial phenotypes, such as cytokeratin, cell 
junction and apical-based polarity, are lost in the 
elongated and vimentin-positive cells, i.e., fibroblasts, 
which emigrate from the former surface of the explant. 
When the cultured cell line NBT-II of a rat bladder 
carcinoma was attached to the collagen type I in the 
medium, or substitute for serum, ultroser G, was added 
to the medium, the cancer cell of epithelial type may be 
converted into the fibroblast type. If the inducing factors 
are removed, the epithelial phenotype may be restored 
(Boyer et aI., 1989). 

Effects of growth factors in EMT 

The effects of differentiation, dedifferentiation and 
redifferentiation require a coordinated network that 
simultaneously controls cell growth and differentiation. 
Differentiation-induced cells progress through the Go'
arrest cycle, whereby a certain population retains the 
capacity to de- and re-differentiation and reenter the cell 
cycle. In contrast , the rest of th e differentiat e d 
population enters the irreversible GO phase (terminal 
commitment) that finally results in programmed cell 
death (Hass, 1994). By the receptor-mediated actions 
and via intracellular second messengers, growth factors 
stimulate the cells in the quiescent Go phase of the cell 
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cycle. When the transcription factors are activated, DNA 
synthesis is initiated and followed by cell division and 
dedifferentiation, or further redifferentiation. 

Cultured neonatal rat hepatocytes (Pagan et aI., 
1996), mouse mammary gland epithelial cells 
(NMuMG) (Miettnen et aI., 1994), nasophanryngeal 
carcinoma cells (CG -I ) (Chen et aI., 1994), and rat 
bladder carcinoma NBT-II cells (Valles et aI., 1990) can 
all undergo an epithelial -mesenchymal transition, when 
the medium contains growth factor, such as EGF, TGF
alpha, -beta, or some subtypes of FGF. Within a few 
hours of the addition of nanogram quantities of these 
factors, the peripheral cells of NBT-II epithelial islands 
start to detach and migrate. Within 10-15 hours, all cells 
are converted into fibroblast-like cells. These changes 
are reversible by withdraw of the growth factors. 

Expression of growth factor receptor may influence 
the regulation of E-cadherin-mediated cell adhesion. 
There is increasing experimental evidences to suggest 
that epidermal growth factor receptor tyrosine 
phosphorylation may lead to the inactivation of the E
cadherin/catenin complex in cancer cells through its 
interaction with beta- or gama-catenin in the 
cytoskeleton (Jawhari et aI., 1999). Hypatocyte growth 
factor/scatter factor has been shown to produce similar 
effects of EGF, with phosphorylation of catenins 
(Crepaldi et aI., 1994). 

Piek et al. reported that TGF-beta-l receptor and its 
effector, Smad proteins mediate the NMuMG epithelial 
to mesenchymal transition. Their experimental results 
showed that TGF-beta-1 strongly induced Smad2 
phosphorylation and the nuclear accumulation of Smad2 
and/or Smad3 (Piek et aI., 1999) . Bhowmick et al. 
demonstrated that TGF-beta rapidly activates RhoA
dependent signaling pathways in NMuMG epithelial 
cells to induce stress fiber formation and mesenchymal 
characteristics, and that blocking RhoA or its 
downstream target p160ROCK, by the expression of 
dominant-negative mutants, inhibited TGF-beta 
mediated epithelial-to-mesenchymal transdifferentiation. 
The Rho family of small GTPases is regulator of the 
actin cytoskelaton and cadherin junction. Bhowmick et 
al. pointed out that TGF-beta-induced SMAD-mediated 
transcriptional activation may be dependent on RhoA 
activity (Bhowmick et al., 2001). 

Dandachi et al. examined 128 breast carcinomas, 
and found a significant association between tenascin-C 
(TN-C) and vimentin (Vin) expression in cancer cells. 
TN-C expression also correlated positively with 
overexpression of c-erbB-2 oncoprotein and down
regulation of oestrogen receptors . TN-C is a large 
hexameric multidomain glycoprotein of the extracellular 
matrix (Dandachi et aI., 2001). 

Function of Ki-Ras oncogene and tumor-suppressor 
gene RB in EMT 

Ellenriede et al. used TGF-beta to treat TGF-beta
responsive and nonresponsive pancreatic cancer cell 

lines with activating mutations of the Ki-ras oncogene. 
The role of the Ras-mitogen-activated protein kinase 
(MEK)-extracellular signal-regulated kinase (ERK) 
cascade in mediating TGF-beta-induced morphological 
and functional effects were studied by pretreatment with 
the MEK1 inhibitor PD98059 and by measuring ERK 
activation using immune complex kinase assays. In 
TGF-beta-responsive pancreatic cancer cells with 
activating Ki-ras mutations, TGF-beta treatment caused 
an epithelial-mesenchymal transdifferentiation with a 
more invasive phenotype. It is concluded that cross-talk 
with the Ras-MEK-ERK-signaling cascade appears to be 
essential for mediating these effects of TGF-betal 
(Ellenriede et aI., 2001). 

SV40 T antigen (LT) is an oncoprotein that 
inactivates nuclear regulators such as retinoblastoma 
(RB) family proteins and p53. Martel et al. showed that 
specific RB inactivation by LT induced dedifferentiation 
of nontumorigenic epithelial MOCK (Madin-Derby 
canine kidney) cells, which transformed into highly 
invasive fibroblastoid cells with the creation of a 
HGF/ SF autocrine loop. These changes were 
concomitant with a massive apoptosis at high density 
and a strong down-regulation of c-myc. The stable 
retransformation of MOCK (LT) with a RB and/or c
myc-expressing vector may partially restored the 
expression of epithelial characteristics. These results 
indicated that two nuclear regulators, RB and/or RB
related proteins and c-myc, playa crucial role in 
regulating the plasticity of the epithelial phenotype in 
both normal and pathological situations (Martel et al., 
1997). 

Transition of carcinoma to carcinosarcoma 

Recent years, the findings from comparative 
molecular analysis of the epithelial and mesenchymal 
components strongly supported monoclonal 
multidirectional histogenesis of carcinosarcomas. Those 
findings have all shown the carcinomatous and 
sarcomatous elements to share common genetic 
alterations (Thompson et aI., 1996; Abein et aI., 1997; 
Wada et al., 1997; Kounelis et al., 1998; Fujii et al., 
2000). Generally, it is suggested that there is a single 
totipotential stem cell, which gives rise to the 
multiphasic appearance of carcinosarcoma. If this is true, 
the totipotential stem cell should coexist with tissue
determined specific stem cell that gives rise to 
carcinoma, then, how the great disparity in incidence 
between carcinoma and carcinosarcoma does occur. 

We have known that the normal and neoplastic 
epithelial cell may be converted into mesenchyme, it is 
logically to deduce that the carcinosarcoma originate 
from transdifferentiation of carcinoma cell. In fact, 
clinically, the carcinoma may progress into 
carcinosarcoma. Some examples of pure endometrial 
carcinoma-carcinosarcomatous metastases conversion 
have been documented. One of them is a case of 
endometrial carcinoma that metastasized to the omentum 
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as a combination of carcinoma and rhabdomyosarcoma. 
The entire endometrium had been submitted for 
histologic examination and no sarcoma element was 
found (Sreenan and Hartn, 1995). Additionally, it was 
reported that carcinosarcoma may arise in duct 
papilloma of breast or sweat gland adenoma (Mckee et 
aI., 1990; Pitt et aI., 1995). In two cases of the 16 
gynecological carcinosarcomas with homogeneous or 
heterogeneous patterns of LOH, Fujii et al. found the 
specific patterns of genetic progression to be consistent 
with sarcomatous components of the neoplasms arising 
from carcinomatous components (Fujii et aI., 2000). 
When the cultured rat hepatocytes were transformed by 
methyl-nitro-nitroso-guanidine and then transplanted 
into homogenous rats, they grew up into each of the 
following tumor types: epidermoid carcinoma, glandular 
carcinoma, hepatocarcinoma, undifferentiated 
carcinoma, sarcoma, and carcinosarcoma (Tsao and 
Grishan, 1987). 

Origin of pleomorphism in pleomorphic adenoma 

Recently, Aigner et al. using histochemical methods, 
immunohistochemistry, and in situ hybridization to 
observe the extracellular matrix gene expression in 
pleomorphic adenoma, including epithelial- and 
mesenchymal-type mucopolysaccharides, cartilage 
typical glycosamino-glycans, CK, actin, Vim, S-100, 
collagen II, IV, X, laminin, and aggreecan core protein 
mRNA. For simultaneous detection of agreecan mRNA 
and cytokeratin polypeptides, in situ hybridization and 
subsequent immunohistochemistry were performed with 
double-labeling experiments. They found areas with 
unequivocal epithelial and mesenchymal differentiation 
in the tumor tissue. Many areas displayed a transitional 
phenotype with cells showing both epithelial and 
mesenchymal features. Their data provide evidence that 
in benign tumor the neoplastic epithelial cells 
transdifferentiate into mesenchymal cells (Aigner et aI., 
1998). 

Neoplastic mesenchymal-epithelial transition 

As mesenchyme transforms to epithelium, the 
intermediate filament is changed from vimentin to 
cytokeratin, and the non-polarized, loosely associated 
cells compact together to form polarized, closely 
associated cells. The compaction of cells is mediated by 
E-cadherin in a process that is mechanistically analogous 
to integrin mediated spreading of fibroblasts on an 
extracellular matrix substrate. It is suggested that the 
mechanism controlling E-cadherin activation in the 
mouse embryo probably involves alteration in the 
catenin cytoplasmic plaque protein, in the actin 
cytoskeleton, or in the interactions between them 
(Gumbiner, 1996). Birchmeir and Behrens (1994) 
pointed out that the endogenous E-cadherin promoter 
region is inaccessible in nonepithelial cells, then 
regulation of epithelial-specific expression of E-cadherin 

is largely due to specific suppression of promoter 
activity in non epithelial cells rather than specific 
activation in epithelial cells. 

Expression of epithelial marker in normal and neoplastic 
mesenchyme 

Neoplastic cells with coexpression of Vim and CK 
(and/or EMA) or expression of E-cadherin, or with 
epithelial-like morphology may be found in some 
primary mesenchymal tumors. 

In cultures of vimentin positive , transformed 
mesenchymal cell lines, including SV40-transformed 
human fibroblasts, rhabdomyosarcoma, rat smooth 
muscle-derived cells, murine sarcoma and hamster 
BHK-2 cells, a small number of scattered cells were 
immunocytochemically positive for CK8 and 18. When 
the cultures of human SV80 fibroblasts were treated with 
5-aza-c, the frequency of CK-positive cells increased 
significantly, but none of them turned positive to 
desmosomal proteins (Knapp and Franke, 1989). 

Using the monoclonal antibody HECD-l, raised 
against the extracellular domain of E-cadherin, 
immunoreactivity was found in a minority of various 
soft tissue tumors, especially those with epithelioid 
features, including pleomorphic rhabdomyosarcomas, 
clear cell sarcomas, epithelioid sarcomas, synovial 
sarcomas and diffuse mesotheliomas (Sato et aI., 1999). 

Treatment with 5-aza-c induces the formation of a 
low proportion of CK8-containing intermediate 
filaments in murine fibroblastoidal or myoblastoidal 
cells derived from teratocarcinoma cells, with 
coexpression of CK18 and/or 19 in some of those cells. 
Rare stable cell lines of these display true epithelial 
morphology with typical desmosomes and CKs other 
than 8 and 18 (Semat et aI., 1986). 

Ela gene of adenovirus may act as a tumor 
suppressor gene in certain human tumor cell lines. Frish 
demonstrated that Ela expression partially convert 
several human tumor cells (rhabdomyosarcoma, 
fibrosarcoma, osteosarcoma, etc) and fibroblasts into an 
epithelial phenotype (Frisch, 1994). 

Coexpression of the human Met receptor (met is an 
oncogene) and its ligand, HGF/ SF, in NIH3T3 
fibroblasts cause the cells to become tumorigenic in 
nude mice. Tsarfary et al. reported that the resultant 
tumors display lumen-like morphology, contain 
carcinoma-like focal areas with intercellular junctions 
resembling desmosomes, and coexpress CK and Vim 
(Tsarfary et aI. , 1994). 

Synovial sarcoma-Real carcinosarcoma 

Synovial sarcoma should be identifies as a kind of 
carcinosarcoma or carcinoma of mesenchymal tissue 
(Chadially, 1987). The spindle cell type monophasic, 
biphasic , and glandular type monophasic synovial 
sarcoma may be regarded respectively as sarcoma, 
carcinosarcoma and carcinoma in the differentiation 
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spectrum of thi s neopl asm. 
A c harac te ri s ti c trans locati o n t(x; 18) (pll ;q11 ) is 

see n in almost a ll sy nov ia l sarcoma w ith inform ati ve 
karyotypes. The transloca tion fuses the S YT gene fro m 
chromosome 18 to e ither o f hig hl y ho mologous genes at 
Xpll , SSX l a nd SSX2, loca ted in th e v ic init y o f 
o mithine aminotransferase-like (OATL) pseudogenes 1 
and 2, respec tively. The encoding SYT-SSX c him e ric 
proteins are thought to be involved in the transcriptional 
deregulation of certain tumorigenic ta rget genes. 

Kawa i e t a l. (1998) and A nto nescu e t a l. (2000) 
a na lyze d SYT-SSX fusi o n tr a nsc ript s in 45 a nd 73 
sy no vi a l sa rco m as , respectiv e ly, a nd compa red th e 
results w ith relevant clinical and patho logica l data. Both 
of them fo und a strong assoc iation o f SYT-SSX fus ion 
transcript type w ith the histologic subt ype and confirmed 
ea rli e r F ISH results fro m th ree ind epe nd e nt s tudi es 
including a total of 23 tumors. 

T he re po rt by Ant o nesc u e t a l. indica te th at th e 
mo no ph as ic types o f sy nov ia l sa rco m a (w ith S YT
SSX2) have a s ig ni fica ntl y hig her ki-67 labe ling index 
th a n biph as ic ty pes ( with S YT-S S X1 ), howeve r, 
apoptos is was rarely obse rved in e ither type , cons is tent 
w ith prominent expression of the anti-apoptosis prote in 
bcl-2 in almost all cases. The bcl-2 protein express io n 
was strong in spindle ce ll s in contrast to the wea k o r 
nega tive reac ti v ity observed in epithe li a l ce ll s. BcI-2 
pos iti ve s pindl e ce ll s co ns is te ntl y s urro un de d th e 
negative epithelial e lements, a pattern confirmed by the 
studies of Antonescu et al. and other investigators. The 
spindle and adenomatous elements in biphasic synov ial 
sa rcoma may be analogous to the undi ffe rentiated and 
we ll-di ffe renti ated elements of carc inoma, confirming 
that bcl-2 protein expression is indeed di ffe rent between 
two areas of the biphasic tumor (Antonescu et aI. , 2000). 

Other kinds of carcinosarcoma or carcinoma occuring in 
the mesenchymal tissue 

Epithelio id sarco ma 

Epithelioid sarcoma may be hypothes ized as a type 
of mese nch ym a l ca rc in o ma w ith s impl e epith e lium 
di ffe re nti a ti o n . Elec tro n mi c rosco pi c fi g ures o f th e 
tumor showed a spectrum of ce llular di ffe rentiation from 
f ibro hi s ti ocyti c c e ll s to e pithe li a l- ty pe ce ll s wi th 
junctions, microvilli , and tonofil aments. All the tumors 
di spl ay both v imnetin and epithe li a l markers, just like 
so me poorl y differe nti a ted ca rc ino ma ce ll s . In some 
cases th e tum o r ce ll s may coex press ne uro fil ame nt 
protein , N ES, o r eve n sy napto phys in (Ge rh arz e t a I. , 
1990). 

Malig nant mesothelioma 

The regenerating meso thelium may o rig inate f rom 
e ith e r th e s urro undin g uninjured m eso th e li a l ce ll 
population o r the subserosa I ce lls . It is suggested that the 
subse rosa I cell is di stinct from other connective tissue 

cell s in its abilit y to coexpress vimentin and cy tokeratin , 
and se rves as the replica ted ce ll w hich can di ffe renti ate 
into surface epithelium (Bolen et aI. , 1986). Malig nant 
meso thelio ma orig inates from subse rosa I mesench ymal 
ce ll. As its normal progenitor possesses bidifferenti ated 
p o te nti a l , thi s tum o r m ay s ho w a diffe re nti a ti o n 
s p ec trum fr o m s arco m a to ca rc in osa rco m a a nd 
ca rc ino ma. 

Adamantinoma of long bone 

Adamantinoma of lo ng bone composed o f epitheli al 
and fibrous compo nents is close ly related to osteofibrous 
dysplas ia (O FD). Hazelbag et al. s tudied the immuno
reactivity of co llagens I, III , and IV, fib ronectin , laminin , 
and tenascin in the fibrous and epithelia l components of 
21 adamantin o ma ti ssue, co mparing w ith 3 sy nov ia l 
sa rcomas. They found : (a) foca l dens ities o f basement 
membrane substances in OFD-like areas with keratin 
pos it ive ce ll s, (b ) in c rease of base me nt me mbra ne 
continuity with ga in of histologica l di stinction between 
e pith e li a l a nd f ibro us co mp o ne nt s, and (c ) s tro ng 
tenascin reacti vity directl y surrounding well-deve loped 
e pithe lia l fi e lds, w ith weaker s ta ining mo re di stantly. 
This is in analogy to the synov ial sa rcoma. Haze lbag et 
a l. s ugges te d th a t th e e pith e li a l co mp o ne nt in 
adamantino ma may be transfo rm ed directl y fro m th e 
osteofibro us tissue (Haze lbag e t a I. , 1997). 

Non-neuroectodermal tumors with neural or 
melanocytic phenotype 

T he expression of " neural" markers does not signify 
a neuroectodermal orig in. For example, a lthoug h normal 
mesenchyme does not express neural diffe rentiation, but 
" neura l" markers may be found in mesenchymal tumors. 
Sy nov ia l sa rco m a m ay be immun o hi s toc he m ica ll y 
pos itive for neurofilament 68kd , S-1 00, NSE, Leu-7 and 
GFA P (Noguera et aI. , 1998); epithelio id sa rcoma ce lls 
ex press neuro fil ament , NSE and sy naptophys in pro tein 
(Gerh arz et aI. , 1990); MFHs show ne urofilament and 
neural associated antige n pos itive (Lawson et aI. , 19S7). 
Mo le naa r a nd Munting he s tudi ed th e ex press io n of 
ne ur a l ce ll adh es io n mo lec ul es ( N- CA M ) a nd 
ne uro fil ament prote in iso fo rms, th ey fo und that bo th 
ne ur a l m a rk e rs e xpress in rh abdo m yosa rco m a , 
le io m yosa rco m a, f ibrosa rco m a, MFH , m a li g na nt 
rhabdo id tumor and f ibromato usis; and N-CAM posi tive 
in synov ial sa rcoma (Mo lenaa r and Munting he, 1999). 
The desmoplastic small round ce ll tumors (DS RCT) may 
show pos itive staining with antibodies to NES, Leu-7 
and o ther ne ural antige ns; whi c h is mo re poss ibl e to 
orig in ate fro m mesenchymal ti ssue, such as subserosal 
ce ll s (Ord6nez, 1998). 

Origin of Ewings ' sarcoma 

Ew in gs '/ pPNET ( Ewin gs' sa rco m a/ pe riph e ra l 
primit ive neuroectoderm al tumo r) fo rm a fa mily of bone 
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and soft tissue tumors in which typical Ewings' sarcoma 
with mere mesenchymal phenotype lies at one end of the 
differentiation spectrum and pPNET with clear evidence 
of neural marker at the other end. Lichtenstin and Jaffe 
(l947) suggested that the origin of Ewings ' sarcoma is 
mesenchymal or primitive form of connective tissue. 
Currently, because the ES cells may be induced in virtro 
to express neural markers, numerous pathologists prefer 
to support the view on origin of Ewings' /pPNET from 
neural crest cell, which, as neuroblastoma, belongs to 
pPNET category (Dehner, 1993). 

Neuroblastoma originates from the sympatho
adrenal lineage of the neural crest, but, the primary 
location of most Ewings' /pPNET unrelated any specific 
structure of the nervous system. The characteristic 
chromosome changes of neuroblastoma are deletion of 
I p36.2-3, amplification of the proto-oncogene MYCN 
and abnormalities of the chromosome number 
(McManus et aI., 1996). The special cytogenitic 
aberration of Ewings' / pPNET is chromosomal 
translocation resulting in gene fusion. One of the 
criterions for diagnosing classic neuroblastoma is the 
presence of Homes-Wright pseudorosettes. However, the 
number of rosettes in pPNETs is usually described by 
most reporters as a few or occasional (Dehner, 1993). 
The differentiation-potential of neuroblastoma shows 
neural mono-direction. Ewings' / pPNET shows multi
differentiation and may overlap somewhat in appearance 
with DSRCT, or even alveolar rhabdomyosarcoma, both 
of which a lso show characteristic chromosome 
translocation. From these points, Ewings' /pPNET is 
more close to non-neural derived tumor in phenotypes 
and cytogenetics. The discovery of hybrid tumor 
comprising Ewings' / pPNET and DSRCT further 
demonstrated that the DSRCT and pPNET possibly 
share a common histogenesis (Katz et aI., 1997). 

Fukunaga et al. reported a case of carcinosarcoma 
with neuroectodermal differentiation occurred in the 
uterus of a 54-year-old woman. The neoplastic elements 
include squamous carcinoma , leiomyosarcoma and 
islands of small- to medium-sized cells with rosette-like 
formation and immunoreactivity for GFAP, Leu-7, NSE 
and synaptophysin (Fukunaga et aI., 1996). Certainly, in 
this case the cells with neural differentiation did not arise 
from neural crest cell. 

Ewings' / pPNET is characterized by the special 
chromosomal translocation resulting in a fusion gene 
and its encod ing chimeric protein. In at least 90% of 
Ewings'/pPNET, the translocation is t(11 ;22) (q24;q 12), 
resulting in the fusion of parts of the EWS gene with 
parts of the FU-l gene encoding for transcription factor. 
In the encoded chimeric protein, the aminotermina l EWS 
domain is linked to the DNA-binding domain of the 
transcription factor. Another 5 % of cases, t(21 ;22) 
(q22;q12) is present, which involves EWS and ERG 
gene. Another rare translocation is t(7;22) (p22;q12), 
resulting in EWS/ETV-l. FLI-l, ERG and ETV-1 all 
belong to protooncogen ETS family (Ladanyi, 1995). 

EWS/FU-l (or EWS/ ERG, ETV-l) is a transcription 
factor. EWS/FU-1 efficiently transformed NIH3T3 cells, 

but FLI-l did not. Experiments with EWS/ FLI-l 
deletion mutants indicated that both EWS and FU-1 
domains are necessary for transformation by the t(1 ;22) 
translocation product (M ay et aI., 1993a,b). Recently, 
Teitell et al. reported that NIH3T3 fibroblasts infected 
with either EWS/FU-l or EWS/ETV-1 resembled small 
round cell tumor microscopically, and showed both 
epithelia l and neuroectodermal phenotypes which 
represented by CK15 expression, dense junction, and 
neurosecretory granule formation. The altered cells lost 
both extracellular collagen deposition and RER, which 
means loss of mesenchymal differentiation (Teitell et aI., 
1999). 

Although all the Ewings' /pPNET harbor an identical 
model of chromosomal translocation, but its 
differentiated spectrum includes mesenchymal 
phenotype at one end, and neural at the other. Other 
small cel l tumors of soft tissue, such as DSRCT, 
polyphenotypic tumors, even a few cases of alveolar or 
embryonal rhabdomyosarcoma, may also posses t( 11 ;22) 
(q24;q12) and EWS/FU-l fusion gene (Sorensen et aI., 
1995; Thorner et aI. , 1996). From these findings, we 
may deduce that the expression of neural phenotype in 
Ewings' /pPNETs is not merely decided by the formation 
of EWS/ FLI-l or EWS/ ERG fusion gene but also 
required the activation of certain genes related to neural 
differentiation. 

EWS-FU-l fusion gene may be classified as type 1 
(fusion between EWS exon 7 and FU-l exon 6) and 
type 2 (fusion between EWS exon 7 and FU-1 exon 5). 
Amann et al. investigated Ewings ' family of tumors in 
terms of a possible correlation between the type of EWS 
chimeric transcripts and reactivity with the neuroglial 
markers (NgM), including polyclonal and monoclonal 
NSE, S-100, chromogranin A, synaptophysin, Leu-7, 
GFAP and neurofilament. No NgM expression was 
found in 16/30 (53%) cases of type I, compared with on 
2 of 11 (18%) in type II. For tumors with at least] NgM, 
l4 of 30 (47%) cases are present in type I, and 9 of 11 
(82%) in type II. The data suggested that the length of 
the involved segment of the FLI-1 gene directly 
influenced the extent of neural differentiation (Aman n et 
aI., 1999). 

In conclussion , neuroblastomas may be deduced 
logically being derived from neural tissue. 
Ewings' /pPNET shou ld be hypothesized to arise from 
mesenchymal tissue. 

Vasoactive intestinal peptide (VIP) is a 
neuromodulator that regulates both proliferation and 
differentiation of neuronal precursor. Friihwald et al. 
analyzed cPNET ce ll lines, cPNET tumor and 
Ewings' /pPNET, using reverse transcriptase-polymerase 
chain reaction and Southern hybridization. They found 
that VIPR1 and VIPR2 are more highly expressed in 
both primary cPNET tumors and cPNET cell lines. This 
result may reflect the divergent pathways of cPNET 
toward neural differentiation and Ewings' / pPNET to 
mesenchymal cells (Fru hwald et aI., 1999). The question 
is how such divergent pathways of differentiation occur. 
A more reasonable reply is that the origin of cPNET is 
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distinct from that of pPNET, the former from neural 
tissue, and the latter from mesenchymal cells. 

Origin of clear cell sarcoma 

Clear cell sarcoma (CCS) is almost invariably deep 
seated and intimately associated with tendons, 
aponeuroses and fasia, rarely being located elsewhere. 
Yokoyama et aL reported a primary CCS of bone, arising 
in the ulna (Yokoyama et aL, 1996). The CCS cells may 
produce melanin, and immunohistochemically are 
positive for S-IOO protein , HMB-45 and vimentin. 
Sometimes small amount of low molecular weight 
cytokeratins may be expressed. Ultrastructurally, the 
tumor cells form melanosomes. Since CCS displays 
melanocytic phenotypes, and melanocyte is not kown to 
appear in tendons and aponeuroses, it is also named 
melanoma of soft parts derived from neural crest. 

Approximately 75 % of clear cell sarcomas and all of 
the cultured cell lines harbor a special chromosome 
translocation, t(12;22) (q13; q12) (Graadt van Roggen et 
aL, 1998). It is said that the molecular translocations of 
this region may be detected in more cases by more 
sensitive techniques of FISH and RT-PCR than by 
karyotype analysis (Sonobe et al., 1999). In addition , 
abnormalities in the copy number of chromosome 7 and 
8 have been revealed in -50 % and -00 % cases, 
respectively (Graadt van Roggen et al., 1998) . The 
t(12;22) does not occur in cutaneous melanoma. Most 
karyotypic abnormalities of cutaneous melanoma (MM) 
occur in chromosome 1, 2, 3, 5, 6, 7, 9 and 11. These 
significant cytogenetic differences of CCS and MM 
strongly indicate that in histogenesis CCS is a separate 
entity distinct from MM. Additionally, in view of its soft 
part location , it is reasonably deduced that CCS 
originates from mesenchymal cell. 

The breakpoints of the t(12;22) of CCS have been 
identified at the molecular level. On chromosome 22, the 
EWS gene, originally cloned from the t(l1 ;22) 
translocation of Ewings' /pPNET, is involved. The ATF-l 
gene is rearranged on chromsome 12. A fusion mRNA 
transcript is thereby produced, in which the RNA
binding domain of EWS is replaced by the DNA-binding 
domains of ATF-l. Two hybrid transcripts are 
documented, including the EWS aa 1-325 with the ATF-
1 aa 65-271 and the EWS aa 1-349 with the ATF-l aa 
110-271. The functional consequences of this gene 
fusion may be similar to those of other translocations 
involving EWS, but the target gene is determined by the 
DNA-binding specificity of the ATF-1 component of the 
chimeric gene . Considering the experience of 
comparable genetic events in other sarcoma groups, 
Graadt van Roggen et aL assumed that t(12;22) and the 
regular appearance of abnormalities of chromosome 7 
and 8 play an important role in the pathogenesis of CCS 
(Graadt van Roggen et aI., 1998). 

Melanocytic phenotype expressing in carcinoma 

Primary cutaneous, mucosal and some visceral 

melanomas are the malignant tumor of melanocytes. It is 
believed that the melanin-producing cells, derived from 
the neural crest, may migrate throughout the body during 
embryological development. This theory is supported by 
the facts that benign melanocytes and melanocytic 
proliferations have been identified in mucosa of some 
sites and some visceral organs. However, from a few 
reports, we can also find that, in rare instances, 
carcinoma may express melanocytic differentiation. 

Cohen et al. reported a pulmonary blastoma with 
areas of melanocytic differentiation indistinguishable 
from malignant melanoma (Cohen et aI., 1990). Padmore 
et al. reported two cases of primary breast tumors with 
admixture of pigmented malignant melanoma and ductal 
carcinoma (Padmore et aL, 1996). In both cases, ductal 
carcinoma in situ was identified, and double-labeling 
immunohistochemistry showed CK positive for 
carcinoma cells, HMB45 positive for melanoma cells 
and S-IOO positive for both components. Electron 
microscopy demonstrated melanosomes and 
premelanosomes in the melanoma components. The 
authors believed these two cases being monoclonal 
origin with bidirectional differentiation. These authors 
cited literatures to demonstrate that there are other 
reports describing six tumors with features of both 
melanoma and carcinoma. Among these cases, three 
cases of combined melanoma and squamous cell 
carcinoma showed intimate intermingling of the two 
components. 

Nobukawa et al. reported the fourth primary breast 
tumor with a combination of malignant melanoma and 
ductal carcinoma (Nobukawa et aL, 1999). The in situ 
component of the carcinoma was identified in the 
primary tumor. Metastases in the Iympho nodes and 
thoracic spinal bone marrow showed a dual tissue 
structure of carcinoma and melanoma. One of the 
metastatic tumors in the lung consisted of only the 
melanoma component. Microsatellite analysis showed 
the same genetic alterations with loss of heterozygosity 
on chromosome arms 1p, 3q, 4q, 9q, lOq, 13q, 16q, 17p, 
and 17q in in situ, invasive and metastatic foci. 
Nobukawa et a!. concluded that the carcinoma and 
melanoma components were of the same clonal origin 
and that the breast carcinoma might have diverged to 
aberrant malignant melanoma during the early period of 
carcinoma progression. 

Histogenesis of MFH 

Malignant fibrohistiocytoma (MFH) is composed of 
fibroblast-like cells, histiocyte-like cells and their 
intermediate type (Enjoji et al., 1980; Hoffman and 
Dickersin, 1983). 

Heterogeneity of MFH 

1. Fibroblast origin: 

Comparing MFH in man with that in animals, 
Schneider et al. concluded that MFH originates from a 
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primitive mesenchymal stem cell, fibroblastoid cell and 
fibroblast (Schneider et aI., 1999). This theory was 
supported by a lot of evidences as follows: The MFH 
cells expressed mesenchymal antigens (Roholl et aI., 
1985a,b; Iwasaki et aI., 1992). Injection of DMBA into 
the knee joint cavity of rats may induce MFHs and 
fibrosarcomas or synovial sarcomas in and around the 
joint (Ghadially and Roy, 1966; Sakamoto, 1986). After 
several recurrences, fibrosarcoma may transform into 
MFH (Katenkamp and Neupert, 1982). Fibrosarcoma 
cells (RFS) derived from a cadium induced fibrosarcoma 
of rat and RFS-cells in different subcultures produced 
MFH and fibrosarcoma in nude mice and baby rats 
(Katenkamp and Neupert, 1982). Nontransformed and 
transformed fibroblast-like mouse embryo cells can be 
induced to differentiate into macrophages or histiocytes 
in a medium supplemented with human plasma (Krawisz 
et £II., 1981). These findings demonstrated that the 
histiocyte-like cells could result from transdifferentiation 
of neoplastic fibroblasts. 

Osanai et al. reported the existence of diploid 
fibrohistiocytoid (FH) cells in variolls chronic 
inflammatory tissues. These cells are metamorphosed 
fibroblasts. From the findings of a recent study, Osanai 
et £II. Suggested that the FH cells have a possibility of 
neoplastic potential for the development of MFH in mice 
(Osanai et aI., 2000). 

Histiocyte origin 

The main supporting evidence is the experiment of 
Yumoto and Murimoto. They inoculated SV40-
transformed bone marrow macrophages in syngeneic 
mice to produce a transplantable tumor. The tumor was 
composed of spindle cells with arrangement in storiform 
and function as histiocyte-like and fibroblast-like cells 
(Yumoto and Morimoto, 1980). This experiment 
demonstrated that MFH may be derived from 
transdifferentiation of histiocytes. In addition , some 
authors reported that MFH express antigenic markers 
specific for monocytes-macrophages (Shirasuna et a1., 
1985; Strauchen and Dimitriu-Bona, 1986; Binder et aI., 
1992). 

Other origins 

The dedifferentiated components of dedifferentiated 
sarcoma (e .g . dedifferentiatiated liposarcoma, 
dedi fferentiated chondrosarcoma and dedifferentiated 
leiomyosarcoma) and sarcomatous cells of 
carcinosarcoma e.g. sarcomatous carcinoma of lung, 
kidney and prostate, and carcinosarcoma of breasts 
usually look like MFH or fibrosarcoma (Snover et aI., 
1982; Bertoni et aI. , 1987; Ro et aI., 1987, 1992; 
Wargotz and Norris, 1989; Hashimoto et aI., 1990; Meis, 
1991; Shannon et aI., 1992; Nakajima et aI., 1999). In 
addition, the individual case of malignant melanoma , 
gliosarcoma and malignant lymphoma, microscopically 
or even electron-microscopically, may seem to be in 

accordance with the appearance of MFH (Blom et aI., 
1983; Chan et aI., 1990; Ng and Poon, 1990). 

Karyotype progression of MFH 

The karyotype of MFH is far more complex than 
that of fibrosarcoma. The cytogenetical evidence of 
clonal evolution has been found in some tumors (Orndal 
et aI., 1994). A greater part of the tumors were near 
triploid or near tetraploid , some were hyperdiploid even 
hypodiploid (Donner, 1994). The tumors develop 
through the acquisition of structural aberrations and 
chromosome loss or through gain of chromosome 
(Mandahl et aI., 1989). Ring, dicentric and telomeric 
association chromosomes seem to represent early events 
in the development of MFH (Mandahl et aI., 1988; 
Orndal et aI., 1992, 1994). Sometimes, ring chromosome 
is the sole cytogenetical aberration of myxoid MFH 
(Mandahl et a1., 1988; Orndal et aI., 1992), and also the 
sole consistent chromosome alteration of well
differentiated liposarcoma and dedifferentiated 
liposarcoma, of which the dedifferentiated area is 
commonly composed of MFH elements (Fletcher et aI., 
1996, 1999; Rosai et aI., 1996). These may be the 
evidences to support the view that pleomorphic MFH 
results from tumor progression. 

Genberg et al. established two cell lines from two 
subsequent recurrences of MFH. with identical marker 
chromosomes in common. The U-2149 cell line from the 
second recurrence consisted of mainly fibroblast-like 
cells and was in the hypotriploid region. The U-2197 cell 
line from the third recurrence was composed of mainly 
histiocyte-like cells and in the penta-hexaploid region. 
The marker MI8 in U-2197 represented a marker 20 in 
U-2I49 subjected to superimposed structural 
rearrangements. According to their data, Genberg et al. 
explained the appearance of histiocyte-like cells in MFH 
as a consequence of chromosomal progression (Genberg 
et aI., 1989). 

Pilotti et al. investigated p53 and mdm2 
overexpression in 98 lipomatous tumors by 
immunocytochemistry and, in part, by molecular and 
cytogenetic analysis. Among the 74 cases of 
liposarcomas, 14 cases were dedifferentiated subtype, in 
which, the differentiated component was well
differentiated, while the dedifferentiated area had MFH 
features in 13 cases. The results show that in the 
retroperi toneal well-d ifferentiated-ded i fferen t iated 
group, MDM2-mediated inactivation of p53 could be 
related to the pathogenetic mechanism, in the non
retroperitoneal WD-DD group, the TP53 mutations 
appear to correlate with the dedifferentiation process 
(Pilotti et aI., 1997). Hisaoka et al. studied eight cases of 
dedifferentiated liposarcoma with myxoid MFH myxoid 
areas. The clinicopathologic, cytogenetical and 
molecular features showed that the differentiated part of 
tumors was more closely related to well-differentiated 
liposarcoma rather than to ordinary myxoid liposarcoma, 
and the dedifferentiated part was myxoid MFH. The 
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myxoid portions frequently showed a higher 
proliferative activity and more mdm2 and p53-positive 
tumor cells than in well-differentiated areas. Hisaoka et 
al. claimed that an altered p53 pathway, including p53 
gene mutations and mdm2-mediated inactivation of p53 
may playa role in tumorigenesis of this myxoid sUbtype 
of liposarcoma and its progression (dedifferentiation) to 
change into myxoid MFH (Hisaoka et aI., 1999). 

Conclusion 

Differentiation disturbance of cancer cells should 
include not only undifferentiation and dedifferentiation, 
but also transdifferentiation. The pathogenesis and 
progression of neoplasm are closely in association with 
genetic instabilities, including subtle sequence changes, 
alteration in chromosome number, chromosome 
translocation and gene amplifications (Lengauer et aI. , 
1998). Genetic instablities are the basis of neoplastic 
dedifferentiation and transdifferentiation. The 
pathogenesis of cancer subtypes, neoplastic epithelial
neuroendocrine conversion and neoplastic epithelial
mesenchymal transition may be simply the result of 
subtle sequence changes and alteration in extracellular 
matrix molecules or stimulation by growth factors, via 
regulation of cell proliferation, differentiation and 
programmed cell death. Chromosomal translocation 
cause enforced expression of oncogenes located near the 
breakpoints or result in tumor-specific fusiom proteins. 
The genes at translocation junctions are often 
transcription factors, normally involved in 
developmental processes (Rabitts , 1999). As to 
neoplastic mesenchymal-epithelial transition in synovial 
sarcoma and mesenchymal-neural transdifferentiation in 
the Ewings' / pPNET and clear cell sarcoma, 
chromosome translocations (gene rearrangements) are 
crucial not only for tumorigenic effect , but also for 
neoplastic transdifferentiation. 

It had been debated for decades about the 
morphogenesis of some groups of neoplasms. These 
include (a) the histological subtype, (b) multidirectional 
differentiation tumors, (c) tumors with the characteristic 
phenotype of a certain tissue occurring in an organ 
foreign to such tissue, e.g. meningioma in lung, (d) 
tumors with a phenotype dissimilar to any type of 
normal tissue, e.g. alveolar soft part sarcoma. The 
histological appearances of these tumors may result from 
transdifferentiation of certain neoplastic cells, and their 
histogenesis may be resolved at the cytogenetical and 
molecular levels. 
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