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ABSTRACT
Keywords:
Carcinoma: Some of the neoplasm especially malignant tumors are notorious in masquerading their cell of origin
Dedi fferent’iation' because of additional mutations which drives them to differentiate into unusual phenotype. This is
Liposarcoma; ’ implicated to a phenomenon of tumor dedifferentiation which can mislead into inappropriate categorization
Melanoma: ’ and therapy. Dedifferentiation is well recognized in sarcomas such as liposarcoma, chondrosarcoma and
Sarcoma: ’ malignant peripheral nerve sheath tumor. However, it can also develop in carcinomas, melanomas and
’ lymphomas at initial diagnosis, following therapy or at recurrence. The phenomenon has been reported
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in both primary tumors as well as at metastatic foci. A correct and early pathological identification of this
phenomenon might profoundly help in guiding appropriate therapy. Clinical and radiological findings,
immunohistochemistry and genetic analysis are often required for correct lineage identification of these
tumors.
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Malignant tumors are notorious in masquerading their cell
of origin, because of additional mutations, which drives
them to differentiate into unusual phenotype. This is
implicated to a ‘phenomenon’ of tumor ‘dedifferentiation’
which can mislead into inappropriate categorization and
therapy. Dedifferentiation is well recognized in sarcomas.
However, it can develop in carcinomas, lymphomas
and melanomas.'? Dedifferentiation can arise de novo
(combined with well differentiated tumor) at initial
diagnosis, or develop at recurrence or at metastatic site
and may follow therapy. A correct and early pathological
identification of this phenomenon might profoundly help
in guiding appropriate therapy. Clinical, radiological,
immunohistochemistry and genetic analysis are often
required for correct lineage identification of these tumors.
This review will briefly highlight the mechanisms of tumor
dedifferentiation in different types of malignant tumors, the
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diagnostic dilemmas, and therapeutic implications.
DIFFERENTIATION AND DEDIFFERENTIATION

Differentiation is a biological process by which a primitive
cell develop or evolutes into a mature cell within same
lineage to serve a specialized function. The conventional
concept was that differentiation is unidirectional and once a
cell differentiates to mature cell type, it never reverts back,
like ball rolling down a hill into a landscape.* A primitive
cell once becomes mature it never reverts back to stem
cell again.* This concept may not be applicable now as by
artificial reprogramming process a mature cell can be sent
back to stem cell state.* In tissue regeneration a terminally
differentiated cell reverts back to a less differentiated stage
from within its own lineage to proliferate and re-differentiate
again to replace the lost cells.’

Dedifferentiation is a reprogramming process with
morphological loss of lineage identity.® The term is
applicable to a situation where a more specialized cell type
loses expression of lineage specific genes of specialized
tissue function and acquires expression of genes which is
seen in primitive state of the related tissue development.”®
This genetic alteration in tumor cells results in acquisition
of stem cell phenotype.”®

DIFFERENTIATION A BIDIRECTIONAL PROCESS

Biologists have successfully turned back the clock on cells,
to convert the mature cells into pluripotent stem cells,
which can then differentiates into any cell lineage. This has
been one of the most significant developments in field of
stem cell research.” Nobel prize for 2012 in Medicine was
awarded to Sir John B. Gurdon and Dr. Shinya Yamanka
for the discovery that mature cells can be reprogrammed to
become pluripotent cells.’

The current experiment on induced stem cells (iPSC) has
proved that differentiation of cells is bidirectional (fig.1).*
It is proven that a somatic nucleus can be reprogrammed
to embryonic like state (pluripotency) by introducing
four genes called Yamanaka factors (Oct 3/4, Sox2, Klf4,
c-Myc).”!" They are highly expressed in embryonic stem
cells. Forced induction of these genes results in generation
of iPSC."*"" A pluripotent cell can differentiate to any
lineage and give rise to different cell types. For example
a pluripotent cell can differentiate to fibroblast, neuron,
exocrine cell of pancreas, beta cell of pancreas and
cardiac myocytes.’ A reprogramming process can induce a
differentiated cell into pluripotent state which in other hand
can differentiate into any of cell types. For example mature
fibroblasts can be converted into pluripotent cells by the
help of genes OCT4, SOX2, KLF4 and MYC. ° Neural stem
cell can be reprogrammed to pluripotent stem cells by using
gene OCT4. Cells can also change the lineage to another
cell type and this phenomenon is called transdifferentiation.
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A pancreatic exocrine cell when reprogrammed with genes
PDX1, NGN3 and MAFA can transdifferentiate into beta
cell.®

Almost any differentiated cell can be reprogrammed to
pluripotent state by using appropriate transcription factors
and many of them are oncogenes. This concept is also
applicable in phenomenon of origin of cancer stem cells.
There are similarities between somatic reprogramming and
tumor dedifferentiation.’

CANCER STEM CELL AND INDUCED STEM
CELLS

The process of dedifferentiation is involved in both initiation
and promotion of carcinogenesis.* The phenomenon of
reprogramming of somatic cells into iPSC is also a process
of dedifferentiation, though it is induced experimentally.*
iPSCs and cancer cells not only share the properties of
limitless replicative potential and self-renewal, but also
shares similar metabolic status, that are acquired by
somatic cells during reprogramming.*'*"3 Carcinogenesis
and reprogramming of somatic cells, both require similar
genetic alterations. This is also evident by the fact that iPSCs
generation is significantly promoted by genetic ablation of
TP53 which is major tumor suppressor gene to be mutated
in carcinogenesis.*'*!*

The continuous growth and maintenance of many normal
tissues such as skin, gastrointestinal epithelium and
hematopoietic cells in bone marrow depends on resident
population of stem cells that are capable of self renewal.
With this background it easy to understand that cancer cells
are immortal and have limitless proliferative capacity, they
must contain cells that self-renew, the cancer stem cells.'®
Cancer stem cells (CSCs) are biologically unique cells
within a tumor, possessing self renewal capacity and produce
progeny with self proliferative capacity, similar to normal
stem cells.” Cancer stem cells can perpetuate indefinitely
unlike bulk of cells that are present in the tumor.” Cancer
stem cells is a cell that divides to replenish a population of
cancer cells."”

The concept of CSCs has important implications for cancer
therapy. If CSCs are essential for persistence of cancer,
these cells must be eliminated to cure the cancer. Cancer
stem cells have high intrinsic resistance to conventional
therapies due to low proliferative capacity and expression of
multi drug resistance-1 (MDR1) that counteract the effects
of chemotherapy. This is the reason for limited success in
current cancer treatment due inability to eradicate Cancer
stem cells.”!¢

Cancer stem cells can arise from transformation of tissue
stem cells or from conversion of conventional somatic
cell to transformed cells which acquire property of stem
cells. Over that cancer cells within a tumor may be able to
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Figure 1: Pluripotent stem cell at the top (hill) and differentiated cells at
bottom (valley). The traditional concept of unidirectional differentiation
(curved arrow on left). Current concept of bidirectional differentiation
(curved arrow on right).

dedifferentiate to a stem cell like state.'® Thus, although,
CSCs poses properties of self renewal and differentiation
similar to normal stem cells, they do not necessarily originate
from the transformation of normal tissue stem cells.” CSCs
are often the cells that leave the primary tumor, survive in
the blood stream, and metastasize to distant organs."”

CANCER STEM CELLS AND TUMOR
DEDIFFERENTIATION

Normal stem cells can get mutated to get transformed
into CSC, however, by this process high rate of mutation
is required.'® The differentiated cells within the tumor can
incur mutation to dedifferentiate into cancer stem cells.'®

When a stem cell divides to produce a stem cell and a
progenitor cell, this is called asymmetric division. If a stem
cell divides to produce two stem cells, then this is called
symmetric division."” A progenitor cell is similar to a stem
cell, except that it has less potential with regard to what cell
types it can mature to become.!” Effect of dedifferentiation
on carcinogenesis depends on how body controls the
stem cells (homeostasis).”® When all the divisions of
stem cells are asymmetric that is a tight homeostasis,
dedifferentiation has little effect on carcinogenesis, and
however, if the homeostasis is loose, that is both symmetric
and asymmetric division, dedifferentiation has rapid effect
on carcinogenesis and lead to exponential growth of cancer
stem cell population.'®

Bulk of tumor cells in many of the cancers is composed
of committed progenitor cells which are short lived and
are maintained by a small population of undifferentiated
long lived cancer stem cells."® Committed progenitor
cells in leukemia may acquire stem cell like behavior to
generate leukemic stem cells.” In acute myeloid leukemia
progenitor cell dedifferentiate to acquire stem cell like
properties unlike chronic myelogenous leukemia (CML)
which is stem cell disease.?*?' In the latter it is stem cell
itself which is transformed rather than progenitor cell. This

is the case in chronic phase of CML, however, in blast crisis
dedifferentiation takes place and granulocyte-macrophage
progenitor cells acquire stem cell like properties through
beta catenin mutation.®'%2

Many of the cancers show tumor cell plasticity.” Plasticity
is the potential of a differentiated cell to dedifferentiate
back into a progenitor-like or stem-like state, and then to
differentiate into a new differentiated state.'”

This property of cancer cells has been demonstrated in
glioblastoma by the works of Ronald de Pinho’s group and
Friedman-Morvinski D et al.?*?* Emergence and phenotype
of glioblastoma is dictated by altered regulation of genetic
pathways rather than cell of origin.** Glioblastoma
can originate from varieties of cells in brain including
terminally differentiated cortical astrocytes and neurons.
Both astrocytes and neural stem cells can give rise to
glioblastoma on genetic manipulation of certain genes.
The dedifferentiation in astrocytes may be so complete that
they generate pluripotent stem cells which can give rise to
glia as well as neurons.”* This can be further clarified by
the following experimental example. When an astrocyte
is transduced with Lentivirus carrying gene Lenti-Hras-
shp53 it is reprogrammed (dedifferentiated) to a stem cell
state which gives rise to tumorspheres. Tumorspheres when
transplanted into mouse brain it produces gliomas. If the
same astrocyte is transduced with lentivirus carrying the
four genes the ‘Yamaka factors’, it is reprogrammed to
iPSC colonies which when transplanted into mouse gives
rise to teratoma (fig. 2).”

TRANSDIFFERENTIATION AND
DEDIFFERENTIATION

With above discussions it has been obvious that a non-CSC
can be reprogrammed or dedifferentiated to CSCs and at
the same time CSCs can differentiate to various cell types
within same lineage. It is also evident that CSCs not only
differentiate to cells of expected lineage but it can switch
over to lineage to differentiate into another lineage of
cells (transdifferentiation). It can be further clarified by
the example of neuronal differentiation. Normal neural
stem cell gives rise to progenitor cell and differentiates
into oligodendrocyte, astrocyte, neuron and endothelial
cell.” In the process of evolution of glioblastoma, as
discussed previously, neurons, astrocytes and probably
oligodendrocyte can dedifferentiate or reprogrammed to
CSCs within glioblastoma. These dedifferentiated CSCs can
now proliferate and differentiate to more transformed neurons
and glial cells. The transformed neurons and astrocytes not
only dedifferentiate into CSCs, they also transdifferentiate
into endothelial cells. These transdifferentiated endothelial
cells can again dedifferentiate into CSCs.” In glioblastoma
the tumor cells can also transdifferentiate to pericytes of the
blood vessels.”*

DOI : 10.3126/jpn.v7i2.18021



Tumor dedifferentiation

1205

Lenti virus-Hras-: shpsa Lenti Okt 4,KIf 4,Sox2,myc

‘_

Reprogrammed to
stem cell state

iPS colonies

l

| ﬂ

Gliomas *& gé Teratoma

Figure 2: An acquired plasticity of astrocyte dedifferentiating to stem
cells and induced pluripotent stem cell colonies (iPS) by transduction of
respective oncogenes through Lentivirus. The same astrocytes depending
on transduced genes can differentiate to gliomas or teratomas when
transplanted into mouse brain.

PATHOBIOLOGY OF DEDIFFERENTIATION

Dedifferentiation plays a role in tumor initiation,
progression, phenotypic diversity, and immortality leading
to resistance to therapy. Dedifferentiation is linked with
genetic and epigenetic abnormalities, as well as tumor
environment. Role of hypoxia and tumor microenvironment
in the immediate vicinity of solid tumors are linked with
dedifferentiation.

Hypoxia

Hypoxia greatly influences cellular phenotypes by altering
specific genes. It is an important contributor to intra and
inter-tumor cell diversity. It is revealed by the expression
of hypoxia associated genes in solid tumor.?® The oxygen
tension is often lower in solid tumors than adjacent
noncancerous tissue. Tumor exhibiting low oxygen tension
is often aggressive than corresponding better oxygenated
tumors. Hypoxic neuroblastoma cells and breast cancer
cells lose their differentiated gene expression and develop
stem cell phenotypes, leading to tumor dedifferentiation.
Hypoxia induced tumor dedifferentiation is associated
with tumor heterogeneity and aggressive behavior.? Highly
aggressive, rapidly growing tumors are exposed to hypoxia
or even anoxia which occurs as a consequence of inadequate
blood supply. Therefore, tissue hypoxia has been regarded
as a central factor for tumor aggressiveness and metastasis.
Hypoxia not only accounts for tissue necrosis but has also a
strong impact on tumor cell biology.”

Cancer progresses through multistep processes involving
both genetic mutations and epigenetic abnormalities;
however, it still remains unclear how epigenetic
abnormality occurs during cancer development. Cancer-
promoting inflammatory stimuli induce drastic changes in
DNA methylation patterns. Thus external stimuli could be
the cause of epigenetic abnormalities.* Role of epigenetic
in development of cancer has been proved in experimental
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Figure 3: Experimental study showing epigenetic role in reprogramming
nonneoplastic kidney cells in development of teratoma and by incomplete
reprogramming into wilms’ like tumor. iPSCs reprogrammed from Wilms’
like tumor cells can develop into nonneoplastic kidney cells proving lack

of involvement of genetic mutation

studies. Some of the cancers such as Wilms tumor may
arise as a result of epigenetic disruption without detectable
genetic abnormalities particular for the development of this
tumor.* In study an experimental study done in chimeric mice
generated from embryonic stem cells (ESCs) shows that
nonneoplastic kidney cells can be reprogrammed to develop
multiple teratomas in various organs. When reprogramming
process was made incomplete by withdrawing doxicycline
treatment before teratoma development, the mice developed
tumor resembling Wilms’ tumor. In the tumor cells of the
Wilms’ tumor no significant genetic abnormalities detected.
These tumor cells again reprogrammed to iPSCs. These
tumor cell derived iPSCs again differentiated into normal
kidney cells. This proves the fact that genetic changes had
not occurred during this process of development of Wilms’
tumor and this was as result of epigenetic alteration (fig. 3).*

Epithellial mesenchymal transition (EMT): In experimental
studies first event of invasion and metastasis has been
linked to dedifferentiation and dissociation of cancer
cells.?® Well-differentiated carcinomas often loose epithelial
differentiation and dissociate, migrate and disseminate into
host stroma. This has been seen in colorectal cancers, where
prognostic and metastatic activity has been reported to be
associated with morphological features at invasive front
of the primary tumor, which is called tumor budding or
focal dedifferentiation.”-** Barblets et al showed that tumor
progression is driven by tumor environment through Wnt
signal pathway.*® This type of dedifferentiation is regulated
by cell to cell interactions or cell to extracellular matrix
interactions at cancer invasive fronts.***

DIAGNOSTIC IMPLICATIONS OF
DEDIFFERENTIATION

Surgical pathologists sometimes face situations when
malignant tumors show features of divergent differentiation
and lineage identification becomes a difficult job. Similarly
there may be situation when a metastatic tumor shows
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completely unusual features without any resemblance
to primary tumor. In such situations it may be difficult to
take the decision to whether the secondary tumor is the
same as primary with new morphology due to additional
mutation or it is a different tumor unrelated to previous
tumor. Such situations may be may be encountered at initial
diagnosis or following therapy. Tumor biology behind such
differentiation of malignant tumor needs to be understood
by pathologists as well as by the clinicians for appropriate
management of the patient. This phenomenon of tumor
dedifferentiation is often encountered in sarcomas but in
cases of carcinomas, lymphomas and melanomas, this
phenomenon is not well understood and accurate diagnosis
may be completely missed.

Lymphoid neoplasms

Experimental study has proven that lymphoid -cells
can change the lineage on genetic manipulation. The
commitment of haematopoietic progenitors to the B-cell
lineage and their development to mature B lymphocytes
depend on the transcription factor encoded by the paired
box gene 5 (Pax5). When Pax5 gene is conditionally
deleted in mice mature B cells from peripheral lymphoid
organs dedifferentiated in vivo back to early uncommitted
progenitors in the bone marrow. These progenitor cells
now can differentiated to T lymphocytes in the thymus of
T cell deficient mice. These B-cell-derived T lymphocytes
carried both immunoglobulin heavy- and light-chain gene
rearrangements and also participated as functional T cells in
immune reactions. Aggressive progenitor cell lymphomas
developed in these mice lacking Pax5 in mature B cells
which were identified by their gene expression profile.
The complete loss of Pax5 in late B cells not only leads
to development of lymphomas but also allows unusual
plasticity of mature peripheral B cells.?

Mature B cell lymphomas such as follicular lymphoma (FL)
and small lymphocytic lymphoma/chronic lymphocytic
leukemia (SLL/CLL) can transform into diffuse large
lymphoma of same B-cell lineage which has been well
established. However, these mature B cell lymphomas can
dedifferentiate into histiocytic/dendritic cell sarcoma (H/
DS) and may follow radiation therapy. Immunophenotypic
and genotypic studies is essential for diagnosis of such
unconventional neoplastic evolution. A genotype identical
to that of the primary B cell neoplasm in the secondary
neoplasm with H/DS immunophenotype supports the
lineage conversion to H/DS. A polymerase chain reaction
based immunoglobulin heavy chain gene rearrangement
study on FL and HS can reveal the amplicons from these
two neoplasms with identical base pair size. IGH/BCL-2
fusion gene in FL and HS can be detected by dual colour
dual fusion interphase fluorescence in situ analysis.*

Lymphoid neoplasm

transdifferetiating to epithelial

tumor is very unusual and usually not expected in routine
histopathological practice. Recently a transdifferentiation
of CLL into neuronedocrine carcinoma (NEC) has been
reported in rectal and liver mass of the patient. Rectal mass
showed composite CLL and poorly differentiated NEC
while liver mass showed pure NEC. In the rectal biopsy
synaptophysin and chromogranin were positive in NEC
component while CLL component revealed positivity for
CD20, CDS5 and CD23. FISH analysis revealed Trisomy 12
in both CLL and NEC. B-cell heavy chain rearrangement
study on blood sample (pure CLL) and liver metastatic
NEC (pure NEC) revealed similar monoclonal peaks. Thus
a clonal relation was established between CLL and NEC.
It was most likely that NEC was transdifferentiated from
CLL.Y

Melanoma

Melanoma is one of the tumors known for morphological
diversity and often mimics carcinomas, sarcomas and
lymphoma. Metastatic melanoma also shows phenotypic
diversity and can lose differentiation markers. Metastatic
melanoma can mimic undifferentiated pleomorphic
sarcoma with myxoid and giant cell components, small
cell ~ carcinoma, pleomorphic  rhabdomyosarcoma,
teratocarcinosarcoma with prominent rhabdomyoblasts,
adenocarcinoma with feature with metaplastic bone
formation.® They may be negative for melanocytic markers
such as S100, melanoma cocktail, HMB45, Melan A and
SOX10; while by expressing SMA, TP53, pancytokeratin,
desmin, h-caldesmon and MDM2/CDK4 further complicates
the correct identification. Genotyping is a helpful surrogate
marker in classifying such cases as they may show mutant
BRAF, NRAS as well as BRAF/NRAS wild type.?

Carcinomas

Salivary gland carcinomas can dedifferentiate into
adenocarcinoma of variable grades and undifferentiated
carcinoma. The dedifferentiated components may be
juxtaposed to the conventional components of respective
salivary gland carcinomas. The term “High grade
transformation” for adenoid cystic carcinomas (ACC) has
been used by Seethala et al. This term better reflects the fact
that the dedifferentiated component often maintains some
features of original tumor, such as glandular differentiation.
ACC also undergo transformation to adenocarcinomas
which are not poorly differentiated, suggesting that the
term “high grade transformation” may not be adequate.
The phenomenon has also been described in acinic
cell caricnoma, mucoepidermoid carcinoma, epithelial
myoepithelial carcinoma, myoepithelial carcinoma and
polymorphous low grade adenocarcinoma. Ki67 can
help to distinguish between conventional and transformed
components. Tp53 overexpression is can be uniformly seen
in all the cases of transformed components, however, some
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of the cases may show mutation or deletion of Tp53.!

Dedifferentiated  endometrioid  adenocarcinoma s
characterized by coexistence of an undifferentiated
carcinoma and a low-grade endometrioid adenocarcinoma.
It is often mistaken for solid component of endometrioid
carcinoma and tempted to be classified under WHO scheme
(amount of solid component) of grade 3 endometrioid
adenocarcinoma. The dedifferentiated component is
composed of solid sheets of epithelial cells and in most
cases only 5-10% of the cells are positive for keratin.*®

Squamous cell carcinoma can dedifferentiate into
mesenchymal tumor. A case of squamous cell carcinoma
with spindle cell component juxtaposed to well differentiated
squamous cell carcinoma has been reported. The spindle
cell component expressed vimentin and alpha SMA and
lacked CK expression.*

Papillary carcinoma of thyroid dedifferentiating into
anaplastic carcinoma is well established phenomenon.
Anaplastic thyroid carcinoma can exist synchronously with
papillary thyroid carcinoma or it may occur in patients
with previous history of papillary thyroid carcinoma.*
Anaplastic transformation can also be seen at metastatic
site which can confound the diagnosis. Multiple genetic
abnormalities have been reported on the way to anaplastic
dedifferentiation. Immunohistochemistry can be of useful
in cases of metastatic tumor to identify the tumor as of
thyroid origin. CK7, thyroglobulin and TTF are often
positive and CK20 is negative in tumors of thyroid origin.
In dedifferentiated tumors expression of thyroglobulin
and TTF may be reduced or absent.*” Dedifferentiation of
papillary carcinoma into squamous cell carcinoma has been
reported and lineage identity can be proved by evidence
of identical BRAFV600E mutation shared by both the
tumors.*!

Meningioma

Dedifferentiation in meningioma has to be differentiated
from malignant meningioma or meningiosarcoma.
Meningeosarcoma often express meningothelial markers
such as EMA and vimentin. Dedifferentiation of
meningioma into osteosarcoma is extremely rare event. Low
grade meningothelial meningioma surrounding and well
demarcated from osteosarcomatous component has been
reported in a patient receiving radiotherapy for recurrent
pituitary macroadenoma. The meningothelial markers were
not expressed in osteosarcomatous component which were
positive in the meningioma component. In addition the
osteosarcomatous component expressed high proliferative
index.*

DOI : 10.3126/jpn.v7i2.18021

Chordoma

Chordoma is a rare bone tumor usually restricted to midline
of body. Sarcomatous component in chordoma as a result
of dedifferentiation is a rare event and may pose diagnostic
challenge to the pathologists. Vertebral and sphenooccipital
chordoma are more prone to undergo dedifferentiation
than sacroccoccygeal chordoma. Dedifferentiation usually
develops usually at recurrence and may or may not be
associated with radiotherapy. About 6-9% of chordomas
may undergo dedifferentiation. As a result of that it may
be misdiagnosed as leiomyosarcoma, firbosarcoma,
osteosarcoma and undifferentiated spindle cell tumor.*#
Immunohistochemistry is useful in such cases. Chordoma
shows positivity for cytokeratin (CK), epithelial membrane
antigen (EMA), S100 and vimentin. MIB index is low and
P53 staining is negative or low in chordomas. However, the
sarcomatous component shows high MIB index, diffuse
vimentin positivity, focal S100 positivity and negative
staining with CK, EMA, desmin, actin, and CD34 . P53
staining is variable.*® Brachyury is a new marker which
shows positivity in more than 90% of chordomas.**

Gastrointestinal stromal tumor

Gastrointestinal stromal tumor (GIST) is most common
gastrointestinal mesenchymal tumor and often diagnosed
by typical histopathological features combined with
positivity for CD117 and DOGI. In addition CD34
is positive in most cases of spindle cell GIST.* The
differentiation markers may be lost when GIST transform
into high grade sarcoma.* Due to change in morphology
and immunoprofile, pathologist may face diagnostic
dilemma as tumor may look like non-GIST sarcoma such as
angiosarcoma or rhabdomyosarcoma.***” The phenomenon
is seen de novo or following imatinib therapy.*® In case of
rhabdomyosarcomatous dedifferentiation the tumor shows
loss of markers of GIST and positivity for Desmin and
MyoD1 at anaplastic foci, however, the adjacent spindle cell
component express markers of GIST.*” Therefore a careful
evaluation with adequate sampling is warranted in cases of
unusual morphology in expected GIST cases.

Osteosarcoma

Parosteal osteosarcoma is low grade variant of osteosarcoma
arising from surface of bone with typical radiological and
gross appearance. It can dedifferentiate into aggressive
conventional high grade osteosarcoma. Parosteal
osteoasrcoma is genetically as well as biologically different
from conventional osteosarcoma. Dedifferentiation into
telangiectatic, fibroblastic, osteoblastic and giant cell type
of conventional osteosarcoma can occur. This phenomenon
can occur at presentation or at recurrence.”® Correct
categorization is therapeutically important as for surgery
is the treatment of choice for parosteal osteosarcoma while
chemotherapy is required for conventional high grade
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osteosarcoma. If diagnosis could be made preoperatively
the treatment would be neoadjuvant chemotherapy,
however, if diagnosis is made following resection of tumor
adjuvant chemotherapy is given. Radiologically findings
can be useful to arrive at correct diagnosis. Sclerotic area
of parosteal osteosarcoma and lytic or cystic fluid filled
areas of high grade area can be identified radiologically. A
correct sampling from these radiologically different areas
can offer correct diagnosis of dedifferentiated parosteal
osteosarcoma.*8*

Chondrosarcoma

Dedifferentiated chondrosarcoma consists of a conventional
low grade component of conventional chondrosarcoma
and high grade dedifferentiated component. The latter
component may show features of undifferentiated
sarcoma, osteosarcoma, fibrosarcoma, rhabdomyosarcoma,
leiomyosarcoma, and giant cell tumor. The dedifferentiated
chondrosaroma is an aggressive neoplasm with poor
prognosis.

Diagnosis is therapeutically important as chemotherapy in

dedifferentiated chondrosarcoma has limited role except
for control of metastatic lesions although exceptions
exist. Radiological findings characteristic of conventional
chondrosarcoma (matrix mineralization) and destructive
lesion a feature of dedifferentiated component can be very
useful in correct diagnosis. A correct pathological diagnosis
is not possible if the biopsy is taken from one component
ignoring the other. Radiologically mapped biopsies
representing two different components can be very useful
for correct preoperative diagnosis. Ki67 index can be a
useful to identify the aggressive components.*°

Epithelial dedifferentiation in chondrosarcoma is extremely
rare event. Dedifferentiation of chondrosarcoma into
squamous cell carcinoma at metastatic inguinal lymph
node has been reported. Mutational analysis showed
isocitrate dehydrogenase 1R132c¢ mutation in low grade
chondrosarcoma component of primary tumor and
squamous component of secondary in the lymph node.>!

Liposarcoma

Liposarcoma (LPS) is well known for dedifferentiation.
Dedifferentiation in LPS is defined as ‘nonlipogenic’ tumor
area occupying at least one low power (10x) in proximity
of well-differentiated LPS (WDLS).>> A wide spectrum of
histological diverse components can be identified in the
dedifferentiated LPS which pose considerable diagnostic
challenge even in excised specimens. The initial smaller
or incisional biopsy may be not be representative and may
contain either differentiated liposarcomatous component
or dedifferentiated component alone. This may lead to
misclassification of the tumor depending on the component

of tumor sampled. Even in the resected specimens an
extensive sampling is required. Four major types of
dedifferentiation can be encountered in LPS.*

Low grade dedifferentiation: In this type of dedifferentiation
cellularity approaches fibromatosis, low grade fibrosarcoma
and low grade myxofibrosarcoma. Nuclear atypia and
mitosis are low.*

High grade dedifferentiation: In these tumors cellularity
is moderate to marked, tumor cells show considerable
pleomorphism and variable mitoses. It resembles high grade
fibrosarcoma or pleomorphic sarcoma.*

Heterologous dedifferentiation: The dedifferentiated
component in such cases may resemble rhabdomyosarcoma
or osteosarcoma.*

Homologous dedifferentiation: In these tumors lipoblastic
differentiation can be identified within dedifferentiated
high grade component which resembles pleomorphic
liposarcoma. A pleomorphic LPS can be identified within
WDLPS as a part of homologous dedifferentiation.™

In smaller biopsy tumor may be misdiagnosed according to
dedifferentiated components such as rhabdomyosarcoma,
follicular dendritic cell sarcoma, GIST or sometimes
diagnosis may completely missed due to lack of
representation. Immunohistochemistry can be of use for
correct diagnosis of dedifferentiation in LPS, however,
interpretation has to be made with caution. MDM2 and S100
can be useful in identification of lipoblastic cells within
high grade dedifferentiated components of homologous
dedifferentiation. Many of the IHC markers of LPS can be
reactive in other tumors such as MDM2/CDK4 amplification
can be identified in gastrointestinal stromal tumor (GIST),
lipoleiomyosaroma and mesenteric fibromatosis. Similarly
Beta catenin can be seen in fibromatosis. C-kit a marker
of GIST can be positive in about 30% of dedifferentiated
liposaroma.**

Malignant peripheral nerve sheath tumor

Malignant peripheral nerve sheath tumor (MPNST) is
derived from Schwann cells or pluripotent stem cells of
neural crest and is a highly heterogeneous malignancy
with divergent differentiation patterns. It has a diverse
IHC patterns. A range of sarcomas and even carcinomas
are included in the differential diagnosis of this tumor.
Epithelioid, glandular and heterogenous components can be
observed in about 15% of cases which pose considerable
diagnostic challenge to diagnosing pathologist. The
heterogenous components include rhabdomyoblasts,
cartilage,  osseous, smooth  muscle, glandular,
neuroendocrine and liposarcomatous components.”® It
is rare to have more than two heterogenous component
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in a single MPNST, however, upto six differentiated
components has been reported in a single tumor.> A careful
interpretation of morphological findings and IHC findings
is required in dedifferentiated MPNST to identify masked
MPNST and to differentiate this tumor from various other
tumors of heterogenous cell of origin (rhabdomyoblast-
Triton tumor, cartilaginous, osseous, smooth muscle,
glandular, neurendocrine, gangliocytic, undifferentiated
sarcoma). A distinction of dedifferentiated MPNST from
dedifferentiated chondrosarcoma, dedifferentiated LPS,
dedifferentiated rhabdomyosarcoma and dedifferentiated
osteosarcoma is not an easy task.® Dedifferentiated
components of MPNST may pose differential diagnostic
challenge to differentiate from metastatic carcinoma,
synovial sarcoma and mesothelioma if the location of the
tumor permits. An IHC marker in isolation is not diagnostic
of MPNST. Neuronal markers such as S100, CD56, and
PGP 9.5 are not specific for MPNST. Nestin in combination
with other markers can be of use in diagnosing MPNST.
S100 expression may be lost with increasing grade of tumor
and it has limited diagnostic utility. MPNST with glandular
differentiation may be difficult to distinguish from synovial
sarcoma and mesothelioma. S100 and cytokeratin may be
expressed in both MPNST and synovial sarcoma. EMA/
CK7 for synovial sarcoma and nestin/S100 for MPNST, can
be useful combination of markers. HMGA?2 is expressed
in MPNST but not in synovial sarcoma. Calretinin can be
useful to differentiate MPNST from mesothelioma which is
seldom positive in Malignant peripheral nerve sheath tumor.
In addition the glandular component of MPNST may show
goblet cell and neuroendocrine differentiation which is not
seen in mesothelioma.*

CONCLUSION

The phenomenon of tumor dedifferentiation has been
uncovered with invent of modern diagnostic molecular
technology. The real nature of malignant tumor needs to
be revealed for appropriate cancer therapy. All the tumors
should be looked with high index of diagnostic suspicion,
to know that what we are seeing under microscope is the
real face of tumor or it is the mask. None of the diagnostic
technology is enough if used in isolation. A combined effort
by clinician, radiologist and pathologist in combination of
modern technology is required to unmask the real nature of
cancer.
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