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While, in academic ivory towers, we routinely take for granted the ability to apply a

wide range of diagnostic techniques and the oncologists’ ability to use a variety of

different ities and ct ic regimens, on a broader scale, the
range of diagnostic techniques or therapeutic approaches may be significantly more
limited — or there may be a mismatch between the two. Very often, any limitations or
mismatches will relate principally to issues of cost and/or proven cost-effectiveness. In
general, however, it is probably not the pathologists’ role to determine whether or not a
tumor is worth subclassifying since, in many instances, the pathologist may not be
familiar with the details of a specific clinical situation or with the possible and
appropriate therapeutic interventions. Thus, the approach to cases of this type needs to
be multidisciplinary and, as with all good pathology practice, should include effective
communication between pathologists and clinicians. The extent to which a clinician is

likely to seek detailed st ion of a ingly undi i sarcoma will
depend not only on the range of therapeutic options but on issues such as tumor stage,
the patient’s general clinical condition and an assessment of the likelihood that
subclassification may have therapeutic impact (for example, this would be more likely in
a round cell sarcoma rather than a pleomorphic sarcoma). Quite often, the more
significant decision point, from the clinician’s perspective, will be to make sure that the

tumor is a sarcoma, rather than lymphoma, carcinoma or melanoma.

In general, undifferentiated sarcomas can best be considered in broad groups —
principally those with round cell morphology, spindle cell morphology, pleomorphic
morphology or epithelioid morphology. The proportion of undifferentiated sarcomas
which would be labelled as myxoid is relatively small and, furthermore, most such
lesions are of spindle cell type and occur in older adults, in a setting where therapeutic
options are frequently more limited.

ROUND CELL SARCOMAS
Arguably, the st ification of round cell , most but not all of which

occur in pediatric and adolescent patients, has the greatest clinical impact. The
principal reasons for this are that these are among the most aggressive soft tissue
sarcomas, yet also the most chemosensitive and, furthermore, there are well-defined
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Bullet points

Whether or not to label a sarcoma ‘undifferentiated’ depends heavily on available
diagnostic resources and available treatment options.

Pathologic subclassification of all sarcomas, where possible, is the main avenue
by which advances in diagnosis, prognostication and therapeutic stratification are
made.

Attempts to subclassify round cell sarcomas are likely to have the highest yield,
particularly in terms of clinical benefit.

Subclassification of seemingly undifferentiated spindle cell sarcomas may
sometimes have significant clinical impact.

Efforts to subclassify undifferentiated ic or epithelioid malignancies

arising in soft tissue is very often unrewarding.

and quite different therapeutic regimens which are applied to rhabdomyosarcoma and
Ewing's sarcoma/PNET respectively, these being the two largest groups of round cell
sarcomas. As such, pathologic subclassification will have significant impact on
treatment and therefore best efforts have to be made to avoid the non-discriminatory
label ‘undifferentiated’. That having been said, it is also true that a significant subset of
the round cell sarcomas occurring principally in young infants may be extremely hard to
classify reproducibly, either because they appear to be undifferentiated by whatever
techniques are applied, or because they show bizarre or complex polyphenotypic
differentiation or, more rarely, because there are well-documented examples in which
the morphology and immunophenotype may not fit well with the genetic findings. In
general, immunohistochemistry allows reliable subclassification of the large majority of
round cell sarcomas occurring in young patients and, in the small subset which remain
unclassified by this technique, most can be further resolved by using cytogenetics or,
increasingly, molecular genetic analysis on paraffin-embedded or frozen tissue. While,
in the past, electron microscopy was often quite helpful in this context, molecular testing
has increasingly become the gold standard in this clinical setting, in part because of
reproducibility and also in part because ultrastructural evidence of specific
cytodifferentiation may be focal or limited in extent in a given tumor. In addition, tissues
suitably fixed for electron microscopy are commonly not available. Furthermore,
molecular genetic testing can be extremely helpful when there is immunophenotypic
overlap between potential diagnoses — for example, keratin-positive Ewing’s/PNET,
desmin-positive desmoplastic small round cell tumor and CD99-positive mesenchymal
chondrosarcoma to name just a few.

Subclassification of round cell sarcomas in adult patients (of any age) also has
direct relevance, now that pediatric-type rhabdomyosarcomas and Ewing's/PNET are
increasingly recognized in this age group. Subclassification is important because it is
nowadays believed, principally by medical oncologists, that the use of pediatric-type
chemotherapeutic regimens in adult patients with these diseases is associated with a

significantly improved outcome.

Introduction
In the context of the program laid out for this session, which includes
presentations devoted to the ultrastructure, cytogenetics and molecular genetics of

poorly di i or i ttiated sarcomas, then it is the purpose of this
presentation to address specifically what surgical pathologists might do, in the routine
clinical/diagnostic setting, to facilitate the classification of an otherwise seemingly
undifferentiated sarcoma. Comprehensive lists of useful immunostains and specific
cytogenetic/molecular genetic aberrations are not included here as they have been
featured in many textbooks and review articles. In most institutions, it is the surgical
pathologist who decides whether or not immunohistochemical stains, electron
microscopy, cytogenetics or molecular genetic analysis should be initiated and, in these
circumstances, it is important to consider what the cost-benefit of such testing might be
and what impact any work-up (by whatever technique) may have either on

prognostication or therapeutic decision making.

What is an undifferentiated sarcoma?

Either obvious or ridiculous as this may seem, the decision to label any sarcoma
as undifferentiated is very much in the eye of the beholder. Furthermore, that
beholder’s interpretation may be significantly influenced by the availability of resources
to pursue the precise line of differentiation in a given neoplasm, as well as the likely
influence of any more specific diagnosis on local treatment decisions. Factors which
may have significant impact on whether or not to label a sarcoma as undifferentiated
include:

Clinical context/patient age

Extent of tissue sampling

Availability of immunohistochemistry (and range of antibodies)

Availability of electron microscopy (including suitably fixed tissue)

Availability of cytogenetic and molecular genetic testing

Experience of the pathologist

Availability of sophisticated oncologic intervention (including range of different
therapies)

SPINDLE CELL SARCOMAS

The true clinical relevance of subclassifying an otherwise seemingly
undifferentiated spindle cell sarcoma is more limited than that in round cell sarcomas,
mainly because of the more limited therapeutic options and smaller likelihood of chemo-
responsiveness. While there is a good argument to make that pathologic
subclassification of all sarcomas is worthwhile, since this is the only means by which
clinical, prognostic and therapeutic differences will be identified, nevertheless, in the
course of daily practice, the only two types of strictly spindle-celled sarcoma in which
there may be important therapeutic implications are monophasic synovial sarcoma,
which is especially chemo-sensitive (particularly to ifosfamide) and the
fibrosarcomatous (higher-grade) variant of dermatofibrosarcoma protuberans (DFSP),
which may be very usefully palliated (either in the setting of extensive local disease or
metastatic disease) by the use of tyrosine kinase inhibitors such as Gleevec.
Conversely, the broader group of spindle cell sarcomas which might include mainly
leiomyosarcoma, malignant peripheral nerve sheath tumor (MPNST) and, potentially,
fibrosarcoma (if we could define it !) will have less importance at the present time, since
this group of lesions as a whole is relatively less sensitive to currently available
chemotherapeutic agents and, when either very large or else disseminated, is generally
treated by one of the standard ‘broad spectrum’ adult-type sarcoma regimens (usually

including either adriamycin and/or ifosfamide).

In terms of the techniques to apply, most examples of leiomyosarcoma and
synovial sarcoma will be identified successfully using immunohistochemistry but, in
poorly differentiated examples of synovial sarcoma, molecular genetic testing is often
helpful. With regard to MPNST, greater problems arise since less than 50% of these
lesions stain with either S-100 protein or GFAP and there are no well-defined molecular
genetic ‘'markers’ for this tumor type. In this setting, electron microscopy may well be
useful in proving the presence of nerve sheath differentiation although, as mentioned
above, the therapeutic impact of such classification may be more limited.
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High density microarrays are used to measure in a comprehensive manner on a large
scale (“profile”) gene expression patterns (when tumor RNA is tested) or gene copy number
changes (when tumor genomic DNA is tested). Microarray-based studies are increasingly
useful in addressing a wide variety of questions in sarcoma biology. During this talk, a brief
description of the microarray methodology and data analysis will be provided, followed by few
examples of the recent applications of gene expression in the diagnosis, classification and
treatment of sarcomas.

I. DNA Microarray Technology

Expression profile refers to the process of measuring the expression of thousands of
individual genes simultaneously in a given tissue sample. The basic principle is hybridization-
based.

Microarrays: a collection of spots on a solid surface (often a glass slide) arranged in neat
rows and columns, so that the origin of each spot is known. Depending on the type, the spots
can contain DNA sequences (as in gene microarrays), tissue fragments (tissue microarrays)

protein (protein microarrays), etc.

Types of high-density microarrays:
a) cDNA spotted arrays. Libraries of cDNA clones (20,000-40,000 most commonly expressed
genes) are robotically arrayed on standard 1x3 glass microscope slides and usually

produced by the investigator or by a core facility. This method requires competitive

discriminate tumors from normals? Are there correlations between expression profiles and
other molecular or pathological properties of the tumor? Are there correlations between
expression profiles and clinical outcome and response to therapy? With what degree of
certitude these results are not due to chance alone? Are there subsets within tumors of the
same apparent class? Are these pathways relevant to the tumor phenotype or as potential
targets for therapy?” These important questions and the need to develop the mathematical
tools to address them have attracted the attention of computer scientists, engineer, and

Numerous cc ional approaches have been developed.

Microarray analysis whether supervised or unsupervised ultimately generates lists of genes
that discriminates among samples. Making sense of these gene lists presents a significant
challenge. Gene names can be misleading and the majority of genes are linked to little or no
functional information. Most of the interpretations that arise from exploring microarray data
should be considered hypotheses, rather than conclusions. Additional forms of
experimentation is most likely necessary to establish a conclusive connection between a
gene and the tumor in which is expressed.

Validation the microarray data: How reliable is the data? Tissue microarrays for in situ
mRNA hybridization or immunohistochemistry provide the possibility of confirmatory studies

on large number of samples.

. lications of the DNA microarray to cancer di is and prognosis

Cancer is a disease of disturbed genome function. Irrespective of whether this is the
result of a point mutation, deletion, translocation, gene amplification, or methylation, the
malignant phenotype is mediated by a characteristic pattern of gene expression. Identifying
these genes whose expression differs between normal tissues and tumors and among tumor
types is the focus of today’s research. Investigators in the field initially performed studies in
which tumors of different morphology or different primary sites were shown to have clearly
distinguishable patterns of gene expression. This type of diagnostic classification by analysis
of expression profile is called “class prediction”. These proof-of-principle studies served to

validate cDNA microarray technology and the researchers then shifted their focus to

hybridization to a mixture of reference and test mRNA, each labeled with a distinct

fluorochrome (red-tumor and green-reference).

b) Affymetrix (Santa Clara, CA) oligor i I . Affy ix uses similar
equipment to that used for making silicon chips for computers, allowing mass production of
chips at reasonable costs. Affymetrix uses masks to control synthesis of oligonucleotides on
the surface of the chip. Light is directed through a mask to deprotect and activate selected

sites, and n i couple to the acti d sites. The process is repeated,
activating different sets of sites and coupling different several hundred thousand squares
(cells) each containing many copies of one oligonucleotide. So the result is several hundred
thousand different oligos, each of them in millions of copies. It is not used for gene discovery
because this approach requires knowledge of the sequence in order to choose probes for a
given gene or EST. 25 base oligos are synthesized in situ, by light directed oligonucleotide
synthesis. Each gene represented by at least 20 oligos distributed along the 5’ to 3’ length of
the gene. Each is paired with a single base mismatch oligo. The arrays are constructed on
rigid material (glass) they can be inverted and mounted in a temperature-controlled
hybridization chamber. It is based on an important observation that single stranded DNA
binds strongly to nitrocellulose membranes in a way that does not re-associate with each
other but permits hybridization with cRNA. A fluorescently tagged nucleic acid sample
injected into the chamber hybridizes to complementary oligonucleotides on the array. Laser
excitation enters through the back of the glass support, fluorescence emission is collected by
alens and passes through a series of optical fibers to a sensitive detector. By scanning the
laser beam (translating the array) a quantitative two-dimensional fluorescence image of
hybridization intensity is quickly obtained.

Probe redundancy: the use of multiple oligonucleotides of different sequence designed to
hybridize to different regions of the same RNA. The use of multiple independent detectors for
the same molecule greatly improves signal-to-noise ratios, improves the accuracy of RNA
quantitation, drastically reduces the rate of false positives and miscalls. An additional level of
redundancy comes from the use of mismatch (MM) control probes that are identical with
perfect match (PM) probes except for a single base difference in a central position. The MM

probes act as specificity controls that allow the direct subtraction of both background and

identification of molecularly defined tumor entities that were inapparent by conventional
pathologic analysis (“class discovery”). New unsuspected biological subsets were detected
among cutaneous melanomas, breast carcinomas, and pediatric acute lymphoblastic

leukemias. In other cases, there has been “class rediscovery” or “class confirmation”.

Variability in the results, more notable in prognostic studies than in class prediction,
have already appeared in the literature and is most likely related to inter-laboratory and inter-
platform reproducibility. For example, two large breast cancer expression profiling studies
differed considerably in the results of unsupervised clustering: one identified 3 major subsets
(ER-positive luminal cell type, basal cell type, and ERBB2-amplified type), while the other
detected only 2 major subgroups according to ER status and lymphocytic infiltration.
Moreover, in the latter study, well-established clinical markers, such as ERBB2 and ER were

not found within a list of 70 genes linked to outcome.

1V. Molecular Profiling in the Diagnosis and Treatment of High Grade Sarcomas

Studies involving gene expression technology have been mainly applied as a source of
diagnostic markers for sarcoma diagnosis and to their role in clarifying sarcoma
classification. A general observation of microarray-based expression profiling studies of
sarcomas is that translocation-associated sarcomas are robustly clustered by expression
profiling using cDNA microarrays, whereas so-called complex karyotype sarcomas tend to be
less tightly clustered. Thus, complex karyotype sarcomas that often show different gains and
losses from case to case are also likely to show more variability in gene expression patterns,
leading to less robust unsupervised clustering of the expression profiles. Indeed, this tumor
group may be better studied by profiling of gene copy number changes using array-based
CGH.

Our study on 51 soft tissue sarcoma specimens using hierarchical cluster analysis
demonstrated distinct clusters for GIST, synovial sarcoma, clear cell sarcoma and round cell
liposarcoma. Several fibrosarcoma tumors fall in close proximity to synovial sarcoma.
Pleomorphic sarcomas exhibited overall poor correlation and consistency by boot strap

cross-hybridization signals, and allow discrimination between “real” signals and those due to
non-specific and semi-specific hybridization (hybridization of the intended RNA molecules
produces more signal on PM probes than for MM probes, resulting in consistent patterns that
are highly unlikely to occur by chance: the pattern recognition rules are codified in the

analysis software).

c) array-based comparative genomic hybridization (array-CGH): uses microarrays with
genomic DNA sequences and used to interrogate tumor DNA samples in order to provide
information regarding gene copy number (amplification and deletions).

II. Data Analysis

Data from a single 22,000-gene Affymetrix GeneCHip occupies 100 MB of storage and
require significant manipulation before interpretation. Normalization of all values to a mean of
500 is commonly used. Data cleanup is an important first step to reduce the noise, increase
sensitivity, and manage artifacts of data set transformation. Filtering and statistical analyses
constraints are applied to exclude those genes that did not vary significantly between
comparison groups or that are not expressed at high enough levels. Data from a series of
tumor samples with expression levels for thousands of genes can present a challenge for

analysis. A method for data storage and retrieval in a database is essential.

Hierarchical Clustering or Cluster Analysis: uses standard statistical algorithms to
arrange genes according to similarity in pattern of gene expression. The output is displayed
graphically, conveying the clustering and the underlying expression data simultaneously.
Relationship among genes is represented by a tree whose branch lengths reflects the degree
of similarity between genes (dendrogram). This method recognizes groups of genes that are
co-expressed, providing a new insight of their possible function. It also identifies samples
whose gene expression patterns correlate. The basic idea is joining together points into
clusters.

Appropriate selection of analysis tools will depend on the questions to be addressed. Certain
key questions predominate cancer-related microarray research: “Can two types of cancer be

discriminated? What genes discriminate them more clearly? Are there genes that

analysis. However, within this group certain prominent clusters were observed for both

malignant fibrous histi (MFH) and leioi ‘coma.

One example of “class confirmation” study in sarcomas includes the comparison of
GIST versus leiomyosarcoma. Previous RNA expression profiling studies of different soft
tissue sarcomas indicated that GIST expression profiles were distinct and quite
homogeneous in part due to the unique derivation of GIST from ICC. GISTs are
characterized by a distinctive transcriptional signature, as a result of overexpression of KIT,
PRKC6, DOG1, which can be applied in tumor diagnosis, even when compared with their
closest pathologic mimic, leiomyosarcomas. Likewise, several studies have used microarrays
to identify genes differentially expressed between PAX-FKHR fusion-positive alveolar and
PAX-FKHR fusion-negative embryonal rhabdomyosarcoma.

Molecular profiling was also applied to clarify the conflicting data on the
relationship of clear cell sarcoma (CCS) to cutaneous melanoma. While the two are

clearly genetically distinct, as CCS lack the BRAF mutations commonly seen in
melanomas, whereas melanomas do not contain the EWS-ATF1 fusion, by expression
analysis CCS share a melanocytic gene signature with melanomas.

In the study by Baird et al, the unsupervised hierarchical analysis on MFH cases
alone identified 2 distinct groups: one carrying a muscle profile (myosin X, sarcoglycan
B, tenascin C) and the second group revealed an immune regulatory gene profile
(HEM1, MX1, DAP10). Interestingly, the storiform-pleomorphic and the myxoid
subtypes equally populate both groups of tumors. However the distinction between
MFH with myogenic differentiation versus inflammatory characteristics might have
clinical relevance. Myogenic differentiation as reflected by IHC in MFH or pleomorphic
sarcoma, NOS, has previously shown to have an adverse clinical outcome.

New IHC markers emerging from microarray studies include DOG1 in GIST,
TLE1 in synovial sarcoma, AP2-f in alveolar rhabdomyosarcoma, and Apo D in
dermatofibrosarcoma protuberans (DFSP).



Still in incipient phases, microarrays studies have been used to predict outcome
or therapy response. Poor outcome Ewing sarcoma has been linked with alterations in
cell cycle regulatory genes. In a recent study, West at al suggested that expression
signatures of either fibromatosis or solitary fibrous tumor can be identified in the

stromal component of most breast carcinoma and can be correlated with clinical

outcome. The fi is signature is i with good outcome breast tumors,

while solitary fibrous tumor profile is found in poor clinical outcome.

Three different studies have been assessed the correlation of transcriptional
profile of pre-treatment osteosarcoma biopsy and response to chemotherapy.
Disappointingly, limited overlap has been noted among the results of these studies,
which can be explained as a consequence of different platforms or bioinformatics
approaches used, differences in patient population or chemotherapy regimens
applied, etc.

The ability of mining candidate genes for targeted therapies through microarray
analysis has been validated with the GIST i where the over KIT or

PDGFRA provided the biologic basis for imatinib mesylate therapy. Other examples
include dermatofibrosarcoma protuberans, where through an autocrine/paracrine
mechanism, the overexpressed PDGFB up-regulates its receptor, PDGFRB, therefore
providing another susceptible target to selective tyrosine kinase inhibition. However,
targeted therapy appears to be most successful in sarcomas with a distinct underlying
molecular biology, and has been failed in sarcomas with non-recurrent complex
karyotype. Since drugs target proteins rather than genes, protein level validation is
critical and can be performed on the tissue microarray by using IHC and ISH
techniques.

In summary, microarray studies applied so far in sarcomas support their classification
into genetically simple and genetically complex categories and have provided useful
diagnostic markers, as well as insight for novel and targeted therapeutic approaches.

However, there is a considerable vacuum between the practical world of hospital-based

21.Nielsen TO, et al. Tissue microarray validation of epidermal growth factor receptor and
SALL2 in synovial sarcoma with comparison to tumors of similar histology. Am J Pathol
2003; 163:1449-56.

22.Nielsen TO. Microarray analysis of sarcomas. Adv Anat Pathol 2006; 13:166-73.

23.0hali A, et al. Oncogene 2004; 23: 8997-9006.

molecular diagnostic laboratories and some of the predictions prompted by high-throughput
genomics work. Hopeful statements, such as one made in 1999 that “doctors will be offering
gene expression profiles to some patients in the next 3 years”, failed to consider the many
issues in moving complex assays from research laboratories to clinical laboratories. Because

of the regulatory, billing, quality control, and test validation concerns, combined with limited

resources, i diagnostic ies are extremely selective in their test

menus. Furthermore, it is not clear yet that the present cost of microarray, large-scale

expression profiling for “class prediction” is more cost-effective than

pp! , i.e., hi ited in selected cases by IHC, cytogenetics, or
molecular assays.

In short term however the impact of tumor expression profiling is in the identification
of new diagnostic and prognostic markers, which can be studied individually by more
conventional techniques. The availability of TMA accelerates the validation of these new IHC
assays. The next step will require efforts in academic and commercial laboratories to
generate new antibodies for the products of differentially expressed genes without currently
available antibodies.
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+ Cytogenetic abnormalities in mesenchymal neoplasms can be divided into 2 groups:
tumor-specific abnormalities and multiple, sometimes complex abnormalities that are
rarely useful diagnostically.

« The identification of tumor-specific chromosomal abnormalities in mesenchymal
neoplasms has added a new dimension to the formulation of a diagnosis
complementing traditional light microscopic examination of hematoxylin-eosin stained
slides, immunohistochemistry and electron microscopy.

« Detection of tumor-specific chromosomal aberrations by conventional cytogenetics,
molecular cytogenetics (FISH) and/or RT-PCR analysis is especially useful in the
management of poorly differentiated sarcomas and in confirming diagnostic
impressions of lesions arising in rare anatomic locations or unusual age groups, or
exhibiting atypical histopathologic, immunophenotypic or ultrastructural findings.
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positive for only CD56 and MAK6 (focal). ‘A portion of the specimen was also submitted for
cytogenetic analysis at the time of biopsy. Harvest and examination of the supernatant (first change of
culture media performed within 48 hours), revealed a hypertetraploid complement featuring the
1(2;13)(q35:14) ic of alveolar (ARMS). FISH analysis confirmed the
presence of a rearrangement of the FKHR (FOXOAI) locus. Subsequently, immunoreactivity for
desmin, myogenin and myoglobin were also demonstrated.
Initially, rhabdomyosarcoma (the most common soft-tissue sarcoma of childhood but rare in older adults) was
not considered in the differential diagnosis for this case. The light microscopic appearance was not helpful
because an alveolar pattern was not readily identifiable and many of the cell groupings were crushed or
necrotic. An immunohistochemical panel for diagnostic consideration of small cell carcinoma, lymphoma and
melanoma was explored. An advantage of conventional cytogenctic analysis is that knowledge of the
histologic diagnosis or anticipated anomaly is not necessary. Cytogenetic analysis provides global information
(primary and secondary aberrations) in a single assay and a quick tum-around-time can be achieved. A
valuable diagnostic adjunct in ARMS is the identification of translocations t(2:13)(g35:q14) and
{(1313)(p36:14), and the associated PAX3-FOXOAI and PAX7-FOXOAI fusion transcripts, respectively. In
the absence of an alveolar patiern in the solid variant, with the low degree of differentiation in certain
embryonal rhabdomyosarcomas (ERMSs) and with the increasing use of fine-needle aspiration biopsics,
recognition of these specific translocations may be useful,if not essential, in establishing an acurate diagnosis
and ensuring the correct therapy.™”

Spindle Cell Neoplasms

Discrimination of sarcomas with predominantly spindle cell morphology can be difficult without ancillary
immunohistochemical, ultrastructural or genetic techniques. There are advantages and limitations to each of
these methods. Morphologic assessment of a spindle cell ncoplasm can be complicated when the expected
range  of markers or features are absent. Moreover, the
immunohistochemical pattern for some spindle cell sarcomas, such as synovial sarcoma (SS) and malignant
peripheral nerve sheath tumor (MPNST), can (werlap with those of other neoplasms.*** Detection of spindle
cell sarcoma specific such as the SS-associated X;18 low grade
sarcoma-associated 7;16 translocation or Zp23 (ALK gcnc) in

tumor (to name a few) may be necessary to confirm a diagnosis in difficult cases.

SS is an aggressive neopld:m arising most t,ummunly in the extremities of young adults. By light microscopy,
biphasic SS featurin distinct but related epithelial cells and fibroblast-like
spindle cells is less hkely to pose dmgnoanc difficulties than monophaslc fibrous, monophasic epithelial, or
poorly differentiated variants. These latter variants may be confused with fibrosarcoma, leiomyosarcoma,
MPNST, hemangiopericytoma, metastatic carcinoma, melanoma, and PNET among others. More than 95% of
SSs, regardless of histology, exhibit the chromosomal translocation t(X;18)(p11.2:q11.2). This translocation
results in the fusion of the SYT"gene on chromosome 18 to cither the SSX or SSX2 gene on chromosome X
and can be detected by cytogenetic, molecular cytogenetic or molecular diagnostic means.
An 18-year-old male presented with right-sided chest pain. Radiographic studies showed an 8-cm
diaphragmatic right pleural-based mass and associated pleural effusion. Exam was negative for
extrapleural discase. Resection of the neoplasm revealed that it was composed of uniform spindle-
shaped cells with scant cytoplasm and indistinct cell borders. The neoplastic cells were diffusely
immunoreactive for vimentin and bel-2 and focally for AEI/AE3, CAMS.2, and epithelial membrane
antigen. The neoplastic cells were negative for S-100 protein, CD34, desmin, muscle-specific actin
and a-smooth muscle actin. The diagnostic impression of - monophasic fibrous SS was further
validated by the karyotypic of the X:18 In addition, a ring
chromosome was detected. The ring chromosome, considered a secondary change in this case, was
shown to be composed of chromosome § material by subsequent spectral karyotyping and FISH
studies.” An extra copy of chromosome 8 is one of the most frcquenl secondary numerical
abnormalities in SS. Its presence may be associated with disease progression.”
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INTRODUCTION

In the present review, emphasis was placed on the i of to the of poorly
differentiated sarcomas. Certain case presentations are included to illustrate the integration of traditional
histopathologic and genetic approaches and serve as uscful paradigms. Cytogenetic abnormalities in
mesenchymal neoplasms can be divided into two major groups: (1) A significant number of sarcomas arc
by ific structural Most commonly, these are translocations that result in
the production of chimeric genes encoding for abnormal, oncogenic proteins that are central to the causation of
these tumors.” - Other cxﬂmplcs include supernumerary ring chromosomes that may lead to certain gene(s)
o T anomalies serve as valuable diagnostic aids particularly in the
differential dlagnosls of those sarcomas of a confusing nature such as poorly differentiated sarcomas. (2) Other
sarcomas are associated with multiple and sometimes complex chromosomal changes suggesting that tumor
development in this subgroup requires a succession of changes. Although more difficult to appreciate the
diagnostic value of these Karyotypic changes, a pattem of chromosomal imbalances and/or recurrent
breakpoints may be recognizable for some neoplasms such as embryonal rhabdomyosarcoma®”, malignant
peripheral nerve sheath tumor*® or conventional osteosarcoma.'™! These aberrant patterns, when viewed in
association with other clinicohistopathologic features, may contribute to accurate nosology, but are not as
useful as tumor-specific anomalies. Regrettably, for most sarcomas in this group however, lhc hngh degree of
cytogenetic complexity (including large numbers of marker
heterogeneity) precludes its use as a discriminating tool.''*

TUMOR-SPECIFIC CHROMOSOMAL ABNORMALITIES

by o exchange of material between two or more nonhomologous chromosomes, are
encountered as the most frequent cific anomalies in neoplasms. A

translocation is considered a “primary” chromosomal abrormality. 1t s often presen as the sole knryotyplc
aberration and is therefore likely to be etiologic. In contrast, “secondary” chromosomal abnormalities may be
consistent in a particular neoplasm, but are also observed in other histologic tumor types, thereby lacking the
specificity of the primary change. Secondary changes or additional genetic mutations are also thought to be
essential in cancer or contributory to tumor progression, but little is known about this group of
changes in sarcomas.

Identification of nonrandom translocations in bone and soft tissue tumors has directed investigations of the
underlying biological events (Table 1). Striking similarities among the translocations cloned in sarcomas are
evident. Generation of  chimeric gene expressing an abnormal proten, a novel trancription actor that causes
is the of most sarc Less commonly,
sarcoma-associated translocations or other recurrent genetic alterations elicit slgnalmg pathway deregulation.

Small Blue Round Cell Neoplasms

Ewing’s sarcoma, ic small round cell tumor, Wilms’ tumor,
lymphoma, small cell and poorly differenti

synovial sarcoma among others arc members of a group of neoplasms categorized as small round cell tumors

(SRCTs) because of their uniform small round cell This light

microscopic appearance often causes diagnostic difficulties. Establishing an accurate diagnosis requires studies
beyond the routine hematoxylin and cosin-stained sections such as immunohistochemical and electron
microscopic_studies."™!® Cytogenetic and molecular genetic approaches are valuable in classifying these
neoplasms.>'1"?* This is particularly true when pathologists are confronted with poorly differentiated or
undifferentiated SRCTs in which useful immunohistochemical or ultrastructural features are absent.
Characteristic cytogenetic findings are not lost as a lesion becomes less differentiated or metastasizes.
Moreover, detection of distinctive genetic alterations in small biopsies of SRCTs or SRCTs with unusual
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Primary SSs of the pleura are rare. Monophasic fibrous SSs arising in this unusual ste may be histologically
indistinguishable from solitary fibrous tumor and sarcomatous malignant mesothelioma.***” Moreover, recent
studies have shown epithelial marker negativity and CD34 positivity in some pleuropulmonary monaph:
fibrous SSs further complicating its distinction from solitary fibrous tumor and other spinde cell neoplasms.
% Arriving at a correct diagnosis is crucial since these neoplasms show different prognoses and require varying
treatment modalities. The SS-specific t(X;18) is considered one of the most reliable diagnostic criterion and its
detcction by cytogenetic or molecular genetic approaches may be necessary for definitive classification in
exigent This case also the advantage of cytogenctic analysis in disclosing
secondary changes that may contribute to neoplastic progression.

Adipocytic Tumors

Liposarcomas represent the single most common group of soft tissue sarcomas. Dedifferentiated liposarcoma
(DDL) s a distinct subtype of liposarcoma showing transition into a nonlipogenic sarcoma of variable
histologic grade, either in the primary tumor or in a recurrent tumor from a well-differentiated liposarcoma
(WDL).* DDL may be difficult to distinguish from a hlgh grade pleomorphic sarcoma or other poorly

sarcoma.* C; and/or giant rod-shaped marker
chromosomes composed at least in part of Chromosome 12 materal accompanied by few or no other
abnormalities are characteristic of atypical lipoma/WDL.

n 82-year-old female noted a non-painful medial left thigh mass approximately two months prior to
secking medical attention. Radiographic examination confirmed the presence of a mass with one
portion demonstrating a signal intensity similar to that of subcutaneous adipose tissue and the other
showing a darker signal intensity. The resccted, grossly heterogencous mass, measuring 5.3%6.110.5
cm, was histopathologically composed of a_well-differentiated ~liposarcomatous ~component

abruptly into a one. The of the latter resembled
“MFH"Jike pleomorphic sarcoma. Cytogenetic analysis of the WDL-component revealed the
following abnormal complement: 47-48,XX,+1-2r,1-2dmin. Notably, cytogenetic analysis of the
DDL-component  revealed a  similar, but slightly more complex complement: 42-
45XX.del(3)(p13).del(3)(q12426).-4.-5.add(6)(p25).del(6)(p12).-7.add(9)(p24).- 11 der(12)(5:12)
(q11.2;p11.2),add(13)(p12),-14,-16,-19,add(19)(p13.3),-21,i(22)(q10),+1-3r, +marl +mar2,+1-4mar.
A distinct advantage of cytogenetic analysis is that primary or characteristic chromosomal aberrations are
present in all tumor cells and are expressed throughout the clinical course. These alterations are not lost as a
neoplasm becomes less differentiated or metastasizes. Similar to WDL, DDL most often has rings or giant rod-
shaped marker chromosomes and dmin, signifying a kinship to, if not in fm denvauon of these tumors from

WDL.* FISH and genomic profiling studies have that in
WDL/DDL consist chiefly of amplified 12ql3 15 material, mcludmg he genes MDM2 and CDK4.
Cytogenetic or molecular 12 compris:

chromosomes or MDM2/CDK+4 amplification may serve (0 distinguish WDL/DDL from benign adipose tissue
tumors and other poorly differentiated sarcomas respectively.”

In contrast to DDL, i show high counts and complex_structural
rearrangements featuring numerous unidentifiable marker chromosomes, non-clonal alterations, polyploidy,
and The profile of appears thercfore to be

closer to other pleomorphic sarcomas than to WDL/DDL."* Perhaps correspondingly. the clinical behavior of
DDL s less aggressive than in other high-grade pleomorphic sarcomas also.
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features or with linical (ie. originating in an
atypical anatomic location or uncommon age group) can also e instromental in establishing a_ precise
diagnosis.

The prototypical model of Ewing’s sarcoma (ES) illustrates the value of cytogenetics in the management of
poorly differentiated sarcomas. Approximately two decades ago, the observation of the nonrandom
translocation t(11;22)(q24:q12) in ES, peripheral primitive neuroectodermal tumors (pPNET), Askin tumor,
and other less frequent variants once considered unrelated neoplasms provided strong evidence for a common
histogenesis and led to the conclusion that these lesions are members of the same family exhibiting a spectrum
of differentiation.**” Accurate diagnosis of the ES family of tumors is critical for ensuring optimal clinical
care for these patients. The ES/PNET specific chromosomal translocations that result in the fusion of the
EWSRI gene (22q12) with an ETS transcription factor family member [most commonly FLII (90-95%)
followed by ERG and others (5-10%)] can be identified by conventional cytogenetic, fluorescence in situ
hybridization (FISH) or reverse transcription-polymerase chain reaction (RT-PCR) analysis.

CD99 (MIC2 in product) is present in virtually all ES/PNET and as
such, is an important immunodiagnostic marker of these malignancics. Establishing a diagnosis of ES/PNET in
the absence of CD99 immunoreactivity is more challenging. Conversely, it is important to recognize that
CD99 expression is not specific for ES/PNET as originally considered and in fact, may be detected in a
significant subset of other small, blue, round cell tumors.*** Consider the following example:
42-year-old male presented with right flank pain and gross hematuria. A large heterogeneous mass
in the right kidney was detected by ultrasonography and magnetic resonance imaging (MRI).
Additional radiographic studies revealed a right venal vein tumor thrombus, multiple liver lesions and
possible bone (sacral) metastases. A provisional diagnosis of renal cell carcinoma was made and right
radical nephrectomy performed. Grossly, the 9x7x6 cm neoplasm was focally necrotic and
hemorrhagic. Histopathologic examination revealed sheets of small round cells with occasional rosctte
formation and vimentin, neuron specific enolase and synaptophysin immunoreactivity. The malignant
cells were negative for CD99, but appeared weakly positive for FLI1. A diagnosis of ES/PNET was
favored, but not expressed with certainty because ES/PNET is an extraordinarily rare primary tumor in
the kidney and can be mistaken for a variety of other round cell tumors, including blastema-
predominant  Wilms' tumor, neuroblastoma, poorly ~ differentiated  synovial - sarcoma, an
undifferentiated neuroendocrine carcinoma. The diagnosis was subsequently confirmed
demonstrating a rearrangement of the EWSRI locus and the presence of an EWSRI/FLII fusion
transcript by FISH and RT-PCR, respectively.
This case demonstrates the value of genctic analysis in establishing a diagnosis of ES/PNET in the absence of
CD99 immunoreactivity. Evaluation of this particular case was also compounded by the origin of the neoplasm
in a rare anatomic location. Renal ES/PNET must be distinguished from blastema-predominant Wilms” tumor
and other primitive renal tumors that require different therapy.**** The immunohistochemical pattern of
primary malignant neurocpithelial tumors of the kidney may be perplexing.” In gencral, FLII expression has
been considered a more specific ES/PNET marker, however, it has also been detected in other neoplasms. ™

An erroncous light mi i may lead to fate antibody selection.”® In this event, a

large (and expensive) battery of immunostains may be selected in an effort to identify a differentiating antigen.

‘This is a potential danger in evaluating poorly differentiated sarcomas.
A 76-year-old female presented with new onset of left ptosis, dysarthria, and headache (bilateral
temporal). Radiographic studies revealed left ethmoid and sphenoid sinus opacification with contrast
enhancement consistent with chronic sinus disease but concerning for neoplasm. Histopathologic
evaluation of the surgically excised specimen revealed an infiltrative lesion composed of sheets of
small round blue cells with focal fibrous tissue bands separating some cell aggregates. Examination of
individual cells was limited by variable crush artifact and necrosis. The initial clinicohistopathologic
impression was malignant undifferentiated neoplasm, favor small cell carcinoma. The following
antibodies were examined: EMA, MAK6, AEI/AE3, CK7, CK20, CAMS.2, CDS6, chromogranin,
synaptophysin, GEAP, S-100, melan-A, CD45, EBV, and myeloperoxidase. The neoplastic cells were
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RECURRENT CHROMOSOMAL PATTERNS

Many sarcomas are associated with multiple and sometimes complex chromosomal changes suggesting that
tumor development in this subgroup requires a succession of changes. Although more difficult to appreciate
the diagnostic value of these karyotypic changes, a pattern of chromosomal imbalances and/or recurrent
breakpoints may be recognizable for some neoplasms such as adamamumma"‘. neuroblastoma®™®, embryonal
rhabdomyosarcoma (ERMS)", malignant peripheral nerve sheath tumor™ and conventional osteosarcoma.
‘These aberrant patterns, when viewed in ion with other clini ic features, may contribute
to accurate nosology, but are not as useful as tumor-specific anomalies.
A 24-year-old female presented to her local primary care provider with a several month history of
intermittent heavy bleeding. During this time-frame, the patient underwent an  endocervical
polypectomy and two D&C procedures with pathologic interpretation of each specimen as benign.
Subsequent review of the latter D&C specimen at the University of Nebraska Medical Center revealed
a malignant neoplasm interpreted as a mixed ERMS/ARMS with diffuse anaplasia. The patient
underwent a ic invasion with metastatic involvement of two
of six lymph nodes was detected. RT-PCR studies were negative for PAX/FOXOAI fusion transcripts.
Cytogenetic analysis revealed a near-tetraploid, complex karyotype with multiple numerical and
structural abnormalities.
Although a specific chromosomal abnormality is not observed in ERMS, there is a pattern of recurrent
imbalances that may contribute to its recognition. :pcmfczlly gain of all or portions of chromosomes 2, 7, 8,
13, and 20, and loss of 22 are most frequent.””* Mixed ERMS/ARMS lack the 2:13 or 1:13
translocations (as confirmed by conventional cytogenetic, FISH and/or RT-PCR studies) and appear to be
more similar to ERMS cytogenetically.”” ERMS occurs predominantly in children less than 15 years of age.
The anaplastic variant of RMS features enlarged atypical cells with hyperchromatic nuclei and bizarre,
multipolar mitoses.”” Anaplasia may be seen in both embryonal and alveolar tumors, but is more prevalent in
the former. Anaplastic features may be focal (single dispersed cells) or diffuse (clone-like cell clusters).
omic as detected by genomic (CGH) is common to
both anap]asllc ERMS and ARMS.” Likewise, karyotypic analysis of ERMS with anaplasia more frequently
discloses the presence of double minutes than in ERMS without anaplasia. Importantly, changes such as
double minutes and gene amplification in ERMS (and also in neuroblastoma) may be associated with tumor
progression or prognosis.**

Regrettably for most sarcomas showing multiple chromosomal changes (predominantly high grade
pleomorphic sdrwma:) |he high degree of Lngeneuc complexity (including large numbers of unidentifiable
marker precludes its use as a discriminating tool. "'

CONCLUSIONS

Important and meaningful advances have been made in mesenchymal tumor cytogenctics during the last two
decades. A number of bone and soft tissue tumors have been shown to have recurrent, if not specific,
chromosomal changes, particularly.translocations. The identification of these changes in mesenchymal
neoplasms has added a new dimension to the of a diagnosis traditional light
of sin stained slides, and clectron

Detection of tumor-specific chromosomal aberrations is especially useful in the management of poorly
differentiated sarcomas and in confirming diagnostic impressions of lesions arising in rarc anatomic locations
or unusual age groups, or exhibiting atypical or findings.
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Table 1: Characteristic and Variant Chromosomal Aberrations and Associated Molecular
Events in Bone and Soft Tissue Sarcomas

Neoplasm

‘Chromosomal aberration

Molecular event

Alveolar soft part sarcoma der(171T)(p11.2:q25.3)  ASPL/TFE3
Alveolar thabdomyosarcoma (2;13)(a35:q14) PAX3/FOXOAI
(1313)(p36:14) PAX7/FOXOAI
1(X:2)(q13:35) PAX3/AFX
1(2:2)(p23:35) PAXINCOAI
Clear cell sarcoma 1(12:22)(q1 3:q12) EWS/ATFI
1(2:22)(q32:q12) EIWS/CREBI
Congenital fibrosarcoma® (12:15)(p13:025) ETVEINTRK
Dy i (1 22:q13)° COLIAI/PDGFB
Epithelioid hemangioendothelioma 1(1:3)(p36:025) ?
Evwing sarcoma/pPNET 1(11:22)(q24:912) EWS/FLII
1(2122)(q22:q12) EWS/ERG
(7:22)(q22:q12) EWS/ETVI
(17,22)(q21:q12) EWS/EIAF
(2:22)(q33:q12) EWS/FEV
inv(22)(q12q12) EWS/ZS5G
1)(pl1:422) FUS/ERG
myxoid q12) EWS/NR4A3
TAF2N/NR4A3
(9;15)(q22:q21) TCFI2/NR4A3
Gastrointestinal stromal tumor Monosomy 14,22 KIT or PDGFRA
1p deletion ‘mutation
Inflammatory myofibroblastic tumor 2p23 ALK

Liposarcoma, well-differentiated

Liposarcoma, poorly-differentiated

Low grade fibromyxoid sarcoma
Malignant hemangiopericytoma
Myxoid/round cell liposarcoma
Parosteal osteosarcoma

Pericytoma

Synovial sarcoma

Ring/giant marker
chromosome; 12q13-15
amplification
Ring/giant marker

chromosome + more complex:;

12q13-15 amplification
(7:16)(q33:937)°
1(12:19)(q13:q13)
(12:16)(q13;p11)
1(12:22)(q13:q12)

Ring chromosome; 12q13-15
amplification
(7:12)(p22:q13)

(X 18)(pl 1.2:q11.2)

1(X;20)(p11.2:q13.3)

MDM2, CDK4, HMGA2
amplification

MDM?2, CDK4, HMGA2
amplification
FUS/CREB3L2

N

TL5Y/CHOP
EWS/CHOP

CDK4, MDM2, SAS
amplification
AGTB-GLI
SYT/SSXI
SYT/SSX2
SYT/SSX4
SSISLI/SSXI

This translocation is seen also in congenital mesoblastic nephromas, confirming a relationship with

congenital fibrosarcoma.

“This translocation is seen also in giant cell fibroblastoma, confirming a relationship with

dermatofibrosarcoma protuberans.

“Rearrangement also frequently seen as a ring chromosome.

Page 13 0f 13 —-reree

Contribution of Cytogenetics to the Management of Poorly Differentiated Sarcomas



SARCOMA LOOK-ALIKES: AN ULTRASTRUCTURAL
APPROACH

Guillermo A. Herrera MD
Saint Louis University, St. Louis, Missouri

Due to the variable light microscopic appearance of sarcomas, there are a large number of
neoplasms that may need to be considered in the differential diagnosis in some situations.
In a number of difficult cases, the surgical pathologist must approach the differential
diagnosis using ancillary diagnostic techniques and should do so in an orderly fashion,
recognizing that arriving to the correct diagnosis is without doubts the most important
goal. It is also imperative to take into account the expense and time that may be involved
in arriving to the definitive diagnosis. Therefore, the most reasonable route to address the
differential diagnosis and to make a final unequivocal should be taken. Whether

y, electron mi ics and/or molecular diagnostics
should be employed in the case in question becomes the dilemma. In some cases &
of the above is important not only to solidify the

diagnosis but also to provide important additional information regarding prognosis and
other important factors.

Differentiation of sarcomas from sarcomalmd carcinomas, spindle and pseudo
sarcomatous reactions can create a ic dilemma. Dif ion of
these entities by light microscopy can be almost impossible in some cases. Keratin
expression by immunohistochemistry is quite variable in poorly differentiated carcinomas
in general, where the entity of sarcomatoid carcinoma usually falls. While keratin
staining using a variety of cocktails may be of value, it is not uncommon for
immunoreactivity to be weak and focal or entirely absent.

A similar difficult differential arises between sarcomatoid mesothelioma and sarcoma.
Most immunohistochemical markers that are expressed by epithelial mesotheliomas are
not present in the sarcomatoid variety. The “positive” mesothelioma markers:
podoplanin, calretinin , keratins 5 and 6, WT1 protein, thrombomodulin and mesothelin
are usually not present in the sarcomatoid variety of mcsolhcllomas Of these, calretinin
is the one most d in

Another differential dlagnous that eleclron microscopy is very helpful in addressing is
that of of the lung d with florid
stromal (spindle-cell) reaction vs. theli The di ial with theli

arises from the finding of an apparent biphasic neoplasm microscopically and the gross
appearance encasing the lung, as is typically scen in mesotheliomas from where the

deseriptive name * " originates . A significant number of these
d reveal i hemical profiles that are
not istic, creating sies. Some of the characteristic lung

adenocarcinoma markers such as TTF-1, B72.3, MOC-31 and carcino-embryonic (CEA)
antigen may be expressed weakly and/or focally. Furthermore, some of these
adenocarcinomas (as well as other adenocarcinomas originating in other sites) express
mesothelioma-markers such as calretinin, cytokeratins 5/6 and WT-1 making the

There are certain ultrastructural features that are particularly useful in the differential
diagnosis of sarcomas vs. look-alikes. In the differential diagnosis of sarcomas from
poorly diff careful of cell junctions may be of
importance. In sarcomas, tight junctions and rudimentary cell junctions can be scen;
however, true desmosomes are only found in synovial sarcomas and epithelioid sarcoma.
True lumens are also absent in the great majority of sarcomas with the exception of
biphasic synovial sarcomas where tonofilaments can also be scen. Tonofilaments are not
present in any other sarcomas. On the other hand, thesc cpithelial characteristics (i.c. true
desmosomes and rudimentary but well defined lumens lined by microvilli and with apical
tight junctions) in a poorly differentiated spindle cell neoplasm may be all that is needed
to make a definitive diagnosis of synovial sarcoma. Specific electron microscopic
features of certain types of sarcomas can also be helpful in arriving to a definitive
diagnosis. Among these are myofilaments with spindle densities or dense bodies as
evidence of smooth muscle differentiation, thin and thick filaments, Z lines (dises or band

material), myosin-ribosome and/or structures o
establish a diagnosis of rhabdomyosarcoma, abundant rough endoplasmic reticulum and
for differenti igitating cell processes, pseudo-

mesaxons, external basal lamina and pinocytotic activity as features of schwannian
lineage, glycogen “lakes” in Ewings sarcoma and Weibel-Palade bodies, pinocytotic
vesicles and basal lamina for endothelial differentiation, just to mention a few of the
important ultrastructural criteria that are routinely employed for diagnostic purposes. It is
important to emphasize that the overall evaluation of cellular details in the neoplastic
cellular elements, rather than individual findings, is the best way to approach the
diagnosis from an ultrastructural point of view. Not only what is seen in the neoplastic
cells, but also what is absent can be of importance when making a diagnosis.

The comprehensive diagnostic approach with use of several diagnostic techniques as
soon as the workup of the case begins, often provides a solid unequivocal diagnosis in the
shortest period of time. Even though this is perceived by some as a more expensive
approach and; therefore, less desirable, the savings to the health care industry in general
that result from a prompt and correct diagnosis usually more than justify the additional
expense incurred in the pathologic work up of a given case. This approach is also by far
the safest in terms of obtaining the correct diagnosis.

Abutaily, AS, Addis, BJ, Roche, WR: i istry in the disti between
malignant and pulmonary ad a critical fon of new
antibodies. J Clin Pathol 2002; 55:662-668.

Cin, PD, Rao, U, Sani-Sait, S et al: Chromosomes in the diagnosis of soft tissue tumors.
1. Synovial sarcoma. Mod Pathol 1992; 5:357-362.

Dardick, I, Herrera, GA: Diagnostic electron microscopy of neoplasms. Hum Pathol
1998; 29: 12335-1338.

Dickersin, GR: The electron microscopic spectrum of nerve sheath tumors. Ultrastruct
Pathol 1987: 11:103-146.

Dickman, DS, Triche, TJ. Extraosseous Ewing’s sarcoma versus primitive
rhabdomyosarcoma: diagnostic criteria and clinical correlation. Hum Pathol 1986;
17:881-893.

interpretation of i i ical profiles confusing and at times i ible to
decipher. Mucin is most commonly seen in adenocarcinomas but can be found in
mesotheliomas. These situations have medico legal ramifications, as cases in which a
diagnosis of mesothelioma is considered may end up in litigation. Electron microscopy
plays an important role in ing the above ioned differential di and, in
the hands of experienced electron mi ists, is consi the preferred ancillary
diagnostic tool to establish an unequivocal diagnosis. The long (tall)-ratio of height to
width greater than 10-15-, sinuous, bushy and complex microvilli in mesotheliomas
surrounding glandular spaces differ dramatically from the short, non-branching and blunt
microvilli typical of adenocarcinomas in general. Epithelial mesotheliomas often have
tonofilaments in the cytoplasm-often perinuclear- of the neoplastic cells and long, well
further the diagnosis. The differentiating features
may be focal and a careful and sometimes extensive evaluation is needed to establish a
definitive diagnosis in some cases. Morphological parameters provide clear and
irrefutable evidence that can be of great value in defending (confirming) the diagnosis.
Pleomorphic sarcomas may also be a source of diagnostic confusion with poorly
diff (see below) and In this situation a
panel of immunohistochemical stains may be quite helpful in narrowing the differential
diagnoses or solidifying a final diagnosis. Electron microscopy can then be reserved for
those cases in which confusion still exists after the panel of initial immunohistochemical
stains is reviewed. Distinguishing some sarcomas from melanoma can be quite difficult
by light microscopy. Both are composed of poorly cohesive cells sometimes with
abundant cosinophilic cytoplasm. This differential diagnosis arises predominantly in
those melanomas lacking identifiable melanin by light microscopy. In this particular
situation, markers for can be used to make a definitive
diagnosis. Melan A and HMB-45 expression can be definitive in making an unequivocal
diagnosis. There are cases where ullraslruuluclural evaluauon may be needed to solidify
the diagnosis o to resolve di or unc findings. It should
be remembered that benign and malignant peripheral nerve sheath tumors can have
melanosomes and express melanocytic markers, and in this situation the presence of a
well defined basal lamina surrounding neoplastic cells can be definitive in supporting
schwannian differentiation. Of course, LlCdr cell sarcomas, (dCLp N,d[t.d melanomas)

arising in soft tissues can not be d from of
what ancillary diagnostic techniques are employed, as they essentially represent the same
entity (i ) and their i are the same, as

expected.

Another potential unique use of electron microscopy is in the evaluation of fine needle
aspirates from soft tissue lesions. In this situation, neoplastic cells are usually scanty and
pattern ion is absent. i in fine needle aspirates may be
difficult to interpret, especially if specimens are bloody and/or the number of neoplastic
cells available for evaluation is small. Electron microscopy can provide accurate
determination of cell type by identifying specific morphological markers, even when only
a handful of cells are available in the sample. Ultrastructural evaluation can also be very

important in the ion of small blue cell i m soft tissues,
bdominal iastinal or el cal locations, as the di dia s of these
soft tissue lesions include carci sarcomas or Routine of

Erlandson, RA: Peripheral nerve shealh tumors. Ultrastruct Pathol 1985; 113-122.

Erlandson, RA: The ion between r and other
undifferentiated sarcomas. Ultrastruct Pathol 1987; 11:83-101.
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electron microscopy in the identification of myogenic differentiation in soft tissue
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BULLETS:

fine needle aspirates from soft tissue neoplasms may be extremely important and decisive
in establishing a definitive diagnosis which will have an immediate impact on patients’
management and treatment.
However, in many, if not all situations, it is highly recommended that a combined
diagnostic approach using i istry and electron mi be used,
taking advantage of the additive power of both ancillary diagnostic techniques.
A factor to be considered is the availability of some of the ancillary diagnostic
techniques. In some practices immunohistochemistry is the only readily available
diagnostic tool and it is reasonable that in such situations an initial
immunohistochemistry work-up be requested to approach the differential diagnos
However, most sarcomas do not have immunohistochemically distinctive or specific
phenotypes. The risk is that since the immunohistochemical findings are generally not
diagnostic of specific entities but rather consistent with a diagnosis considering the
particular differential diagnosis that is bemg addressed and lhe clinical setting. This may
resultin the wrong diagnosis when a given I profile is consi to
fit the favored light microscopic diagnosis. One situation that is particularly vulnerable to
mistakes, is when the correct diagnosis is not even suspected on the basis of the light
microscopic evaluation, as the requested immunohistochemical panel may not include
markers that if expressed may suggest the unexpected diagnosis. Electron microscopy,
not only serves to rule out specific entities but the findings may be suggestive or
diagnostic of an entity not previously considered in the differential diagnosis.
Cytogenetics may play an important role in that certain sarcomas display specific
chromosomal aberrations. Good examples are synovial sarcoma which characteristically
shows a typical reci location involving ct X and 18. (X;18)
(p11.2;q11.2), Ewings sarcoma (EWS-Flil), clear cell sarcoma (eWS-ATF1) and myxoid
liposarcoma (FUS-CHOP), among other sarcomas. But there are many others, as
reviewed by Miettinen in the reference given below. This topic will be addressed in
details by another speaker.
Sending a difficult case to a regional electron microscopy laboratory should be always a
serious consideration when difficulties in making a definitive diagnosis arise in poorly
dif i tumors. For ion to be of most value, proper tissue
fixation is very important. Even though tissue obtained form paraffin blocks may retain
enough differentiating ultrastructural features that is often not the case. It is quite
inappropriate and risky to address difficult differential diagnoses with electron
microscopy without adequate tissue preservation that allows proper evaluation of fine
ultrastructural details. Tissue fixation in formalin, provided that the tissue is cut in small
picces which assures penetration of the fixative is quite adequate for electron microscopy.
It is imperative that areas with necrosis be avoided. Sampling of several areas of a
sarcoma is as the and dif iation of the neoplasm may
vary form one area to another. If the specimen available for ultrastructural evaluation is
from only a particular arca of the tumor, precise classification may be compromised.
Data obtained from molecular diagnostics is often devoid of morphological parameters
(with the exception of FISH) and although quite useful at times, caution should be
employed in lhe interpretation of this information. Careful correlation with

is a must and if a arises, there should be no
hesitation to proceed with additional work up to clarify the situation

Immunohistochemical profiles of most soft tissue sarcomas are non-specific

Electron microscopy not only addresses the differential diagnosis in question but may
provide crucial information that suggests or is diagnostic of a totally unexpected entity
Electron mi has a si; d over i istochemistry in fine
needle aspirate specimens from soft tissue masses

Proper fixation is imperative for ion to be able to be most helpful

A combined diagnostic approach usmg more than one ancillary diagnostic technique (i.e.
electron mi and istry) is highly especially in
difficult cases




RECOGNIZING HIDDEN PHENOTYPES IN SARCOMAS
THROUGH THE ELECTRON MICROSCOPE

Marco Santucci, M.D. and Alessandro Franchi, M.D.
Department of Human Pathology and Oncology

University of Florence Medical School, Florence, Italy

The I 1 electron was in Germany during the 30s.
In diagnostic pathology, the era of electron microscopy occurred between the 60s and the
80s in Western Europe and the United States. Its major role was, and still is, the

of il details, not it i by light microscopy, that may indicate,
especially in tumors, a line of differentiation, and a cytological classification, that could not
otherwise be appreciated. In this light, electron microscopy was hoped to be
histogenetically enlightening and diagnostically useful.

Nowadays, many limiting factors affecting electron microscopy have been resolved.
Preparation time has been minimized and embedding, sectioning and scrutiny of grids can
be performed in less than 24 hours, resulting in little or no delay in furnlshlng additional,

essential ir ion that can clarify tt ic or prog i icati for
the patient. The absolute need of using special fixatives is no longer mandatory and tissue
fragments properly fixed in buffered formaldehyde are perfectly suitable for diagnostic
studies. Finally, the problem of sample error, because of cellular heterogeneity of tumors,
has been documented to be not relevant. In an established electron microscopy unit, the

expense of ining a case is to that for other p and, therefore, for
soft tissue sarcomas, a sample should always be collected in glutaraldehyde, and all
cases in which electron microscopy is indicated should be evaluated by laboratories with
appropriately experienced personnel.

A major and ongoing role of electron microscopy is as an educational tool in
correlating the submicroscopic profile of the cells with their conventional morphology or

immunohistochemical properties. In the teaching of pathology, the electron microscope is

part sarcoma, some examples of extraskeletal myxoid chondrosarcomas, and sclerosing
epithelioid fibrosarcoma. Occasionally, synovial sarcoma and leiomyosarcoma can have
an epithelioid morphology. For the majority of these, immunohistochemistry is the most
useful additional technique. The differential diagnosis include lymphomas and leukaemic
deposits, cases of carcinoma, mesothelioma, and melanoma involving soft tissue. Electron
microscopy is often helpful in this distinction and in identifying the source of a metastatic

carcinoma.

Small Round Cell Soft Tissue
Small round cell soft tissue tumors occur more frequently but not exclusively in

childhood and include several entities (Ewing's sarcomaPNET, desmoplastic small round

cell tumor, , poorly di i synovial sarcoma,
mesenchymal chondrosarcoma, small cell osteosarcoma, small cell MPNST). Lymphomas
and leukaemic deposits, and small cell/neuroendocrine carcinoma have to be included in
the differential diagnosis because these tumors can have similar histomorphology; they
are easily distinguishable by immunohi istry, and

techniques. Electron microscopy is not always required for diagnosis of small round cell
tumors, but can be extremely contributory when markers are inconclusive, or when there is
immunophenotypic overlap and/or a genetic service is unavailable [11].

Anaplastic/Pleomorphic Sarcomas
Many types of soft tissue (includi of myogenic )

fibrosarcoma, myofibrosarcoma, and MPNST) are characterized by a highly

heterogeneous cytology and prominent cellular ism with almost
architectural and cytological features. The distinction between pleomorphic sarcomas and

pleomorphic non-mesenchymal tumors, i.e. lymphoma, melanoma, carcinoma, may also

be quite difficult. Relying solely on immunohistochemistry, cytogenetics and molecular
techniques may be misleading or play a limited role in the diagnosis of pleomorphic
sarcomas. In this group of lesions, electron microscopy can be either enlightening or
frustrating, the latter when neoplastic cells are indeed cytologically undifferentiated,
showing no key to the identification of their origin or line of differentiation.

In particular, in the group of i analysis allows

the identification of tumors with myofibroblastic phenotype, a category which is not

still an invaluable and irreplaceable tool, that can enhance the pathologist's diagnostic
skills in the traditional light microscopic routine.

The goal of this lecture is to set electron microscopy in a sensible diagnostic context

concerning the i i and poorly di i . The i 1 of
the line of differentiation in soft tissue sarcomas is not only crucial in order to ensure
proper classification, but also to provide prognostic information [1] and, in relation with the
continuous development of new drugs, to assign patients to specific treatment groups. In
addition, the correct classification of poorly differentiated soft tissue neoplasm is an
essential prerequisite for the analysis of the results of new treatment study protocols.

L studies of i i i have

proved of considerable value [2-4]. Neoplasms that are equivocal at the light microscopic
level may exhibit sufficient submicroscopic morphologic features to allow an accurate
identification and classification. Despite the use of electron microcopy has declined—due
to the relative easiness of use and interpretation of immunohistochemistry—it still retains a
significant role because few antibodies are completely specific and sensitive, some

show divergent dif liation or are p and others have no
specific immunohistochemical markers.

Several studies have attempted to assess the relative contributions of electron
microscopy and immunohistochemistry in the diagnosis of soft tissue tumors [2,4-6]. In
general, immunohistochemistry can be more useful for smooth muscle neoplasms,
epithelioid tumors, and the majority of small round cell neoplasms, while electron
microscopy is most useful in cases of mallgnam penpheral nerve sheath tumor (MPNST),
marker-negative synovial sarcoma, T and

pleomorphic soft tissue I Not a ination of the two

techniques results in a higher rate of specific diagnosis than either alone.

Diagnostically difficult sarcomas tend to fall into several groups on the basis of their
light microscopic features. These groups are: (i) spindle cell sarcomas, made up of

fusiform, looking cells; (ii) with epi i made up
of large round/polygonal cells with uniform, poorly differentiated cytological features; (iii)

small round cell soft tissue tumors, composed of undifferentiated-appearing small cells

2
based on t ical and I ical profile, due to the overlap of
their immur with that of lei oma and of undif i pleomorphic
i fibrous histi [4,6]. In addition, electron
microscopy may allow the ition of fi i iation in so-called

undifferentiated pleomorphic sarcoma [12-14], a category encompassing lesions
expressing vimentin as the only immunohistochemical marker, and may help in the
diagnosis of pleomorphic liposarcoma, when convincing evidence of lipoblastic
differentiation cannot be demonstrated at the histological level [3,15].

In ion, electron mic still maintains a signif role in surgical

pathology of soft tissue neoplasms, even though possibly more focused than in the past.
Immunohistochemistry does not allow the identification of every tumor and some
diagnostic problems can go unsolved. In many such cases, electron microscopy can
furnish the answer, especially in the areas discussed above.
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with scanty amounts of ; and (iv) i phic )
of highly heterogeneous neoplastic cells.

Spindle Cell Sarcomas
While typical cases of sarcoma with spindle cell morpho\ogy can easily be
diagnosed by conventional light and istry, many tumors lack

the typical markers or show profiles overlapping with those of other sarcomas. The
electron microscopic study of spindle cell sarcomas is quite often of great diagnostic value
and can permit distinction among the members of this group of neoplasms which include
both such as ic, smooth muscle and nerve sheath

tumors, and tumors of epithelial origin, such as myoepithelioma and spindle cell

. Relevant submi features in the differential diagnosis
are surface specializations, cytoplasmic filaments, cell processes, and the presence of
typical intracellular organelles.

In particular, the ultrastructural analysis allows the recognition of myofibroblastic
differentiation in spindle cell (myofibra ), when cells show the

presence of abundant, often dilated RER cysternae and bundles of actin filaments with
focal densities in the peripheral cytoplasm [4,7-8]. Fibronexus junctions may complete the
picture, but they are not considered a required features to define the myofibroblastic
phenotype in neoplastic cells.

Another diagnosis in which electron microscopy may furnish a relevant support is
that of MPNST. MPNST has no reliable immunohistochemical marker and no specific
genetic alteration, and therefore electron microscopy is often useful in the distinction of
poorly differentiated lesions, arising in patients not affected by Von Recklinghausen
syndrome, from other spindle cell sarcomas, like synovial sarcoma and adult type
fibrosarcoma. Ultrastructural features to be searched for are the presence of elongated

3 of external lamina and pynocytotic
vesicles [9-10].

“Epithels s

tly display an epithelioi include
epithelioid sarcoma, malignant rhabdoid tumor, epithelioid endothelial tumors, alveolar soft
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PLEOMORPHIC SARCOMAS

The subclassification of pleomorphic sarcomas which, following at least initial
morphologic and immunohistochemical evaluation, appear to be undifferentiated is often
frustrating and unrewarding. Among this group of sarcomas, evidence of a specific line
of differentiation may be quite focal either by light microscopy (e.g. lipoblasts or osteoid)
or, especially so, by electron microscopy. Thus, in this context, if immunostains fail to
provide good evidence of a specific line of differentiation, electron microscopy is only
rarely of help. Furthermore, this group of soft tissue sarcomas, with the sole exception
of dedifferentiated liposarcoma (which retains the ring and giant marker chromosomes
derived from the long arm of chromosome 12, as seen in well-differentiated
liposarcoma), have non-specific complex karyotypes with no reproducible or
diagnostically helpful aberrations. Similarly, these tumors generally lack any evidence
of specific translocations that might be identified using FISH or RT-PCR. Importantly,
however, as many as 95% of pleomorphic sarcomas can be subclassified using
conventional immunostains, supplemented by EM where appropriate and it is nowadays
recognized that such subclassification has clinical and prognostic relevance, since
tumors showing any type of myogenic differentiation are associated with a much more
aggressive clinical course. Thus, itis not good practice (and not good for patient care)
to simply rename lesions formerly known as so-called ‘MFH’ as undifferentiated
pleomorphic sarcoma, without first making reasonable efforts to subclassify the lesion
by conventional means. The subset of pleomorphic sarcomas which do truly remain
unclassifiable or undifferentiated generally seem to have an intermediate prognosis
(with a 5-year metastatic rate in the range of 50%) and, when clinically indicated, these
lesions, as with spindle cell sarcomas, are most often treated with one of the ‘broad
spectrum’ adult-type sarcoma chemotherapeutic regimens.

SARCOMAS WITH EPITHELIOID MORPHOLOGY

Most well-defined forms of sarcoma with epithelioid morphology (principally
epithelioid sarcoma, epithelioid angiosarcoma, epithelioid GIST, epithelioid MPNST,
etc.) can readily be recognized and reproducibly diagnosed based on clinical context,
morphology and immunostains. However, at least in my experience, there exists a

significant subset of poorly di i ithelioid malignant r pi ing in

soft tissue with no apparent evidence of a primary neoplasm elsewhere, in which the

differential diagnosis lies between an undifferentiated sarcoma with epithelioid

morphology, metastatic carcinoma or i Very f
immunostains fail to reveal any evidence of epithelial or melanocytic differentiation and,
in the setting of clinical evidence that the soft tissue mass is the primary lesion, then
there is little option but to regard these as some type of undifferentiated sarcoma.
Tumors in this general category have not been well documented or extensively
described in either the pathologic or clinical literature and there are virtually no data as
to the behavior and treatment response of such neoplasms. In general, it seems that

these lesions can only be labelled as sarcoma as a diagnosis of exclusion, since there

are no markers which ifi recognize differentiation. Having said
that, if all epithelial markers are negative and there is readily identified CD34 positivity,

then this generally would argue quite strongly against a diagnosis of carcinoma. When
dealing with tumors in this category, at the present time, it seems that pathologists can
do little more than to exclude the possibility of a metastatic epithelial/melanocytic
neoplasm (or perhaps anaplastic large cell ymphoma), but further attempts to identify a
specific line of differentiation thereafter are almost always fruitless. Lesions of this type
warrant further more detailed pathologic study, particularly since this may assist in

better definition of the optimal therapeutic approach to such enigmatic neoplasms.

CONCLUSION

In general terms, careful sampling combined with immunohistochemistry and
molecular genetic testing, where appropriate, allows meaningful classification of many
of the lesions initially thought to be undifferentiated. In my personal experience, it
seems that the role of electron microscopy is becoming increasingly limited, although in
part this also reflects diminished availability of this element of technical infrastructure.

In general, subclassification of undifferentiated round cell sarcomas, where possible,

has the greatest clinical impact and the st ification of ur

spindle cell sarcomas, if feasible, is also sometimes useful. At this point in time, so long

as reasonable efforts are made to subclassify any pleomorphic or epithelioid
malignancy arising in soft tissue by conventional light microscopic means, then further
attempts to subclassify the subset of these lesions which appear to be truly

undifferentiated are, unfortunately, often unhelpful and the clinically beneficial yield is

low.
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High density microarrays are used to measure in a comprehensive manner on a large
scale (“profile”) gene expression patterns (when tumor RNA is tested) or gene copy number
changes (when tumor genomic DNA is tested). Microarray-based studies are increasingly
useful in addressing a wide variety of questions in sarcoma biology. During this talk, a brief
description of the microarray methodology and data analysis will be provided, followed by few
examples of the recent applications of gene expression in the diagnosis, classification and
treatment of sarcomas.

I. DNA Microarray Technology

Expression profile refers to the process of measuring the expression of thousands of
individual genes simultaneously in a given tissue sample. The basic principle is hybridization-
based.

Microarrays: a collection of spots on a solid surface (often a glass slide) arranged in neat
rows and columns, so that the origin of each spot is known. Depending on the type, the spots
can contain DNA sequences (as in gene microarrays), tissue fragments (tissue microarrays)

protein (protein microarrays), etc.

Types of high-density microarrays:
a) cDNA spotted arrays. Libraries of cDNA clones (20,000-40,000 most commonly expressed
genes) are robotically arrayed on standard 1x3 glass microscope slides and usually

produced by the investigator or by a core facility. This method requires competitive

discriminate tumors from normals? Are there correlations between expression profiles and
other molecular or pathological properties of the tumor? Are there correlations between
expression profiles and clinical outcome and response to therapy? With what degree of
certitude these results are not due to chance alone? Are there subsets within tumors of the
same apparent class? Are these pathways relevant to the tumor phenotype or as potential
targets for therapy?” These important questions and the need to develop the mathematical
tools to address them have attracted the attention of computer scientists, engineer, and

Numerous cc ional approaches have been developed.

Microarray analysis whether supervised or unsupervised ultimately generates lists of genes
that discriminates among samples. Making sense of these gene lists presents a significant
challenge. Gene names can be misleading and the majority of genes are linked to little or no
functional information. Most of the interpretations that arise from exploring microarray data
should be considered hypotheses, rather than conclusions. Additional forms of
experimentation is most likely necessary to establish a conclusive connection between a
gene and the tumor in which is expressed.

Validation the microarray data: How reliable is the data? Tissue microarrays for in situ
mRNA hybridization or immunohistochemistry provide the possibility of confirmatory studies

on large number of samples.

. lications of the DNA microarray to cancer di is and prognosis

Cancer is a disease of disturbed genome function. Irrespective of whether this is the
result of a point mutation, deletion, translocation, gene amplification, or methylation, the
malignant phenotype is mediated by a characteristic pattern of gene expression. Identifying
these genes whose expression differs between normal tissues and tumors and among tumor
types is the focus of today’s research. Investigators in the field initially performed studies in
which tumors of different morphology or different primary sites were shown to have clearly
distinguishable patterns of gene expression. This type of diagnostic classification by analysis
of expression profile is called “class prediction”. These proof-of-principle studies served to

validate cDNA microarray technology and the researchers then shifted their focus to

hybridization to a mixture of reference and test mRNA, each labeled with a distinct

fluorochrome (red-tumor and green-reference).

b) Affymetrix (Santa Clara, CA) oligor i I . Affy ix uses similar
equipment to that used for making silicon chips for computers, allowing mass production of
chips at reasonable costs. Affymetrix uses masks to control synthesis of oligonucleotides on
the surface of the chip. Light is directed through a mask to deprotect and activate selected

sites, and n i couple to the acti d sites. The process is repeated,
activating different sets of sites and coupling different several hundred thousand squares
(cells) each containing many copies of one oligonucleotide. So the result is several hundred
thousand different oligos, each of them in millions of copies. It is not used for gene discovery
because this approach requires knowledge of the sequence in order to choose probes for a
given gene or EST. 25 base oligos are synthesized in situ, by light directed oligonucleotide
synthesis. Each gene represented by at least 20 oligos distributed along the 5’ to 3’ length of
the gene. Each is paired with a single base mismatch oligo. The arrays are constructed on
rigid material (glass) they can be inverted and mounted in a temperature-controlled
hybridization chamber. It is based on an important observation that single stranded DNA
binds strongly to nitrocellulose membranes in a way that does not re-associate with each
other but permits hybridization with cRNA. A fluorescently tagged nucleic acid sample
injected into the chamber hybridizes to complementary oligonucleotides on the array. Laser
excitation enters through the back of the glass support, fluorescence emission is collected by
alens and passes through a series of optical fibers to a sensitive detector. By scanning the
laser beam (translating the array) a quantitative two-dimensional fluorescence image of
hybridization intensity is quickly obtained.

Probe redundancy: the use of multiple oligonucleotides of different sequence designed to
hybridize to different regions of the same RNA. The use of multiple independent detectors for
the same molecule greatly improves signal-to-noise ratios, improves the accuracy of RNA
quantitation, drastically reduces the rate of false positives and miscalls. An additional level of
redundancy comes from the use of mismatch (MM) control probes that are identical with
perfect match (PM) probes except for a single base difference in a central position. The MM

probes act as specificity controls that allow the direct subtraction of both background and

identification of molecularly defined tumor entities that were inapparent by conventional
pathologic analysis (“class discovery”). New unsuspected biological subsets were detected
among cutaneous melanomas, breast carcinomas, and pediatric acute lymphoblastic

leukemias. In other cases, there has been “class rediscovery” or “class confirmation”.

Variability in the results, more notable in prognostic studies than in class prediction,
have already appeared in the literature and is most likely related to inter-laboratory and inter-
platform reproducibility. For example, two large breast cancer expression profiling studies
differed considerably in the results of unsupervised clustering: one identified 3 major subsets
(ER-positive luminal cell type, basal cell type, and ERBB2-amplified type), while the other
detected only 2 major subgroups according to ER status and lymphocytic infiltration.
Moreover, in the latter study, well-established clinical markers, such as ERBB2 and ER were

not found within a list of 70 genes linked to outcome.

1V. Molecular Profiling in the Diagnosis and Treatment of High Grade Sarcomas

Studies involving gene expression technology have been mainly applied as a source of
diagnostic markers for sarcoma diagnosis and to their role in clarifying sarcoma
classification. A general observation of microarray-based expression profiling studies of
sarcomas is that translocation-associated sarcomas are robustly clustered by expression
profiling using cDNA microarrays, whereas so-called complex karyotype sarcomas tend to be
less tightly clustered. Thus, complex karyotype sarcomas that often show different gains and
losses from case to case are also likely to show more variability in gene expression patterns,
leading to less robust unsupervised clustering of the expression profiles. Indeed, this tumor
group may be better studied by profiling of gene copy number changes using array-based
CGH.

Our study on 51 soft tissue sarcoma specimens using hierarchical cluster analysis
demonstrated distinct clusters for GIST, synovial sarcoma, clear cell sarcoma and round cell
liposarcoma. Several fibrosarcoma tumors fall in close proximity to synovial sarcoma.
Pleomorphic sarcomas exhibited overall poor correlation and consistency by boot strap

cross-hybridization signals, and allow discrimination between “real” signals and those due to
non-specific and semi-specific hybridization (hybridization of the intended RNA molecules
produces more signal on PM probes than for MM probes, resulting in consistent patterns that
are highly unlikely to occur by chance: the pattern recognition rules are codified in the

analysis software).

c) array-based comparative genomic hybridization (array-CGH): uses microarrays with
genomic DNA sequences and used to interrogate tumor DNA samples in order to provide
information regarding gene copy number (amplification and deletions).

II. Data Analysis

Data from a single 22,000-gene Affymetrix GeneCHip occupies 100 MB of storage and
require significant manipulation before interpretation. Normalization of all values to a mean of
500 is commonly used. Data cleanup is an important first step to reduce the noise, increase
sensitivity, and manage artifacts of data set transformation. Filtering and statistical analyses
constraints are applied to exclude those genes that did not vary significantly between
comparison groups or that are not expressed at high enough levels. Data from a series of
tumor samples with expression levels for thousands of genes can present a challenge for

analysis. A method for data storage and retrieval in a database is essential.

Hierarchical Clustering or Cluster Analysis: uses standard statistical algorithms to
arrange genes according to similarity in pattern of gene expression. The output is displayed
graphically, conveying the clustering and the underlying expression data simultaneously.
Relationship among genes is represented by a tree whose branch lengths reflects the degree
of similarity between genes (dendrogram). This method recognizes groups of genes that are
co-expressed, providing a new insight of their possible function. It also identifies samples
whose gene expression patterns correlate. The basic idea is joining together points into
clusters.

Appropriate selection of analysis tools will depend on the questions to be addressed. Certain
key questions predominate cancer-related microarray research: “Can two types of cancer be

discriminated? What genes discriminate them more clearly? Are there genes that

analysis. However, within this group certain prominent clusters were observed for both

malignant fibrous histi (MFH) and leioi ‘coma.

One example of “class confirmation” study in sarcomas includes the comparison of
GIST versus leiomyosarcoma. Previous RNA expression profiling studies of different soft
tissue sarcomas indicated that GIST expression profiles were distinct and quite
homogeneous in part due to the unique derivation of GIST from ICC. GISTs are
characterized by a distinctive transcriptional signature, as a result of overexpression of KIT,
PRKC6, DOG1, which can be applied in tumor diagnosis, even when compared with their
closest pathologic mimic, leiomyosarcomas. Likewise, several studies have used microarrays
to identify genes differentially expressed between PAX-FKHR fusion-positive alveolar and
PAX-FKHR fusion-negative embryonal rhabdomyosarcoma.

Molecular profiling was also applied to clarify the conflicting data on the
relationship of clear cell sarcoma (CCS) to cutaneous melanoma. While the two are

clearly genetically distinct, as CCS lack the BRAF mutations commonly seen in
melanomas, whereas melanomas do not contain the EWS-ATF1 fusion, by expression
analysis CCS share a melanocytic gene signature with melanomas.

In the study by Baird et al, the unsupervised hierarchical analysis on MFH cases
alone identified 2 distinct groups: one carrying a muscle profile (myosin X, sarcoglycan
B, tenascin C) and the second group revealed an immune regulatory gene profile
(HEM1, MX1, DAP10). Interestingly, the storiform-pleomorphic and the myxoid
subtypes equally populate both groups of tumors. However the distinction between
MFH with myogenic differentiation versus inflammatory characteristics might have
clinical relevance. Myogenic differentiation as reflected by IHC in MFH or pleomorphic
sarcoma, NOS, has previously shown to have an adverse clinical outcome.

New IHC markers emerging from microarray studies include DOG1 in GIST,
TLE1 in synovial sarcoma, AP2-f in alveolar rhabdomyosarcoma, and Apo D in
dermatofibrosarcoma protuberans (DFSP).



Still in incipient phases, microarrays studies have been used to predict outcome
or therapy response. Poor outcome Ewing sarcoma has been linked with alterations in
cell cycle regulatory genes. In a recent study, West at al suggested that expression
signatures of either fibromatosis or solitary fibrous tumor can be identified in the

stromal component of most breast carcinoma and can be correlated with clinical

outcome. The fi is signature is i with good outcome breast tumors,

while solitary fibrous tumor profile is found in poor clinical outcome.

Three different studies have been assessed the correlation of transcriptional
profile of pre-treatment osteosarcoma biopsy and response to chemotherapy.
Disappointingly, limited overlap has been noted among the results of these studies,
which can be explained as a consequence of different platforms or bioinformatics
approaches used, differences in patient population or chemotherapy regimens
applied, etc.

The ability of mining candidate genes for targeted therapies through microarray
analysis has been validated with the GIST i where the over KIT or

PDGFRA provided the biologic basis for imatinib mesylate therapy. Other examples
include dermatofibrosarcoma protuberans, where through an autocrine/paracrine
mechanism, the overexpressed PDGFB up-regulates its receptor, PDGFRB, therefore
providing another susceptible target to selective tyrosine kinase inhibition. However,
targeted therapy appears to be most successful in sarcomas with a distinct underlying
molecular biology, and has been failed in sarcomas with non-recurrent complex
karyotype. Since drugs target proteins rather than genes, protein level validation is
critical and can be performed on the tissue microarray by using IHC and ISH
techniques.

In summary, microarray studies applied so far in sarcomas support their classification
into genetically simple and genetically complex categories and have provided useful
diagnostic markers, as well as insight for novel and targeted therapeutic approaches.

However, there is a considerable vacuum between the practical world of hospital-based
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molecular diagnostic laboratories and some of the predictions prompted by high-throughput
genomics work. Hopeful statements, such as one made in 1999 that “doctors will be offering
gene expression profiles to some patients in the next 3 years”, failed to consider the many
issues in moving complex assays from research laboratories to clinical laboratories. Because

of the regulatory, billing, quality control, and test validation concerns, combined with limited

resources, i diagnostic ies are extremely selective in their test

menus. Furthermore, it is not clear yet that the present cost of microarray, large-scale

expression profiling for “class prediction” is more cost-effective than

pp! , i.e., hi ited in selected cases by IHC, cytogenetics, or
molecular assays.

In short term however the impact of tumor expression profiling is in the identification
of new diagnostic and prognostic markers, which can be studied individually by more
conventional techniques. The availability of TMA accelerates the validation of these new IHC
assays. The next step will require efforts in academic and commercial laboratories to
generate new antibodies for the products of differentially expressed genes without currently
available antibodies.
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