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Loss of INI1 expression defines a unique
subset of pediatric undifferentiated soft tissue
sarcomas
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Malignhant rhabdoid tumor has traditionally been defined by its histologic phenotype. However, genetic
investigations of malignant rhabdoid tumor have revealed a characteristic loss of or mutation in the INI/1 gene
on chromosome 22q. The occurrence and significance of soft tissue tumors meeting genetic criteria for
malignant rhabdoid tumor but with an undifferentiated non-rhabdoid histology is poorly characterized.
Seventeen undifferentiated sarcomas, lacking rhabdoid histology were identified either through the surgical
pathology files of The Children’s Hospital of Philadelphia (1980-2005) or in consultation. Inmunohistochem-
istry for the INI1 protein showed a loss of nuclear expression within tumor cells in five of these cases. On
histologic review, these five tumors had a featureless sheet-like architecture; four were small round blue cell
tumors, and one showed focal spindling. Although they had variably prominent nucleoli, classic rhabdoid
morphologic features were not identified in any of these cases at primary presentation. Additional
immunohistochemistry showed a polyphenotypic profile. Four of the five tumors showed genetic abnormalities
involving the INI1 gene by a combination of fluorescent in situ hybridization, reverse transcription-polymerase
chain reaction, and/or mutational analysis. Patient ages ranged from 1 week to 5 years. Four patients were male,
and one was female. Sites included two neck tumors, two extremity tumors, and one paraspinal tumor. Two
patients are alive and well over 15 years from the time of diagnosis; the remaining four are alive and well but
with less than 2 years follow-up. Thus, alterations of the IN/1 gene with consequent loss of expression identified
a population of undifferentiated sarcomas lacking classic rhabdoid morphology in young patients, with
evidence of favorable survival. Whether these undifferentiated sarcomas represent a clinicopathologic entity
distinct from classic malighant rhabdoid tumor requires further investigation.
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locations, particularly soft tissues, and the central
nervous system, where it is more commonly referred
to as atypical teratoid/rhabdoid tumor.? It is a
predominantly pediatric neoplasm, with most tu-
mors occurring in infants and young children.
Malignant rhabdoid tumors are aggressive neo-

Malignant rhabdoid tumor is a rare neoplasm
originally described in the kidney," but subse-
quently identified in a large number of extrarenal

Correspondence: Dr BR Pawel, MD, Department of Pathology and

Laboratory Medicine, The Children’s Hospital of Philadelphia
and University of Pennsylvania School of Medicine, 324 S. 34th
Street, Philadelphia, PA 19104, USA.

E-mail: pawelb@email.chop.edu

Received 13 May 2008; revised 6 October 2008; accepted 7
October 2008; published online 7 November 2008

plasms that demonstrate a poor response to treat-
ment and are typically rapidly fatal.?

These tumors have traditionally been defined by
their characteristic light microscopic appearance.
Malignant rhabdoid tumors tend to grow in sheets,
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but may also show a trabecular, alveolar, or
discohesive pattern. The classic rhabdoid tumor
cell appears large with an eccentrically placed
nucleus with vesicular chromatin and a prominent
eosinophilic nucleolus. These cells characteristi-
cally have abundant eosinophilic cytoplasm with a
globular pink cytoplasmic inclusion, which corre-
sponds to whorled intermediate filaments as seen by
electron microscopy.* Molecular genetic investiga-
tions of malignant rhabdoid tumors have identified
a characteristic loss or mutation of the INI1
(also known as SNF5, SMARCB1, BAF47) gene in
chromosome band 22q11.2.°° INI1 is part of the
SWI/SNF chromatin remodeling complex, which
acts as both a transcriptional repressor and activator
and is constitutively expressed in all cells. Germline
mutations or deletions of INI1 predispose patients to
the development of rhabdoid tumors, and homo-
zygous inactivation of INI7 in human tumors
support its role as a tumor suppressor gene.’
Deletion and/or mutation of both copies of the
INI1 gene results in loss of INI1 expression at the
protein level, which can be detected using immuno-
histochemistry with an anti-INI1 antibody.”® INI1
immunohistochemistry has been demonstrated to be
sensitive and specific for the diagnosis of malignant
rhabdoid tumor, and INI1 protein loss appears to be
quite rare in other tumors.”®

Occasional malignant tumors encountered in soft
tissue lack any identifiable clues as to histogenesis
and even after extensive investigations are best
classified as ‘undifferentiated.” Whether such
undifferentiated neoplasms might demonstrate loss
of INI1 protein expression at the immunohisto-
chemical level and harbor underlying INI1 gene
abnormalities, despite absence of typical rhabdoid
histologic features is unknown. Thus, the aim of this
study was to identify and determine the significance
of tumors with INI1 protein loss but without
evidence of rhabdoid morphology by histologic
evaluation.

Materials and methods

This study was conducted with the approval of the
Institutional Review Board of The Children’s Hospi-
tal of Philadelphia. The surgical and consultation
pathology files of the hospital were searched for
cases arising in soft tissue diagnosed as undiffer-
entiated sarcoma between 1980 and 2005. Routine
hematoxylin-eosin-stained sections from each case
were reviewed by two pathologists (BRP and PAK).
Cases were selected for further study if there was
adequate tissue for light microscopy and immuno-
histochemistry, a lack of histologic differentiation,
including a total absence of classic light microscopic
rhabdoid features in any area of the primary tumor,
and failure of immunohistochemical analysis, other
than BAF47/SNF5, to establish a specific histologic
diagnosis.
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For the selected cases, immunohistochemistry on
formalin-fixed, paraffin-embedded tissues was per-
formed for the INI1 protein using previously
published methods.? Briefly, the BAF47/SNF5
mouse monoclonal antibody (BD Transduction Labs,
San Diego, CA, USA) was utilized with a DAKO
autostainer®™ (Dako, Carpinteria, CA, USA). Follow-
ing heat-induced antigen retrieval in citrate buffer,
sections were incubated with the primary antibody
at 1:40 dilution for 30min at room temperature.
Detection utilized the DAKO Envision Plus HRP
secondary anti-mouse antibody and DAB, and the
slides were counterstained with hematoxylin. Addi-
tional immunohistochemistry was performed on the
selected cases with adequate controls for the
following: AE1/AE3 cytokeratins (Dako), epithelial
membrane antigen (EMA; Dako), CD99 (MIC2 clone;
DAKO), vimentin (Dako), smooth muscle actin
(SMA; Dako), muscle specific actin (MSA; Enzo,
New York, NY, USA), S100 protein (Dako), synapto-
physin (Boehringer Mannheim, Basel, Switzerland),
neuron specific enolase (NSE; Dako), CD34 (Biogenex,
San Ramon, CA, USA), and desmin (Dako). For
CD99, only strong linear perimembranous staining
was interpreted as positive. For smooth muscle
actin, staining was only considered positive if the
intensity was comparable to the internal blood
vessel controls.

Tumors which did not express INI1 by immuno-
histochemistry were also evaluated by fluorescence
in situ hybridization, reverse transcription-polymer-
ase chain reaction, and/or direct sequencing for
deletion or mutation of the INI1 gene using
previously published methods." Loss of expression
by reverse transcription-polymerase chain reaction
in the absence of a coding sequence mutation was
considered a positive result for gene inactivation.

Electron microscopy was performed in three of the
selected cases. Molecular analysis using reverse
transcription-polymerase chain reaction for known
sarcoma-associated fusion products had been per-
formed at the time of original diagnosis in two cases.
Clinical information was obtained by chart review.

Results

A total of 18 cases originally diagnosed as undiffer-
entiated sarcomas were identified through review of
departmental records. Histologic review for this
study demonstrated focal rhabdoid features in one
of these cases, which was excluded from further
study, leaving 17 cases. Of these, 13 had adequate
material for immunohistochemistry. INI1 was not
retained in five cases; the clinical features of these
cases are detailed in Table 1. There were two infants
and three young children, ranging in age from 1
week to 5 years, 1 month. Four patients were male,
and one was female. Primary tumor sites included:
neck (two cases), extremities (two cases), and spinal
epidural space (one case). Three patients had
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Table 1 Clinical information

Patient  Year of Age at Reported Location/size Stage at Treatment Relapse Duration of Status
diagnosis diagnosis diagnosis of primary  diagnosis follow-up  at last
tumor (location of follow-up
metastatic
disease)
1 2002 1 week Sarcoma, Epidural Unknown  Unknown Unknown 2 years Alive and
undifferentiated (T11-12), well
Size
unknown
2 1983 8 months Sarcoma, Left thigh IV (pelvis) Excisional N 21 years Alive and
undifferentiated (9cm) biopsy; well
chemotherapy
(IRS-III pilot
regimen 30)
3 1990 2 years Sarcoma, Right neck IV (lung) Excisional N 15 years Alive and
11 months undifferentiated (4cm) biopsy; well
(embryonal RMS)? Chemotherapy:
IRS-IV pilot
6881; XRT
4 2005 4 years High grade non- Right hand Biopsy, N 2 years Alive and
2 months rhabdomyomatous (3 cm) Chemotherapy; well
sarcoma with IRS-3 protocol,
immuno- followed by
histochemical partial
features suggestive amputation
of rhabdoid tumor
5 2004 5 years Malignant Right neck IV (marrow) Excisional Y (1 1 year 7 Alive and
1 month neoplasm of (size biopsy; recurrence, months well
uncertain unknown) Chemotherapy; local)
histogenesis XRT
(sarcoma vs
lymphoma)

RMS, rhabdomyosarcoma; XRT, radiation therapy.

“Embryonal RMS based on central review of pathology by Intergroup Rhabdomyosarcoma Study (IRS) pathology committee.

metastatic disease at diagnosis: one each in marrow,
pelvis, and lung. Despite extensive pathologic work
up including immunohistochemistry and in three
cases electron microscopy, a specific pathologic
diagnosis at time of presentation beyond that of
undifferentiated sarcoma could not be established.
In one case (case 3), the original diagnosis of
undifferentiated sarcoma had been revised to em-
bryonal rhabdomyosarcoma based on central re-
view; however, repeated immunohistochemistry
failed to reveal convincing positivity for either
desmin or muscle specific actin. With the exception
of case 1, where much of the treatment regimen is
unknown, all patients were treated by surgical
excision followed by chemotherapy. Patients 3 and
5 also received radiation therapy. Only one of the
five patients is known to have had a recurrence,
which was local, and all of the patients are alive and
free of disease with variable lengths of follow-up
ranging up to 21 years.

The histologic features of the tumors are outlined
in Table 2 and illustrated in Figures 1 and 2.
Although subtle differences were appreciated, all
had a predominantly solid growth pattern with the
tumor cells arrayed in patternless sheets, and with
variable cellular discohesion. In two cases there was
a perivascular growth pattern imparted by extensive
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tumoral necrosis. A nested to trabecular pattern was
apparent in regions of case 5, and extensive necrosis
was present in case 2. Four of the tumors (cases 2—5)
showed a small round blue cell tumor morphology
with the presence of minimal to moderate cyto-
plasm; one case (case 1) had slight focal spindling of
tumor cells. Two cases (cases 2 and 3) had unusually
prominent gaping blood vessels. None of the cases at
diagnosis had rhabdoid-type glassy cytoplasmic
inclusions, and none had associated nuclear inden-
tation, although it is interesting to note that at
definitive surgery following chemotherapy, one case
(case 4) displayed classic rhabdoid morphologic
features. All cases had numerous mitoses and
numerous apoptotic cells. Nuclear features were
varied; three cases had vesicular nuclei, and all had
variable numbers of moderately prominent nucleoli.
In fact, in case 1, the presence of vesicular nuclei
and moderately prominent nucleoli was sufficient to
raise the possibility of malignant rhabdoid tumor in
the differential diagnosis, however classic rhabdoid
pink globular cytoplasmic inclusions with asso-
ciated nuclear indentation were not apparent in
any microscopic fields.

Consistent with the inclusion criteria for this
study, all tumors showed complete loss of nuc-
lear INI1 expression by immunohistochemistry
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Table 2 Histologic features
Patient Architecture Cell shape  Gaping  Cytoplasm Cytoplasmic Nuclei Necrosis Mitoses
vessels inclusions
1 Sheets, Round to None Vacuolated, None Vesicular, Yes (focal) >20/10 HPF
ill-defined slightly ill-defined prominent
fascicles spindled nucleoli
2 Perivascular Round Yes Moderate, None Vesicular, Yes >20/10 HPF
sheets amphophilic 1-3 (abundant)
moderately
prominent
nucleoli
3 Discohesive Round Yes Minimal None Vesicular, Yes (focal) >20/10 HPF
sheets, focal moderately
alveolar pattern, prominent
focal myxoid nucleoli
areas
4 Perivascular Round None Minimal None Granular Yes (focal) >20/10 HPF
sheets, chromatin,
discohesive moderately
prominent
nucleoli
4 (amputation,  Discohesive Round None Moderate Many Moderately ~ Yes >20/10 HPF
post chemo- sheets prominent  (abundant)
therapy) nucleoli
5 Sheets, Round None Minimal to None Variable, Yes >20/10 HPF
ill-defined moderate, round to (abundant)
nests eosinophilic irregular,
rare
prominent
nucleoli

Figure 1 Low power photomicrographs demonstrating two patterns of growth seen in undifferentiated sarcomas lacking INI1 expression.
(a) Diffuse growth pattern with tumor cells arranged around gaping blood vessel, associated with peripheral necrosis. (b) A nested
pattern composed of trabeculae of small round tumor cells (H&E, original magnification x 100).

(see Figure 2), with retained expression within
vascular endothelia and infiltrating inflammatory
cells serving as internal positive controls. Addi-
tional immunohistochemistry (Table 3) showed a
polyphenotypic profile as follows: vimentin + [5/5],
cytokeratin + [5/5], EMA +[4/5], perimembranous
CD99 + [2/5], SMA + [3/5], MSA + [3/4], S100 + [2/5],
NSE +[2/4], CD34+([1/4], synaptophysin+ [0/4],
desmin + [0/4]. Globular, ‘thabdoid’ type inclusions

were not identified with either cytokeratin or
vimentin stains in any of the cases.

Electron microscopy was performed at the time of
original diagnosis in three of six cases (cases 2, 4,
and 5), and in all three cases ultrastructural
examination (Figure 3) demonstrated undifferen-
tiated tumor cells, with many of the cells having
prominent nucleoli, but with no evidence of
intracytoplasmic inclusions composed of whorled
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Figure 2 High power photomicrographs of undifferentiated sarcomas lacking INI1 expression, showing round to slightly spindled tumor
cells with ill-defined cytoplasm and variably prominent nucleoli, and representative INI1 immunohistochemical stain showing loss of
expression in tumor cells with retention of nuclear staining in endothelial cells and inflammatory cells. (Original magnification x 400.)

intermediate filaments. Most cells had relatively
little cytoplasm. Neuritic processes and dense core
granules were not seen, and basal lamina and
intercellular junctions were not identified.

Genetic studies (Table 4) revealed abnormalities of
the INI1 gene in four cases; one of the cases could
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not be evaluated due to insufficient material (case 2).
Specifically, two cases demonstrated homozygous
deletion of the INI1 gene by fluorescent in situ
hybridization (cases 3 and 4). Case 1 demonstrated a
classic mutation in exon 5 of the INI1 gene, whereas
reverse transcription-polymerase chain reaction
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Table 3 Immunohistochemical results
Case No. INI1 Vim AE1-AE3 EMA CD99* SMA MSA 5100 Syn NSE Des CD34
1 Nuclear loss + + + - - +(focal) - ND - - ND
2 Nuclear loss + + (focal) - — + (focal) + (focal) + (focal) - — —
3 Nuclear loss + + + (focal) + + + — — + — —
4 Nuclear loss + + + - + ND - - + (focal) - + (focal)
5 Nuclear loss + + + + — — + - ND ND —

Des, desmin; EMA, epithelial membrane antigen; MSA, muscle specific actin; NSE, neuron specific enolase; SMA, smooth muscle actin; Syn,

synaptophysin; Vim, vimentin.

+: positivity in 25% of cells or more; + (focal): positivity in less than 25% of cells; +/—: weak staining of uncertain specificity; ND: not done.

CD99*: Only perimembranous staining considered positive.

Figure 3 Representative electron photomicrograph of Case 4,
biopsy pretreatment: Tumor cells with large nuclei, prominent
nucleoli, and relatively little cytoplasm, with few organelles.
Aggregates of cytoplasmic filaments are not seen within the
cytoplasm, nor are there any distinguishing features to subclassify
this tumor ultrastructurally beyond an undifferentiated sarcoma.

analysis of case 5 showed low expression of the INI1
gene indicative of an INI1 gene abnormality. Fusion
analyses by reverse transcription-polymerase chain
reaction, performed in cases 4 and 5 were negative
for the fusion products of alveolar rhabdomyosarco-
ma, Ewing’s sarcoma, and synovial sarcoma; case 5
was additionally negative for the fusion product of
desmoplastic small round cell tumor.

Discussion

Soft tissue sarcomas constitute 7% of malignancies
in children 15 years and younger, with approxi-
mately 600 new cases diagnosed in the United States
every year."' The great majority of these can be
placed into well classified diagnostic groups, and
the recent advent of readily available molecular

Table 4 Results of FISH and molecular analyses of INI1

Case  Primary method Interpretation

No.

1 Sequence analysis Mutation in exon 5 of INI1 gene

2 Sequence analysis, Inadequate material for analysis

FISH

3 FISH Homozygous deletion of INI1
gene

4 FISH Homozygous deletion of INI1
gene

5 RT-PCR Low expression of INI1 gene

FISH, fluorescence in situ hybridization; RT-PCR, reverse transcrip-
tion-polymerase chain reaction.

testing as an adjunct to histologic analysis, immu-
nohistochemistry, and electron microscopy has
contributed to accurate and confident diagnosis in
an increasing percentage of cases. More than half of
pediatric soft tissue sarcomas are rhabdomyosarco-
mas or Ewing’s sarcoma/primitive neuroectodermal
tumor, and most other frankly malignant soft tissue
sarcomas fall into the categories of malignant
peripheral nerve sheath tumors, epithelioid sarco-
mas, fibrosarcomas, synovial sarcomas, and desmo-
plastic small round cell tumors. However, there
remain a small group of pediatric sarcomas, which
are unclassifiable and are referred to as undiffer-
entiated soft tissue sarcomas. As there is no well
established histologic or immunohistochemical pro-
file for undifferentiated soft tissue sarcomas, and the
diagnosis also rests upon the absence of any
reproducible molecular genetic aberration, the diag-
nosis of undifferentiated soft tissue sarcoma is never
one of certainty, and is considered generally to be a
diagnosis of exclusion. These are a rare group of
tumors, as attested by the fact that only 8% of
pediatric sarcomas in the IRS-III and IRS IV pilot
series were classified as undifferentiated soft tissue
sarcomas.'? Given continuing advances in immuno-
histochemistry and molecular testing, it is very
likely that the true incidence of these tumors is
actually lower.

Histologically, most cases of undifferentiated soft
tissue sarcoma are characterized by formless sheets
of packed round to vaguely spindled cells, similar to
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the cases in this series. Apart from near universal
vimentin expression, pediatric undifferentiated soft
tissue sarcomas have not shown a consistent
immunohistochemical profile. Somers et al'® noted
that 4-15% of undifferentiated soft tissue sarcomas
display polyphenotypic immunohistochemical find-
ings, and in our series, the presence of a poly-
phenotypic immunostaining profile marked these
cases as worthy of further investigation. However,
these studies did not support a more definitive
diagnosis in any case beyond that of undifferen-
tiated soft tissue sarcoma. Because of the relatively
young age of the patients in this series, as well as the
reported occurrence of loss of INI1 expression in
some epithelioid sarcomas and weak or focal
expression in some synovial sarcomas, INI1 expres-
sion was evaluated in these cases.” The observation
of loss of INI1 expression was further confirmed in
4/5 cases by identifying alterations of the INI1 gene
through a combination of techniques including
sequence analysis, reverse transcription-polymerase
chain reaction, and fluorescent in-situ hybridiza-
tion.

The differential diagnosis for our cases includes
classic epithelioid sarcoma, proximal-type epithe-
lioid sarcoma, synovial sarcoma, desmoplastic small
round cell tumor, Ewing’s sarcoma and malignant
rhabdoid tumor. Classic epithelioid sarcoma, a
tumor that expresses vimentin, cytokeratin, and
epithelial membrane antigen would be unlikely,
given the young age of our patients; moreover, only
one of these tumors arose in the distal extremity, and
none demonstrated epithelioid cytology or necro-
biotic nodules. Likewise, monophasic synovial
sarcoma typically displays a uniform spindle cell
morphology, which was not apparent in any of these
tumors. Although synovial sarcoma would display
vimentin and epithelial markers, the presence of
muscle markers in several of our cases would also be
inconsistent with synovial sarcoma. Finally, pre-
sence of the SSX-SYT fusion protein was specifi-
cally excluded in cases 4 and 5. Desmoplastic small
round cell tumor, although polyphenotypic, gener-
ally expresses desmin, and none of our cases were
desmin positive. None of our cases displayed
significant desmoplasia, and as in the case of
epithelioid sarcoma, the young age of our patients
would be unusual for desmoplastic small round cell
tumor. Ewing’s sarcoma could be confidently ruled
out in four of these cases on molecular genetic and
immunohistochemical grounds, as these cases either
failed to stain for CD99 or lacked an EWS related
fusion. Ewing’s sarcoma could not be absolutely
excluded in case 3, as this tumor expressed CD99 in
a membranous fashion focally, and molecular results
were not available. However, the histologic findings
of vesicular nuclei, moderately prominent nucleoli,
and the expression of muscle antigens would be
unlikely for Ewing’s sarcoma.

The most problematic tumors in the differential
diagnosis of these cases are the proximal-type
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epithelioid sarcomas and malignant rhabdoid tu-
mor. The proximal variant of epithelioid sarcoma is
a recently described, deep-seated, and aggressive
malignancy of soft tissue, with a predilection for
involvement of the pelvic and genital tract regions.™*
There is extensive histologic and immunophenoty-
pic overlap with malignant rhabdoid tumor, and
recent molecular studies have shown that inactiva-
tion of the INI1 gene is frequently present in these
tumors,'® suggesting a very close relationship to
malignant rhabdoid tumor in at least some cases.
Although morphologically similar to the tumors
described as proximal variants of epithelioid sarco-
ma, our cases occurred in a younger age group, and
none in the pelvic/genitourinary region. Also,
reactivity for CD34, which is positive in approxi-
mately 50% of epithelioid sarcomas, was only seen
in one of these tumors (case 4).

It is well recognized that both central nervous
system atypical teratoid/rhaboid tumors and malig-
nant rhabdoid tumors of soft tissues may have focal
or extensive areas lacking rhabdoid features. How-
ever, under current histologic criteria, a diagnosis of
malignant rhabdoid tumor cannot be made without
at least focal evidence of rhabdoid cells, which
contain prominent globoid, hyaline eosinophilic
cytoplasmic inclusions. At diagnosis, all of our
cases were totally lacking such cells, despite the
availability of abundant lesional tissue for examina-
tion. It can be argued that some of these cases could
be rhabdoid tumors in which the diagnostic mor-
phologic features were either very focal or absent.
Indeed, in case 4, following chemotherapy, the
definitive surgical specimen did show classic
morphology of malignant rhabdoid tumor, lending
plausibility to such an interpretation. What is
unusual is that none of the tumors in this series
has demonstrated the poor clinical outcome typical
of malignant rhabdoid tumor; rather, to date all
patients are alive and well. Short follow-up times in
several cases suggest caution in this conclusion, but
generally the outcomes for these patients were more
favorable than other cases of pediatric undifferen-
tiated sarcoma that have been reported, and cer-
tainly more favorable than for malignant rhabdoid
tumor.

With the exception of case 4, in none of these
cases would a diagnosis of malignant rhabdoid
tumor have been considered in the absence of loss
of nuclear expression of INI1. Loss of INI1 expres-
sion, as determined by immunohistochemistry is
relatively specific for renal and extrarenal malignant
rhabdoid tumor.”® Hoot et al and Sigauke et al
found a loss of nuclear INI1 expression in a
combined total of 10 extrarenal malignant rhabdoid
tumors and 22 renal malignant rhabdoid tumors.
Conversely, retained expression was seen in Ewing’s
sarcoma, alveolar and embryonal rhabdomyosarco-
ma, desmoplastic small round cell tumor, clear
cell sarcoma (both renal and extrarenal), Wilms’
tumor, X-linked renal cell carcinoma, and cellular



congenital mesoblastic nephroma.”? Variable ex-
pression was reported by Hoot et al for synovial
and epithelioid sarcomas; Sigauke et al found loss of
expression in epithelioid sarcomas and renal me-
dullary carcinoma. Cheng et al'® found loss of INI1
expression in all five renal medullary carcinomas
they examined, and correlated this with aggressive
behavior. The two undifferentiated sarcomas in the
study by Hoot et al” showed retained INI1 expres-
sion, and moreover, none of the 13 cases of
undifferentiated soft tissue sarcomas studied by
Somers et al'®* demonstrated loss of INI1 expression.
However, the abnormal molecular genetic results in
four of the five tumors in our series lend additional
support to the role of loss of INI1 expression in some
of these tumors.

Most tumors with loss of INI1 expression are
associated with aggressive biologic behavior and
poor clinical outcomes. The opportunity to query
INI1 status in a wide range of central nervous
system, renal and soft tissue tumors has been
facilitated by the recent development of reliable
immunohistochemical staining techniques for this
protein.®'” Although functioning as a tumor sup-
pressor gene, the exact role of INI1 in tumorigenesis
is not well understood. However it is possible that
the loss of INI1 expression may be associated with a
range of biologic behaviors in tumors. This possibi-
lity is further strengthened by the rare occurrence of
low grade or benign central nervous system tumors
which undergo delayed malignant progression and
subsequent loss of INI1 expression.’®" In conjunc-
tion with the reports of loss of INI1 expression in
some epithelioid sarcomas as well as renal medul-
lary carcinomas, these results suggest that loss of
INI1 expression may be a biologic event of uncertain
prognostic significance both in tumors which have
rhabdoid histologic features, and in tumors which
lack a well-defined rhabdoid phenotype. In the
cases reported here, it appears that INI1 expression
may be a defining feature of these tumors whereas
not necessarily conferring the poor prognosis typical
of malignant rhabdoid tumors. A further complica-
tion lies in the fact that the exact nature of the
relationship between some of the tumors in which
loss of INI1 expression has been identified (includ-
ing epithelioid sarcomas and soft tissue malignant
rhabdoid tumors) has yet to definitively established,
making it difficult to draw broad conclusions in the
absence of further larger studies.

These findings highlight that within undifferen-
tiated sarcomas there is a subset of tumors that can
be uniquely defined by the loss of INI1 protein
associated with mutation, deletion, or low expres-
sion of INI1. Histologically these tumors are char-
acterized by poorly differentiated small round to
spindled cells with a polyphenotypic immunostain-
ing profile including muscle and neural (neuron-
specific enolase) expression. The clinical outcomes
in these cases appear to be more favorable than those
encountered in malignant rhabdoid tumor, although

INI1 in undifferentiated sarcomas
PA Kreiger et al

the numbers of cases are too small to draw a firm
conclusion. Although further study of additional
cases is required to determine if these represent a
unique entity, the clinical outcomes in this series
suggest a more favorable prognosis than other
tumors that would be considered in the differential
diagnosis. Thus, we recommend that INI1 immuno-
histochemical staining should be considered in the
evaluation of undifferentiated sarcomas for both
diagnostic and prognostic purposes.
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