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Background: Synovial sarcoma (SS) is a high-grade spindle cell tumor that accounts for 5%
to 10% of soft tissue sarcomas. The majority originate from the deep intramuscular soft
tissues of extremities with common sites including knee, ankle and feet.
Immunohistochemical (IHC) stain TLE1 (transducer-like enhancer of split 1) is a potent
diagnostic marker for distinguishing SS from mimicking tumors.

Methodology: The study was performed on 177 tumor cases, including 89 SS and 88 non-
synovial sarcoma (N-SS) cases which were diagnosed at Department of Pathology and
Laboratory Medicine, Aga Khan University Hospital, from July 2019 to June 2020.
Hematoxylin and eosin (H&E) and IHC stained glass slides of these cases were reviewed.
TLE1 expression was assessed based on the Remmele scoring system.

Results: Eighty-nine cases of SS and 88 cases of N-SS were included in the study. SS cases
included 42 (47.2%) monophasic subtype, 6 (6.7%) biphasic subtype and 41 (46.1%) poorly
differentiated subtype. Major tumor types in N-SS cases were 27 (30.7%) Ewing sarcoma
(ES), 13 (14.8%) leiomyosarcoma, 10 (11.4%) undifferentiated sarcoma (US), 8 (9.1%)
fibrosarcomatous dermatofibrosarcoma protuberans and 7 (8%) malignant peripheral nerve
sheath tumor cases. Mean patients’ age for SS cases was 26.14 years and for N-SS cases was
32.64 years. All 89 SS cases showed positive TLE1 expression. Out of 88 N-SS cases, 71
(80.7%) were TLE1 negative and 17 (19.3%) showed positive expression.

Conclusion: This study shows that TLEI is a very sensitive and relatively specific IHC
marker for SS. TLE1 expression can be observed in other soft tissue sarcomas but diffuse
strong TLE1 expression is highly specific for SS. The diagnosis should not solely rely on
TLE1 expression and morphologic features but should include soft tissue specific lineage
markers to avoid misdiagnosis.
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Background
Immunohistochemical (IHC) stain in soft tissue tumors is employed to detect the
presence of lineage specific antigens in tumor cells. IHC stain is performed after
thorough assessment of morphological features raising possibilities of differential
diagnoses. Initial panel of antibodies determines broad lineage with additional panels
specifying tumor type. Molecular studies provide an adjunctive tool in distinguishing
specific tumors.

Synovial sarcoma (SS) is a high-grade spindle cell tumor that accounts for 5% to
10% of all soft tissue sarcomas.' It can arise at any anatomic site in any age group, but
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it most commonly involves the extremities in young adults.”
In the Pakistani population, the highest incidence has been
observed in the 15-49 age group.” Most of these tumors
originate from the deep intramuscular soft tissues of extre-
mities with common sites including knee, ankle, feet, and
hand. Uncommon sites include the inguinal region, abdom-
inal wall, and head and neck region.*

SS has three histologic subtypes; monophasic subtype
comprises 50-60% cases. Tumor of this subtype is com-
posed of monomorphic spindle-shaped cells arranged in
sheets or fascicles. Mitotic figures are rarely appreciated.
Differential diagnoses include malignant peripheral nerve
sheath tumor (MPNST), fibrosarcomatous dermatofibrosar-
coma protuberans (FS-DFSP), and some other spindle cell
neoplasms. Biphasic subtype comprises of 20-30% cases of
SS. Tumor of this subtype is composed of both spindle and
epithelial components. Poorly differentiated subtype com-
prises 10—15% cases of SS and it is composed of diffuse
sheets of small round blue cells with nuclear atypia, con-
spicuous nucleoli and high mitotic rate. The closest differ-
ential diagnosis of this subtype is Ewing sarcoma (ES).

At the genetic level, SS is characterized by a specific
translocation t(X;18) (pl1; ql1). It is driven by fusion of
SS18 gene on chromosome 18 with SSX gene on chromo-
some X (frequently SSX1 and SSX2, and rarely SSX4).°
Transducer-like enhancer of split 1 (TLE1) is a member of
the TLE family of genes that encodes Groucho-like tran-
scriptional corepressors and is one of the most frequently
overexpressed genes in SS. It acts as transcriptional cor-
epressor that inhibits the Wnt/B-catenin signaling pathway.
TLEI binds other basic helix—loop—helix (bHLH) proteins
causing repression of target genes.® Hence, molecular stu-
dies through techniques like fluorescence in situ hybridi-
zation (FISH), reverse transcriptase-polymerase chain
reaction (RT-PCR) and cytogenetics remain the gold stan-
dard for the diagnosis of SS. However, the use of these
tests is limited due to lack of resources in developing and
poor countries, such as Pakistan and Afghanistan.

IHC stains usually performed to establish the diagnosis
of SS include TLE1, EMA, cytokeratins (CK AE1/AE3,
CK7, CK19), CD99, CD34, BCL-2, and vimentin. Recent
studies have demonstrated that TLE1 is the most sensitive
and specific IHC marker for diagnosing and differentiating
SS from histologic mimics.’

We conducted this study with an aim to assess the
expression of TLEl by IHC stain in SS and other neo-
plasms of variable lineages.

Materials and Methods
The study was conducted at the Section of Histopathology,
Department of Pathology and Laboratory Medicine, Aga
Khan University Hospital (AKUH). Incisional biopsies
and surgical resection specimens of tumors on which the
expression of TLE1 was assessed between July 2019 and
June 2020 were included in the study. Twelve cases were
positive for SYT fusion on FISH studies. Hematoxylin and
eosin (H&E) stained and IHC stained glass slides of these
cases were retrieved and reviewed by two consultant his-
topathologists (MBQ, NUD). Exclusion criteria included
autolyzed and poorly fixed tumors, trucut biopsies and the
cases in which a definitive diagnosis could not be rendered
on the basis of H&E and IHC. TLE1 (Cell Marque TLE1
(1F5), Antibody, Cell

Corporation, Rocklin, USA) was used to stain tumor tis-

Mouse Monoclonal Marque
sue. Positive and negative controls were run with every
staining batch. Brown colored nuclear staining of tumor
cell nuclei was assessed, scored and interpreted according
to Remmele score (Remmele score = Percentage of the
stained tumor cells x Intensity of staining). Percentage was
assessed as: 0 for no stain, 1 for <10%, 2 for 11-50%, 3
for 51-80% and 4 for 81-100% of stained cells. Intensity
of immunoreactivity was evaluated as: 0 for no stain, 1 for
weak stain (faint light brown), 2 for moderate stain (dark
brown staining of intensity less than that of positive con-
trol) and 3 for strong stain (dark brown nuclear staining
equating intensity of positive control). Cumulative score
was calculated as: 5-12 = high, 3-4 = moderate, 1-2 =
weak, and 0 = negative. High and moderate score were
interpreted as “positive” whereas weak score was inter-
preted as “negative”.

Data regarding patients’ demographics such as age and
gender was available from patients’ reports. Based on
histological diagnoses, two categories were made; SS and
non-synovial sarcoma (N-SS).

Data analysis was carried out via International
Business Machines Statistical Package for the Social
Sciences (IBM SPSS), version 21.0. Mean + SD was
calculated for quantitative variables including patients’
age and Remmele score. Frequency and percentages were
determined for qualitative variables including gender, his-
tological diagnosis (SS or N-SS) and TLE1 IHC expres-
sion. Sensitivity and specificity of TLE1 expression for SS
were also calculated. Chi-square test was applied and
p-value < 0.05 was interpreted as significant.
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Results

A total of 177 cases were included in the study. Patients’
age ranged from 25-81 years. Eighty-nine (50.3%) cases
were diagnosed as SS and 88 (49.7%) were diagnosed and
categorized as N-SS. Among SS cases, 42 (47.2%) were
monophasic, 6 (6.7%) were biphasic and 41 (46.1%) were
poorly differentiated subtype. The N-SS group included 27
(30.7%) ES, 13 (14.8%) leiomyosarcoma (LMS), 10
(11.4%) undifferentiated sarcoma (US), 8 (9.1%) FS-
DFSP and 7 (8%) MPNST cases (Table 1).

Mean age of SS cases was 26.14 years with SD of £7.47
years whereas mean age of N-SS cases was 32.64 years with
SD of £18.9 years. Forty-two (47.2%) of the SS cases were
male and 47 (52.8%) were female. Fifty-eight (65.9%) N-SS
cases were male and 30 (34.1%) were female.

All SS cases demonstrated positive TLEI THC expres-
sion. In contrast, TLE1 positivity was observed in 17 (19.3%)
N-SS cases (p-value =<0.001) (Table 2). Among these N-SS
cases, 4 (4.5%) displayed strong TLE1 expression, 2 (2.2%)

Table | Frequency of Different Tumors Stained with TLEI
Antibody (n = 177)

Histological Diagnosis Frequency (%)

Synovial sarcoma

® Monophasic 42 (47.2%)

® Biphasic 6 (6.7%)

® Poorly differentiated 41 (46.7%)

Non-synovial sarcoma tumors

® Ewing sarcoma 20 (30.7%)

® Leiomyosarcoma 13 (14.8%)

o Undifferentiated sarcoma 10 (11.4%)

® Fibrosarcomatous dermatofibrosarcoma 8 (9.1%)
protuberans

o Malignant peripheral nerve sheath tumor 7 (8%)

® Embryonal rhabdomyosarcoma 4 (4.5%)

® Sarcomatoid carcinoma 4 (4.5%)

o Malignant solitary fibrous tumor 3 (3.4%)

o Epithelioid sarcoma 2 (2.3%)

e Malignant melanoma I (1.1%)

o Wilms tumor I (1.1%)

® Histiocytic sarcoma I (1.1%)

o Merkel cell carcinoma I (1.1%)

® Malignant phyllodes tumor I (1.1%)

o |nflammatory myofibroblastic tumor 1 (1.1%)

o |nfantile rhabdomyofibrosarcoma 1 (1.1%)

o Fibromatosis 1 (1.1%)

o Cellular schwannoma 1 (1.1%)

IHC
Expression in Synovial Sarcoma and Non-Synovial Sarcoma
Cases (n = 177)

Table 2 Comparison of Frequency of Overall TLEI

Histological Groups TLEI Expression p-value
Positive Negative

Synovial sarcoma 89 (100%) 0 <0.001

Non-synovial sarcoma 17 (19.3%) 71 (80.7%)

displayed moderate expression and 11 (12.5%) displayed
weak expression (p-value = <0.001) (Table 3).

The overall sensitivity and specificity calculated were
100% and 81%, respectively. All subtypes including poorly
differentiated subtype of SS demonstrated strong positive
TLE!1 expression (Figure 1A and B). ES, the closest differ-
ential of poorly differentiated SS, predominantly showed
negative TLEI expression (Figure 1C and D).

N-SS cases demonstrated variable strength and percen-
tage of TLE1 IHC expression. The frequencies of pattern
of expression (absent, weak, moderate and strong) have
been summarized in Table 4. Strong positive expression
was observed in single case each of ES, US, cellular
schwannoma and malignant melanoma.

A single case of cellular schwannoma was stained with
TLE1 antibody due to its increased cellularity, and it showed
positive expression for TLEI (Figure 2A and B). However,
other markers of nerve sheath origin such as S100 and
SOX10 were also positive in this case. Two cases of LMS
demonstrated focal TLE1 staining of moderate intensity
which was categorized as “weak” (Figure 2C and D).

A single case of malignant melanoma was stained with
TLE1 antibody, and it showed strong diffuse positive TLE1
expression (Figure 3A and B). However, other IHC markers
of melanocytic differentiation such as HMB45, Melan A,
S100 and SOX10 were also positive in this case.

Weak positive expression was noticed in 3 ES cases, 2
cases each of LMS and epithelioid sarcoma and 1 case
each of US, MPNST, embryonal rhabdomyosarcoma and
sarcomatoid carcinoma (Table 4).

Discussion

SS exhibits various morphologic patterns which show con-
siderable overlap with other soft tissue sarcomas.®
Monophasic SS shows fascicular arrangement of spindle
shaped cells which brings MPNST, FS-DFSP, LMS, solitary
fibrous tumor (SFT) and inflammatory myofibroblastic

tumor in its differential diagnoses. Biphasic SS shows
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Table 3 Comparison of Frequency of Intensity of TLEI IHC Expression in Synovial Sarcoma and Non-Synovial Sarcoma Cases (n =

177)
Histological Groups TLEI Expression p-value
Negative Weak Positive Moderate Positive Strong Positive
Synovial sarcoma 0 2 (2.2%) 1 (1.1%) 86 (96.7%) <0.001
Non-synovial sarcoma 71 (80.7%) Il (12.5%) 2 (2.2%) 4 (4.5%)

glandular and spindle component which can also be seen in
sarcomatoid carcinoma, Wilms tumor and others. Poorly
differentiated is the most challenging type as it exhibits
round cells with moderate to severe pleomorphism. Its dif-
ferential diagnoses include ES and embryonal rhabdomyo-
sarcoma which are also tumors of young children.’
Moreover, limited biopsy material including small incisional
and trucut biopsies makes diagnosis more difficult.

In all such cases where there is morphologic overlap,
accurate diagnosis requires immunomarkers. TLEl has
emerged as a highly specific and sensitive maker in distin-
guishing SS from its mimics.'” TLE1 genes encode human
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transcriptional corepressors that are engaged in embryogenesis
and hematopoiesis. Gene expression studies have revealed
overexpression of TLE] in the nuclei of SS cells."""'? This
study evaluated TLE1 expression in SS and its histological
mimics.

In contrast to 96% positive TLE1 expression observed
by Knosel et al,'? this study showed 100% TLE1 expression
in SS cases. In their study, 4 out of 14 cases of MPNST
showed positive TLE1 expression, while this study showed
only one out of 7 weak positive expression. All fibrosar-
coma cases of both the studies were TLE1 negative. The
specificity and sensitivity in that study was 96% and 75%
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Figure | TLE| IHC staining in synovial sarcoma and Ewing sarcoma. (A) Poorly differentiated synovial sarcoma, H&E, 20x. (B) Strong positive nuclear TLEI IHC expression
in tumor cells, 20x. (C) Ewing sarcoma, H&E, 20x. (D) Negative TLEI IHC expression in cells of Ewing sarcoma tumor cells, 20x.
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Table 4 Summary of Intensity-Wise TLE| Expression in Non-Synovial Sarcoma Entities Showing Positive TLEI Expression

Histological Diagnosis No. of Cases Stained TLEI Expression
Negative | Weak Positive | Moderate Positive | Strong Positive

Ewing sarcoma 27 22 3 | |
Leiomyosarcoma 13 I 2 - -
Embryonal rhabdomyosarcoma 4 2 | | -
Epithelioid sarcoma 2 - 2 - -
Undifferentiated sarcoma 10 8 | - |
Malignant melanoma | - - - |
Sarcomatoid carcinoma 4 3 | - -
Malignant peripheral nerve sheath tumor | 7 6 | - -
Cellular schwannoma [ - - -

respectively as compared to 81% and 100% in this study in all 3 SFT cases of this study. Interestingly, in comparison
which may be attributed to more varied tumor collection in
this study.

In a study conducted by Foo et al * TLE1 positivity was

observed in 4 out of 49 cases of SFT in contrast to negativity

to all 23 ES negative cases in Foo et al's study and another

study,'*"” this study displayed TLE1 positive expression in
1" 5 out of 27 cases, 3 of them were weak and one case each

demonstrated moderate and strong expression. FS-DFSP
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Figure 2 TLEI IHC staining in cellular schwannoma and leiomyosarcoma. (A) Cellular schwannoma, H&E, 20x. (B) Strong nuclear TLE| expression in tumor cells of cellular
schwannoma, 20x. (C) Leiomyosarcoma, H&E, 20x. (D) Moderate nuclear TLEI expression in tumor cells of leiomyosarcoma, 20x.
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Figure 3 TLE| staining in malignant melanoma. (A) Malignant melanoma, H&E, 20x. (B) Strong nuclear expression of TLE| IHC stain in melanoma cells, 20x.

cases of both studies were TLEI negative. In a study by
Chuang et al, 7 SS cases out of 50 were TLE1 negative.
Furthermore, all the cases of rhabdomyosarcoma (n = 3) and
LMS (n = 5) were TLEI negative.'® On the contrary, we
observed 2 weak positive LMS cases out of total 13 and 2
positive cases of rhabdomyosarcoma out of 4 cases.

The limitations in the current study include retrospective
nature and limited number of each N-SS entity stained with
TLE1 antibody. Lack of financial resources also limits mole-
cular confirmation of these cases. Nevertheless, histological
features combined with IHC stains such as CKAEI/AE3,
EMA and TLE1 have a great yield in the diagnosis of SS,
however, it is important to have sound knowledge of other
entities displaying TLE1 expression in order to avoid
misdiagnosis.

Conclusion

This study shows that TLE1 is a highly sensitive and rela-
tively specific IHC marker for establishing SS diagnosis. The
expression in SS cases is usually diffuse and strong.
However, its expression in other tumors can be misleading.
Therefore, correlation with clinical, histological features and
expression of other IHC markers is necessary for making the
correct diagnosis.
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