
DOI: 10.5114/PJP.2012.31502 POL J PATHOL 2012; 3: 179-183

SPECIFICITY AND SENSITIVITY OF INI-1 LABELING
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INI1 antigen is a product of the INI-1/SMARCB1 gene localized on chromosome
22q. It is well known that INI1 gene inactivation or loss of INI1 antigen expression
is observed in epithelioid sarcomas; however, there are only few reports concerning
specificity and sensitivity of immunohistochemical INI1 labeling as a marker of this
neoplasm. That is why we decided to test 99 soft tissue sarcomas for the presence
of the INI1 gene product. More specifically, the analyzed group consisted of 33 syn-
ovial sarcomas, 14 fibrosarcomas, 8 desmoid tumors, 8 DFSPs, 5 MPNSTs, 9 ep-
ithelioid sarcomas, 11 Ewing sarcomas/PNETs, 9 rhabdomyosarcomas and 2 clear
cell sarcomas. Additionally, 7 malignant melanomas and 9 adenocarcinomas were
included into the study.
Positive staining with an antibody against the INI-1 gene product was observed in
all studied cases of MPNST, Ewing sarcoma/PNET, rhabdomyosarcoma, malignant
melanoma, clear cell sarcoma, and adenocarcinoma. On the contrary, none of 9 ep-
ithelioid sarcomas was labeled. The loss of INI1 expression was also detected in
7 (21.2%) synovial sarcomas, confirmed cytogenetically or by FISH. Considering the lack
of reaction with INI-1 antibody as a diagnostic test for epithelioid sarcoma we esti-
mated that its sensitivity reached 100% and specificity – 83.5% (p < 0.0001).

Key words: INI-1 antigen, immunohistochemistry, epithelioid sarcoma, synovial
sarcoma.

Introduction

INI-1 antigen, also known as RDT, SNF5, Snr1,
BAF47, RTPS, Sfh1p, hSNFS or SNF5L1 is a product
of the INI-1/SMARCB1 (SWI/SNF-related matrix-as-
sociated actin-dependent regulator of chromatin subfamily B
member 1) gene localized on chromosome 22q [1]. It is
a member of an evolutionarily conserved SW1/SNF
complex that activates transcription of selected genes
by chromatin remodeling in an ATP-dependent man-
ner [2, 3]. For example, the SWI/SNF complex is nec-

essary for c-MYC-mediated transactivation. What is
more, the nuclear protein INI1 binds to HIV-1 inte-
grase facilitating the insertion of viral DNA (e.g. HPV
virus) into the human genome [2].

INI1-related growth arrest results from its binding
to GADD34 and HFR fusion proteins (that leads to for-
mation of a trimolecular complex in vivo). In this com-
plex, the product of the GADD34 gene mediates
growth arrest and apoptosis in response to negative
growth signals, DNA damage, and protein malfolding.
Wu et al. showed that the fusion of INI1 protein and
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Epstein-Barr nuclear protein 2 disrupts INI1 binding
to GADD34 and partially reverses the GADD34-me-
diated growth suppression in Ha-ras expressing HIH-
3T3 cells [4].

Loss of INI1 expression or INI1 gene inactivation
was observed in epithelioid sarcomas, renal and/or ex-
trarenal rhabdoid tumors, extraskeletal myxoid chon-
drosarcomas, epithelioid MPNSTs as well as medullary
renal carcinomas and myoepithelial cell tumors [5].

Aim of the study

There are only few reports concerning specificity and
sensitivity of an anti-INI1 antibody as an immuno-
histochemical marker of epithelioid sarcoma. That is
why we decided to investigate a new commercially avail-
able antibody against the INI-1 gene product.

Material and methods

Tissue material from 99 soft tissue sarcomas rep-
resenting three main categories of malignant mes-
enchymal tumors were selected for the study. Among
them there were 54 spindle cell sarcomas, 21 sarcomas
built of epithelioid cells, and 24 malignant small round
blue cell tumors. More specifically, the analyzed
group consisted of 33 synovial sarcomas, 14 fibrosar-
comas, 8 desmoid tumors, 8 DFSPs, 5 MPNSTs,
9 epithelioid sarcomas, 11 Ewing sarcomas/PNETs,
9 rhabdomyosarcomas and 2 clear cell sarcomas. Ad-
ditionally, 7 malignant melanomas and 9 adenocarci-
nomas were included into the study (Table I).

Immunohistochemical studies were performed
on formalin-fixed, paraffin-embedded sections, up to
4 µm thick, mounted onto Super-Frost(+) slides and
dried at 56°C for 24 hours, then deparaffinized in xy-
lene (2 × 30 minutes), rehydrated in absolute alco-
hol followed by 96% alcohol (for 5 minutes in each
concentration) and, finally, rinsed in distilled water.
In the rehydrated sections, endogenous peroxidase
was blocked with 3% hydrogen peroxide for 15 min-
utes. Afterwards, the sections were immersed in sodi-
um citrate buffer (pH 6.0), and underwent the un-
masking procedure according to the original
manufacturer’s indications. After washing in TBS,
the sections were successively incubated with block-
ing serum, primary antibody (anti-INI monoclonal
antibody, clone Y-7; Santa Cruz Biotechnology
Inc., California, USA, 1 : 500 dilution, incubation
for 24 h at 4°C) and detection system components.
Finally, the slides were incubated in DAB solution
(DAKO-S3000) with 3% hydrogen peroxide, coun-
terstained in Harris hematoxylin, dehydrated and cov-
erslipped in Canada Balsam.

Statistical analysis

Sensitivity, specificity, PPV (positive predictive val-
ue) and NPV (negative predictive value) were estimat-
ed according to the definitions depicted in Table II.
The differences between values of the tested variables
were assessed using χ2 test with Yates’ correction and
p-value < 0.05 was considered statistically signifi-
cant.
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Table I. Histological characteristics of the tumors studied

HISTOLOGY TOTAL NUMBER SPINDLE-CELL SARCOMAS WITH SMALL ROUND-CELL

OF TUMORS SARCOMAS EPITHELIOID COMPONENT TUMORS

synovial sarcomaa 33 20 9b 4
fibrosarcomac 14 13 1
fibromatosis (desmoid tumor) 8 8
dermatofibrosarcoma protuberans 8 8
malignant peripheral nerve sheath 5 5
tumor
epithelioid sarcoma 9 9
Ewing sarcoma/PNET 11 11
rhabdomyosarcomad 9 2 7
melanoma of soft part 2 2
malignant melanoma 7 7
adenocarcinoma 9 9
total number of tumors studied 115 54 37 24
total number of sarcomas studied 99 54 21 24
aAll synovial sarcomas were confirmed cytogenetically and/or by FISH using SYT break apart probes.
bBiphasic synovial sarcomas.
cIncluding 1 case of epithelioid fibrosarcoma and 1 infantile fibrosarcoma.
dThe rhabdomyosarcoma group consisted of 4 alveolar, 3 embryonal, 1 sclerosing and 1 pleomorphic subtypes.
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Results

Positive immunohistochemical staining with an an-
tibody against the INI-1 gene product was characterized
by intensive nuclear reaction in both neoplastic and nor-
mal cells. It was observed in all studied cases of ma-
lignant peripheral nerve sheath tumor (MPNST),
Ewing sarcoma/PNET, rhabdomyosarcoma, malignant
melanoma, clear cell sarcoma (melanoma of soft
parts), and adenocarcinomas. The reaction was found
in 100% of cells of all above-mentioned tumors.

Among the remaining neoplasms, the percentage
of cases labeled by the antibody to INI-1 protein var-
ied from 78.8% (synovial sarcomas) to 92.9% (fibro-
sarcomas) (Table II) (Fig. 1A-E). Epithelioid sarco-
ma was the only exception among studied tumors;
the reaction to the INI-1 antibody was observed in
none of 9 epithelioid sarcomas tested. Non-neoplas-
tic stromal cells of entrapped normal tissues, inflam-
matory cells as well as endothelial cells were used as
positive controls in all these cases (Fig. 1F). Note-
worthy, the lack of the INI1 expression was also de-
tected in 7 (21.2%) synovial sarcomas, confirmed cy-
togenetically or by FISH.

Considering the lack of reaction with the INI-1 an-
tibody as a diagnostic test for epithelioid sarcoma we
estimated that its sensitivity reached 100%, and speci-
ficity – 83.5%. PPV and NPV values were 47.4% and
100%, respectively (χ2 = 45.91, p < 0.0001).

With regard to malignant neoplasms built ex-
clusively of epithelial and/or epithelioid cells (bipha-
sic synovial sarcomas, epithelioid fibrosarcoma, ep-
ithelioid sarcoma, melanoma and carcinomas),
the specificity of the immunohistochemical test for
the absence of the INI-1 antigen appeared to be much
higher; its value was estimated as 96.4% (Table IV).
PPV and NPV rates, defining the significance
of INI-1 labeling in differential diagnosis of epithe-

lioid sarcomas and other epithelial/epithelioid ma-
lignant tumors were calculated as 90% and 100%,
respectively (p < 0.0001).

Discussion

Loss of reaction with the antibody against the sup-
pressor INI1 gene product is considered a sensitive and
specific marker of epithelioid sarcoma. A review of avail-
able literature has shown that lack of INI1 expression
was characteristic of the vast majority (80-90%)
of epithelioid sarcoma cases, both for the classic
and so-called proximal type of the tumor [6, 7]. In
the studied group, all of nine cases of epithelioid sar-
coma also showed negative immunohistochemical
staining against the INI1 antigen.

The present study has revealed that loss of the INI1
antigen expression in tumor cell nuclei can be a use-
ful marker in differential diagnosis between epithelioid
sarcoma (negative immunohistochemical reaction)
and a group of soft tissue sarcomas which express this
protein (desmoid tumour, epithelioid fibrosarcoma,
rhabdomyosarcoma, and Ewing sarcoma/PNET). Fi-
nally, this marker can be also helpful in differential di-
agnosis between epithelioid sarcoma and metastatic ade-
nocarcinoma or malignant melanoma. Similar results
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Table II. Definitions of the estimated value
Sensitivity = true positives/(true positives +
+ false negatives)
Specificity = true negatives/(true negatives +
+ false positives)
Positive predictive value = true positives/(true positives +
+ false positives)
Negative predictive value = true negatives/(true negatives +
+ false negatives)

Table III. Results of immunohistochemical studies with the antibody against INI-1 protein

HISTOLOGICAL TYPE TOTAL NUMBER NUMBER (%) OF TUMORS NUMBER (%) OF TUMORS

OF THE TUMOR OF TUMORS WITH POSITIVE REACTION WITH NEGATIVE REACTION

epithelioid sarcoma 9 0 9 (100.0)
synovial sarcoma 33 26 (78.8) 7 (21.2)
dermatofibrosarcoma 8 6 (87.5) 1 (12.5)
fibrosarcoma 14 13 (92.9) 1 (7.1)
fibromatosis/desmoid 8 8 (100) 0
MPNST 5 5 (100) 0
Ewing sarcoma/PNET 11 11 (100) 0
rhabdomyosarcoma 9 9 (100) 0
melanoma of soft part 2 2 (100) 0
malignant melanoma 7 7 (100) 0
adenocarcinoma 9 9 (100) 0
total number of tumors studied 115 96 (83.5) 19 (16.5)
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were noticed by Hornick et al. [7], who found intact
reaction to INI1 protein in all 54 adenocarcinomas,
12 embryonal carcinomas, 20 metastatic melanomas,
20 malignant mesotheliomas, 30 malignant vascular
proliferations (20 epithelioid angiosarcomas and 10 he-
mangioendotheliomas), as well as in 7 anaplastic
large cell lymphomas and 5 histiocytic sarcomas. On
the contrary, 12 (50%) of 24 tested epithelioid Ma-

lignant Peripheral Nerve Sheath Tumors (MPNSTs)
presented the loss of the INI1 antigen expression [7].

Moreover, the lack of INI1 antigen is typical of ex-
trarenal rhabdoid tumor. That is why this neoplasm is
thought, at least by some authors, as an entity related
to the proximal type of epithelioid sarcoma [1, 8].

Loss of INI1 protein expression was also noticed in
some synovial sarcomas [1, 8]. In our study, this phe-
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Fig. 1. Results of immunohistochemical studies with the antibody against INI-1 protein. Positive nuclear reaction in
the neoplastic cells of synovial sarcoma (A), Ewing sarcoma/PNET (B, C), fibrosarcoma (D), and adenocarcinoma (E).
The lack of reaction in the nuclei of epithelioid sarcoma (F) with simultaneous nuclear labeling of non-neoplastic
stromal cells as well as inflammatory cells in the vicinity of tumor tissue (internal control of the immunohistochemical
reaction)

A B

C D

E F
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Table IV. Results of immunohistochemical studies with the antibody against INI-1 protein in a subgroup of malig-
nant neoplasms built of epithelioid and/or epithelial cells

HISTOLOGICAL TYPE TOTAL NUMBER NUMBER (%) OF TUMORS NUMBER (%) OF TUMORS

OF THE TUMOR OF TUMORS WITH POSITIVE REACTION WITH NEGATIVE REACTION

epithelioid sarcoma 9 0 9 (100.0)
synovial sarcoma (biphasic type) 9 8 (88.9) 1 (11.1)
epithelioid fibrosarcoma 1 1 (100) 0
malignant melanoma 7 7 (100) 0
adenocarcinoma 9 9 (100) 0
melanoma of soft part 2 2 (100) 0
total number of tumors studied 37 27 (72.9) 10 (27.1)

nomenon was revealed in 7 (21.2%) of 33 cases
of synovial sarcomas. However, Kohashi et al. observed
the lack of reaction with the anti-INI1 antibody in
66 (69%) of 95 synovial sarcomas [9], and Argyrakos
et al. [10] found reduced reaction to INI1 in 4 of 5 cas-
es of synovial sarcomas and no reaction in one case.

The results obtained by Japanese authors [9] are sim-
ilar to ours; they observed nuclear reaction with
the anti-INI1 antibody in all of 10 MPNSTs. However,
they also found the intact INI1 expression in 3 adult
fibrosarcomas as well as 7 fibrosarcomas arising in DFSP
[9]. What is more, they described four cases of ex-
traskeletal myxoid chondrosarcoma with no INI1 anti-
gen expression. Additionally, 2 of these 4 cases presented
homozygous deletion and frameshift mutation
of the SMARCB1/INI1 gene [11].
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