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Brother of the Regulator of Imprinted Sites (BORIS) has a role in intracellular signalization and is important in epigenetic
mechanism control, such as methylation/demethylation of DNA and histones. BORIS may deregulate some tumor suppres-
sor genes. Immunohistochemical expression of BORIS was found in different tumors, some of them showing correlation
with poor prognosis. The aim of this study was to determine immunohistochemical expression of BORIS in pure seminomas
and different components of testicular mixed germ cell tumors (MGCT). In this study, immunohistochemical expression of
BORIS in testicular germ cell tumors (TGCT) was analyzed. Staining intensity and percentage of positive staining cells were
used to evaluate the level of expression. Tumor samples from 44 patients were analyzed; 26 pure seminomas and 18 MGCT.
In MGCTs, seminoma component was found in 4, yolk sac in 7, teratoma in 11 and embryonal carcinoma in 13 samples. Ex-
pression of BORIS was strong in 80.8% of seminoma cases and in 76.9% of embryonal carcinoma component, 71.4% of yolk
sac, 63.6% of teratoma component and 25% of seminomatous component of MGCT. In MGCT, positive correlation was found
between BORIS expression in teratomatous component and presence of yolk sac component (tb=0.574, p<0.02). Negative
correlation was also observed between BORIS expression in teratomatous component and T stage (tb=0.559, p<0.02). Pos-
itive correlation was found between BORIS expression in embryonal carcinoma component and T stage (tb=0.471, p<0.04).
There was no correlation of BORIS expression among different tumor components. These results show the potential role of
determining BORIS expression and its possible contribution to improving the diagnosis and treatment of TGCTs.
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INTRODUCTION Somatic mutations that lead to the development of

germ cell tumors include mutations in more than

Testicular germ cell tumors (TGCT) account for more
than 98% of all testicular tumors, being most common
in young male adults (1). An increased incidence in
TGCTs has been recorded over the last 40 years, espe-
cially in western European countries, with Republic of
Croatia and Republic of Slovenia having the highest
increase in Europe (1-3).

one gene; nonseminomas are typically hypotriploid,
whereas seminomas are usually hypertriploid. Isochro-
mosome 12p is the most common alteration, which
can be found in 80% of seminoma and nonseminoma
cases (4,5). Loss of heterozygosity of CDKN2A and
RBI found in nonseminomas could play a role in high-
er malignant potential compared to seminomas (6,7).
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Germ cells, during the early stages of their develop-
ment (in utero), undergo a phase of generalized DNA
demethylation (8). Most TGCTs develop from germ
cell neoplasia in situ (GCNIS), previously known as
intratubular germ cell neoplasia (2,5,9). In compar-
ison to normal spermatogonia, GCNIS genome re-
mains unmethylated in adult testis (10).

Brother of the Regulator of Imprinted Sites (BORIS)
is the paralogue of CCCTC-binding factor (CTCEF),
a highly conserved protein with functions including
regulation of transcription and genomic imprinting.
BORIS is specifically expressed in the embryo, skin,
germ cells, and cancer. It acts as an antagonist to CTCF
in normal and cancer cells by binding to the same tar-
get sequences. Epigenetic mechanisms such as meth-
ylation/demethylation of DNA and modification of
histones are very important in BORIS function. The
result of BORIS transcription is a protein homologous
to the multifunctional transcriptional regulator CTCF
(11-13). In other cell types, BORIS may be expressed
only due to its abnormal activation, which is a result of
DNA demethylation, knockout of CTCF and absence
of functional p53 tumor suppressor (11,13-16).

Immunohistochemical expression of BORIS has
been proven in some tumor types, e.g., larynge-
al, esophageal, hepatocellular and breast carcinoma
(12,13,17,18). However, currently there are no studies
on immunohistochemical expression of BORIS in tes-
ticular tumors.

Despite the fact that the cure rate of TGCTs is
about 95%, some tumors are cisplatin-resistant and
long-term side effects occur as a result of treatment
(2,19,20). Therefore, it is important to additionally in-
vestigate TGCT, its pathogenesis, as well as diagnostic
and treatment possibilities.

OBJECTIVE

The aim of this study was to determine immunohis-
tochemical expression of BORIS in pure seminomas
and different components of mixed germ cell tumors
(MGCT).

MATERIALS AND METHODS

MATERIALS

Material from 55 patients diagnosed with TGCT was re-
trieved from the Ljudevit Jurak Department of Patholo-
gy and Cytology, Sestre milosrdnice University Hospital
Centre tumor registry. Orchidectomy specimens were
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from 44 patients treated in our institution during the pe-
riod from 2000 to 2014 and 11 consultation cases from
other institutions. Each patient included in the study
was assigned a unique number, whereas the real identity
was only known to the researchers. Retrieval of archival
tissue was conducted under institutional review board
approval. All cases were reevaluated by two pathologists
(M.U. and B.K.) and met the WHO criteria for diagno-
sis. One to twelve blocks were available per case, one to
three representative blocks of each case, with different
tumor components selected for immunohistochemical
study. Tissue microarray blocks were made based on
marked areas, which was done by a pathologist.

METHODS

Specimens were fixed in 10% buffered formaldehyde,
dehydrated in ascending series of alcohol, embedded
in paraffin, cut at 5 um, deparaffinized in xylol, and
routinely stained with hematoxylin and eosin (H-E).

Histologic analysis

All slides were analyzed under low magnification
(x40 and x100), and specific tumor components were
marked and used for microarray analysis. Two pathol-
ogists (M.U. and B.K.) analyzed slides independently.
A joint review board resolved all disagreements.

Immunohistochemical analysis

Rabbit polyclonal antibody BORIS (dilution 1:50,
Santa Cruz biotechnology, Heidelberg, Germany) was
used for immunohistochemical staining. Indirect ABC
technique, LSAB method for visualization system on
DakoTechMate TM automated immunostainer using
Microwave Streptavidin Immuno Peroxidase was used
for immunohistochemical staining. Breast cancer tis-
sue was used as positive control for BORIS.

After immunohistochemical staining, the material was
completely analyzed. The reaction was examined on
1000 cells under high magnification (x400) in so-called
hot spots (highest reaction intensity). Hot spot areas
were chosen under low power field. Staining intensity
(SI) was semiquantitatively analyzed and graded on a
0-3 scale and expressed as 0, no reaction; 1, weak reac-
tion; 2, moderate reaction; and 3, strong reaction. The
percentage of positive staining cells (PPC) was graded
on a 0-3 scale as follows: 0, no reactive cells; 1, <10%
positive cells; 2, 10%-50% positive cells; and 3, >50%
positive cells. For each sample, PPC and SI scores were
multiplied to give the immunohistochemical staining
index (ISI), which was labeled as follows: 0=zero, 1-4=
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low, and 5-9=high. All samples were examined inde-
pendently by three observers (LM., A.M. and M.U.)
and any differences were resolved by joint review.

Statistical analysis

Nonparametric test was used on statistical analysis
due to the small number of patients. Kendal tau_b
correlation coeflicient was used to assess correlation
of BORIS expression (in both seminomas and differ-
ent MGCT components) with age, T stage and tumor
size, as well as correlation of BORIS expression among
different components of MGCTs. Absolute coefficient
value 20.600 was considered a measure of strong cor-
relation. All analyses were performed with IBM SPSS
Statistics, version 21.0 (www.spss.com). The level of
significance was set at p<0.05 in all cases.

RESULTS

Tumor samples from 55 patients were analyzed. T
stage was known for 44 patients, of which 32 tumors
were T1, 10 were T2 and 2 were T3. Eleven samples
representing consultation cases for which the T stage
was unknown were excluded from further statistical
analysis. Patient age ranged from 19 to 58 (median
34.0); 25 tumors were in the 19-35 age group and 19
tumors in the 35-60 age group. Results are shown in
Table 1 and Figure 1.

Fig. 1. (A) Microscopic appearance of pure seminoma (HE,
x100); (B) immunohistochemical positive BORIS staining
(x200); (C) microscopic appearance of mixed germ cell
tumors, embryonal carcinoma component (HE, x100); (D)
immunohistochemical positive BORIS staining (x200).

Table 1.
Immunohistochemical expression of BORIS in different
components of MGCTs
Isi Seminoma | MGCT-S | MGCT-YS | MGCT-T | MGCT-EC
% n=26) | %M=4) | %@n=7) | %(@n=11) | % (n=13)

0 0(0) 0(0) 0(0) 0(0) 0(0)
1 1926) | 7503) | 286(@) | 36.4(4) | 2310
2 | 808(1) | 250(1) | 71.4(5 | 636(7) | 76.9(10)

ISI, immunohistochemical staining index, MGCT-S mixed germ
cell tumor - seminomatous component; MGCT-YS mixed germ
cell tumor - yolk sac component; MGCT-T mixed germ cell
tumor - teratomatous component; MGCT-EC mixed germ cell
tumor — embryonal carcinoma component

Out of 44 samples, there were 26 pure seminomas
and 18 mixed germ cell tumors (MGCT). Out of 18
MGCTs, seminomatous component was found in 4,
yolk sac component in 7, teratoma component in 11
and embryonal carcinoma in 13 samples.

Expression of BORIS was found in both seminomas
and MGCTs. Positive staining cells showed cytoplas-
mic staining; nuclear staining was not found. Of the
seminomas analyzed, BORIS expression was strong in
80.8% of cases, whereas in the seminomatous compo-
nent of MGCTs it was strong in only one case (25%).
Strong expression of BORIS was found in 76.9% of
embryonal carcinoma component, 71.4% of yolk sac
component, and 63.6% of teratomatous component.
Low expression of BORIS was found in the remaining
percentage of MGCT components.

Statistical analysis showed a significant positive cor-
relation between age and T stage in the group of pure
seminomas (tb=0.402, p<0.02). In the group of non-
seminomas, there was a statistically significant positive
correlation between BORIS expression in teratoma-
tous component and presence of yolk sac component
(tb=0.574, p<0.02). Furthermore, there was a statisti-
cally significant negative correlation between BORIS
expression in teratomatous component and T stage
(tb=0.559, p<0.02). On the other hand, a statistically
significant positive correlation was found between BO-
RIS expression in embryonal carcinoma component
and T stage (tb=0.471, p<0.04). There was no statisti-
cally significant correlation between BORIS expression
and tumor size in any group and no correlation of BO-
RIS expression in different tumor components.

DISCUSSION

Despite many new findings in the field of germ cell
testicular tumors during the last 10 years, the histo-
pathologic diagnosis of different components of the
tumor and TNM stage still plays the most important
role in prognosis and therapy.
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BORIS is detected in early stages of spermatogenesis,
whereas in later stages, it is silenced due to reactivation
of CTCE In human testicular dissected tissue from the
same male, the localization of BORIS was nuclear in
spermatocytes but cytoplasmic in spermatogonia. In
the nucleus, BORIS regulates gene expression, and in
the cytoplasm, BORIS binds to RNA and associates
with actively translating ribosomes (21-23). BORIS
knock-out mice have defective spermatogenesis, small
testes and increased cell death (11,21). In our study,
BORIS expression was always placed in the cyto-
plasm of the tumor cells and it was found in all com-
ponents of TGCT. Both groups analyzed (seminomas
and MGCTs) showed BORIS expression. The possible
explanation for BORIS expression in both types of
TGCTs and all components of MGCTs is that BORIS
expression is present during spermatogenesis and that
the embryonal carcinoma cell represents a pluripotent
testicular tumor containing stem cell that can differen-
tiate into embryonic and extraembryonic tissues.

The lack of useful serum markers for seminoma and
embryonal carcinoma is constantly present in disease
diagnosing and monitoring. This obstacle has been
significantly overcome by the discovery of serum miR-
NA. Combined AFP/hCG and miRNA test have led to
increased sensitivity to up to 98%, independently of
age and histologic tumor type (24).

To find appropriate markers for TGCT, it is important
to understand the origin of the germ cell tumors, in
which epigenetics has a huge role; in the future, epi-
genetic silencing of aberrantly demethylated epigen-
etic mediators may prove useful in the treatment of
TGCTs. Epigenetic mechanisms such as methylation/
demethylation of DNA and modification of histones
are very important in BORIS function and it is consid-
ered to be a new oncogene, which is reactivated in can-
cer. BORIS may inhibit c-myc, induce the expression
of TSP5 oncogene, and deregulate tumor suppressor
genes such as CTCF2 and Rb2/p (8).

Overexpression of BORIS was found to correlate with
hypomethylation of its promoter in primary testicu-
lar cancer patients, as shown in the study on cell lines
(11,25). Other methods were also used to determine
BORIS expression in many different tumors, e.g., head
and neck squamous cell carcinoma, carcinomas of
breast, lung, kidney, bladder, prostate, ovary, endo-
metrium, cervix, colon, as well as in melanoma and
leukemic cell lines (11,12,17,26-28). Partial demeth-
ylation of BORIS promoter was detected in ovarian,
colon and lung cancer, and in leukemic cell lines (27).
Colorectal cancer samples and colorectal cancer cell
lines showed differential BORIS expression and differ-
ent responses to BORIS alteration (29).
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A recent study of BORIS expression in laryngeal squa-
mous cell carcinomas found positive correlation be-
tween the expression of BORIS in laryngeal cancer
cells and patient age under 59 years, as well as low-
er tumor differentiation and lethal outcome within
5 years of surgical procedure (17). Similarly, positive
correlation was also found between BORIS expression
in esophageal cancer cells and lethal outcome within 5
years (independently of T stage) and lymph node affec-
tion in early stage (12). A recent study on hepatocellu-
lar carcinoma reports on association between BORIS
expression and tumor size, differentiation grade, sat-
ellite lesions, and recurrence (18). BORIS expression
was found in prostatic cancer cells but not in benign
prostatic hyperplasia. BORIS expression showed posi-
tive correlation with Gleason score, T stage and andro-
gen receptor level. According to this, it was concluded
that BORIS expression could indicate more aggressive
prostate cancer behavior (30). Recently, association
between BORIS expression and poorer prognosis in
lung cancer has been reported, suggesting that BORIS
could be used in lung cancer immunotherapy (31).

Similarly, our study also showed positive correlation
between BORIS expression in embryonal component
of MGCTs and T stage. Interestingly, there was nega-
tive correlation between BORIS expression in terato-
matous component of MGCTs and T stage.

CONCLUSION

In conclusion, it is important to stress out incomplete
understanding of the pathogenetic mechanisms of
TGCT development, with current focus being on the
role of epigenetic modification. DNA hypomethylation
is one of the pathogenetic mechanisms for TGCT de-
velopment, which is also involved in abnormal BORIS
activation. BORIS activation may also be a result of tu-
mor-suppressor p53 absence and it is known that p53
silencing can cause complete cisplatin resistance (32).

In our study, BORIS expression was confirmed in
both pure seminomas and MGCTs, with pure semi-
nomas having the highest expression of BORIS, which
differed to some extent compared to seminomatous
component of MGCTs. The expression of BORIS in
various TGCTs and their different components may
indicate its role in TGCT development. The role of
BORIS in the pathogenesis, developmental capacity
and differentiation of TGCTs into their various sub-
types still remains largely unknown.
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SAZETAK

IMUNOHISTOKEMIJSKA IZRAZENOST PROTEINA BORIS U TUMORIMA ZAMETNIH STANICA
TESTISA

A. MESIC!, I. MILOSEVIC?, V. MILUNOVIC?, M. MILOSEVIC* M. ULAMEC?®¢ i B. KRUSLIN®¢

'Zavod za hitnu medicinu Krapinsko-zagorske Zupanije, Krapina, *Sveuciliste u Zagrebu, Medicinski fakultet,
Zagreb, *Klinicka bolnica Merkur, Zavod za hematologiju, Zagreb, *Sveuciliste u Zagrebu, Medicinski fakultet,
Skola narodnog zdravlja “Andrija Stampar”, Zagreb, *Klinicki bolnicki centar “Sestre milosrdnice”,
Zavod za patologiju i citologiju, Zagreb i °Sveuciliste u Zagrebu, Medicinski fakultet, Zavod za patologiju,
Zagreb, Hrvatska

BORIS (engl. Brother of the Regulator of Imprinted Sites) sudjeluje u unutarstani¢noj signalizaciji i kontrolira epigenetske
mehanizme kao $to su metilacija/demetilacija DNK i histona. Aktivacija BORIS-a dovodi do poremecaja odredenih tu-
morskih supresora. Imunohistokemijska izrazenost BORIS-a utvrdena je u razli¢itim tumorima. U nekim tumorima nadena
je korelacija s loSijom prognozom. Cilj ovoga istraZivanja bio je utvrditi imunohistokemijsku izrazenost BORIS-a u ¢istim
seminomima i razli¢itim komponentama mijeSanih tumora zametnih stanica testisa (engl. mixed germ cell tumors, MGCT).
Materijal i metode: Analizirana je imunohistokemijska izrazenost BORIS-a u tumorima zametnih stanica testisa (engl. tes-
ticular germ cell tumors, TGCT), a intenzitet bojenja i postotak reaktivnih stanica koristen je za evaluaciju razine ekspresije.
Analizirani su uzorci tumora 44 bolesnika; 26 Cistih seminoma i 18 MGCT. Kod MGCT-a komponenta seminoma nadena
je u 4, yolk sac-a u 7, teratoma u 11 te embrionalnog karcinoma u 13 uzoraka tumora. Rezultati: Imunohistokemijska iz-
razenost bila je jaka kod 80,8% cistih seminoma te kod 76,9% komponente embrionalnog karcinoma, 71,4% yolk sac-a,
63,6% teratoma i 25% seminomske komponente MGCT-a. Dobivena je pozitivna korelacija izrazenosti BORIS-a teratomske
komponente i prisutnosti komponente yolc sac (tb=0,574, p<0,02). Takoder je uo¢ena negativna korelacija izrazenosti BO-
RIS-a u teratomu i T stadiju bolesti (tb=0,559, p<0,02). Izmedu imunohistokemijske izrazenosti BORIS-a u embrionalnom
karcinomu i T stadiju bolesti dobivena je pozitivha korelacija (tb=0,471, p<0,04). Povezanost izrazenosti BORIS-a u razli¢it-
im komponentama tumora nije pronadena. Zaklju¢ak: Ovi rezultati pokazuju potencijalnu vaznost odredivanja ekspresije
BORIS-a te moguci doprinos u pobolj$anju dijagnosticiranja i moguce terapije tumora zametnih stanica testisa.

Kiljucne rijeci: BORIS, tumori zametnih stanica testisa, imunohistokemija, biomarkeri
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