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Clinical value detection of testicular microlithiasis
and recently discovered markers
in testicular germ—cell tumors
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Testicular germ-cell tumors (TGCTs) are the most frequent
malignant tumors in men 20-40 years of age and the most
frequent cause of death in this age group. TGCTs consist of
two major groups: seminomas and nonseminomatous germ-
cell tumors (NSGCTs). NSGCTs can be further divided into
embryonic carcinoma, teratoma, yolk sac tumor, and chorio-
carcinoma, which differ in therapy, prognosis, but all show
characteristics of the primordial germ cells. New biomarkers
potentially represent novel molecular targets for treatment.
The role of microRNA is highlighted as molecular prognostic
factor in TGCT. Testicular microlithiasis (TM) often detected
during examination among men with TGCTs, cryptorchidism,
infertility, testicular atrophy and dysgenesis. Patients with
TM form a group of risk of development of TGCTs. Also at
high risk are patients with infertility, bilateral TM, atrophic
and undescended testes and history of TGCTs.

Key words: testicular germ cell tumors, immunohistochemical
markers, testicular microlithiasis.

esticular germ-cell tumors (TGCTs) are the most frequent solid

malignant tumors in men 20—40 years of age and the most fre-
quent cause of death from solid tumors in this age group. TGCTs
comprise two major histological groups: seminomas and nonsemi-
nomatous germ-cell tumors (NSGCTs). NSGCTs can be further di-
vided into embryonic carcinoma, teratoma, yolk sac tumor, and cho-
riocarcinoma. Seminomas and NSGCTs significantly differ in clini-
cal features, therapy, and prognosis, but both show characteristics
of the primordial germ cells. New biomarkers — OCT3/4, SALL4,
CD30, CD117, GATAS3, a-inhibin, SOX2, SOX17, HMGA1, Nek2,
GPR30, Aurora-B, estrogen receptor B, Glypican 3 — represent nov-
el molecular targets for antineoplastic strategies.

At the time of ultrasound testicular microlithiasis (TM) in-
side the parenchyma can be found in 0,6-9% of patients. Findings
of TM in population of healthy men is rare, but TM often de-
tected during examination among men with TGCTs, cryptorchi-
dism, infertility, testicular atrophy and dysgenesis. The connec-
tion between TM and infertility is unclear, but probably relates
to dysgenesis of the testes. TM is also associated with a risk of
developing testicular cancer. Among patients with TGCTs TM
can be detected in 6-46% of cases [1, 2].

When carrying out testicular biopsy in patients with TM, the
frequency of detection of TIN is significantly higher, however,
TM can't be regarded as an absolute indication for testicular bi-
opsy. Detection by ultrasound of the TM itself can't be consid-
ered a precancerous condition, since TM quite often accompanies
benign changes in the parenchyma, but patients with TM form
a group of risk of development of TGCTs. Also at high risk are
patients with infertility, bilateral TM, atrophic and undescended
testes, and with history of TGCTs.

It is known that most patients with TGCTs have a decrease in
the quality of sperm even before the start of treatment. The perfor-
mance of the orchidectomy can additionally contribute to a wors-
ening of fertility, especially with an inferiorly functioning opposite
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testicle, for example, in atrophy of the latter. Treatment of TGCT
can also contribute to the deterioration of sperm quality. In addition
to poor spermatogenesis, patients with TGCTs also have Leydig’s
cell dysfunction even in the opposite testis, so the risk of developing
hypogonadism increases during treatment. The determination of the
level of testosterone, SHBG, LH and oestradiol before and during
treatment makes it possible to indirectly judge the degree of impair-
ment and the possible timing of the restoration of fertility.

Patients cured of TGCTs for long-term follow-up may have an-
drogen deficiency caused by TGCTs or due to age-related changes
and, therefore, need long-term follow-up and, possibly, substitution
therapy [3]. It can be considered statistically proven to increase the
degree of hypogonadism depending on the volume of treatment re-
ceived — the risk of hypogonadism increases in patients who received
more than 3 courses of chemotherapy or irradiation of retroperito-
neal lymph nodes. In this case, the greatest clinical manifestations of
hypogonadism are observed in the period from six to twelve months
after treatment, but in some patients testosterone deficiency can be
observed and more than two years after the end of therapy. Erectile
dysfunction and loss of libido can also be observed [4].

Three serum tumor markers (alpha fetoprotein, chorionic go-
nadotropin and lactate dehydrogenase) are currently used for prog-
nostic purposes. AFP is a serum protein produced by the fetal yolk
sac, liver, and gastrointestinal tract. The highest concentrations
observed during 12—14 weeks of gestation and decline 1 year after
birth. AFP is secreted by embryonic carcinoma and yolk sac tumor,
but not by pure choriocarcinoma or pure seminoma. Elevated AFP
can be seen after treatment in patients with liver disease, and several
malignancies including hepatocellular carcinoma, lung, pancreatic,
colon, and gastric cancers. During pregnancy, hCG is produced by
the syncythiotrophoblastic cells of the placenta. In TGCTs, syn-
cyhtiotrophoblastic cells are also responsible for production of hCG.

All patients with choriocarcinoma and 40—-60% of patients
with embryonic cell carcinoma have elevated hCG and 20% of
patients with pure seminoma have elevated serum hCG. LDH is
an enzyme found in all cells and represent a nonspecific marker
for the burden of disease, and can be elevated in many malignan-
cies and chronic disease (liver and heart failure, pancreatitis, he-
molytic anemia and collagen disorders).

Nowadays the testing serum for tumor markers (AFP, hCG,
LDH) is a standard diagnostic procedure in managing patients
with germ cell testicular tumors, although highest prognostic
value is seen in nonseminomatous malignancies. Historically,
these serum markers were one of major tests to differentiate semi-
noma, non-seminomatous or mixed primary tumors. Elevation of
«classic» tumor markers is usually seen in 60% of pts with germ
cell testicular tumors. This justifies further search of newer mo-
lecular, genetic and immunihistohemical markers [5-7].

Review of literature yields new immunhistochemical mark-
ers, which help in diagnosis of different types of GCT, and pres-
ent a potential targets for developing new pharmaceutical agents.

To name, CD117 (C-kit or KIT-marker of tyrosinekinase
transmembrane receptors and stem cells growth marker) and D2-
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Fig. 1. Positive expression of the 0CT-3/4 in TIN
(<400, author’s photo)
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Fig. 2. Positive expression of the 0CT-3/4 in seminoma cells
(<200, author’s photo)

Fig. 3. Positive expression of the 0CT-3/4 in embryonic
carcinoma cells (<400, author’s photo)

40 (marker of lymphatic vessels endothelium, used to study lym-
phovascular invasion and lymphangiogenesis in tumors) can be
used to differentiate atypical seminoma and embryonic carcinoma.

CD117 and D2-40 are being detected in cells of seminoma,
and their expression is absent in embryonic carcinoma [8].

Study of the multifunctional nonhistone high mobility pro-
teins (HMGA) (high mobility group, isoforms 1 and 2), which
take part in transcription in non-seminomatous tumors demon-
strate their higher expression compared to seminoma tumors.
Hyperexpression of HMGA speaks for malignant phenotype,
resistance to chemotherapy drugs, early and fast metastases and
unfavorable prognosis [9—10].

NEK2 - belongs to centrosomal serine/treoninkinases en-
gaged in correct split of chromosomes in G2/M stage of cell
cycles (the gene is located on 20q13). Many factors affect the
activity of these proteinkinases, such as damage to DNA. Higher
expression of this gene causes anomaly of centrosome and chro-
mosome instability, which leads to abort of signal to apoptosis
and preservation of genetically changed cells.

Aberrant expression of NEK2 is found in seminoma cellular
nuclei and in cellular line TCam-2 and correlates with level of
expression of stem cell markers (pluripotency) — PLZF ta OCTA4.
It was discovered that NEK2 plays a role of modulating factor
for alternative splicing, which is key event in regulation of gene
expression and most frequently is damaged in cancer cell [11].

Alternative splicing is a process which allows generation of
different mRNA transcripts from same gene, and different pro-
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Fig. 4. Absence of 0CT-3/4 marker expression in teratoma cells
(x100, author’s photo)

carcinoma cells, ahsence of expression in teratoma cells
(lower left, <100, author’s photo)

teins, respectively. This allows for diversity of final proteins
considering limited amount of genes. Up to 94% of human genes
adopt alternative splicing.

OCT3/4 — is one of transcription factors from POU family,
controls mRNA synthesis through binding with specific site on
DNA. Transcription factors may be oncogenic and oncosuppres-
sive, their mutation or changes in their regulation may start the
cancerogenesis. Study on cell lines demonstrated that OCT3/4
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was a key factor in a process of self-renewal of nondifferentiated
embryonic stem cells, thus maintaining pluropotency potential.
OCT3/4 can be used as a marker or non-differentiated cells.

The expression of its gene is finely regulated, because even
slight changes (up-or down-regulation) cause the differentiation
of cells. Normally OCT3/4 is being activated in oocyte and stays
activated until its implantation. Knockdown of OCT3/4 gene
causes differentiation of cells, which proves the role of this fac-
tor in maintenance of self-renewal of embryonic stem cells. It is
known, that mice embryos with low level of OCT3/4 protein do
not build up the cellular population and differentiate into tropho-
ectoderm. The main function of OCT3/4 is restraining stem cells
from differentiation.

As per Looijenga L.H. et al. [12], beside some types of germ-cell
tumors (seminoma, germinoma, dysgerminoma). the embryonic
carcinoma cells hold pluripotency potential (ability to differenti-
ate). They are considered as stem cell component in non-germ cell
tumors. The cells of seminoma, TIN, germinoma and dysgerminoma
hold phenotype of early germ-cell tumors, the pluripotent potential
of these tumors can also be activated. Teratoma, yolk sack tumor,
spermatocytic seminoma (as well as ovarian dermoid cysts) are com-
posed of differentiated cells and host no stem cells. TIN, seminoma
and embryonic cell carcinoma, as well as germinoma and dysgermi-
noma, are marked with higher OCT3/4 expression (Fig. 1-5).

Gillis A. et al. (2011) besides OCT3/4 test for expression of the
following genes - NANOG, SOX2 ta LIN28 — as they are main regu-
lators of pluripotency in the cells of germ cell tumors [13]. Immuno-
histochemical tests demonstrate expression of LIN28 in primordial
germ cells, gonocytes, pre-spermatogonias and TIN cells as well as
in seminoma, embryonic cell carcinoma and yolk sack tumor, which
correlates with high malignant potential of these germ cell tumors.
LIN28 was not detected in teratoma and spermatocytic seminoma.
Study on cell lines with knockdown of LIN28 gene demonstrated its
role in maintaining non-differentiated status of seminoma and em-
bryonic cell carcinoma along with OCT3/4 and NANOG.

Recent studies demonstrated prognostic value of microRNA
371-373 in managing germ cell tumors of testis [14—16]. MicroR-
NA (or miRNA) is a small molecule RNA (18x25 nucleotides),
which may repress translation of iRNA on ribosomes and regu-
late gene expression. MicroRNAs were shown to play a role in
embryogenesis, cell differentiation, apoptosis and tumorigenesis,
repression of function of many genes. One miRNA may regulate
the function of many genes at the same time, including oncosup-
pressors and oncogenes.

The role of microRNAs in cancer stem cells and in development
of resistance to chemotherapy is being thoroughly studied. MicroR-
NAs hold a potential to be used as tumor markers in oncological
practice due to their stability in liquid systems and sharp elevation
in many malignancies. For germ cell testicular tumors the diagnostic
value of microRNA 371-3 cluster was demonstrated. To date, serum
levels of microRNA-367-3p, 371a-3p, 372-3p and 373-3p in patients
with germ cell testicular tumors are high than in healthy men, speci-
ficity and sensitivity of microRNA-371a-3p is 84.7% and 99%, re-
spectively, which is better compared to hCG and AFP.

There is also a correlation between stage of the tumor, build-
up of the primary tumor (seminoma vs. non-seminoma) and level
of microRNA-367-3p. It is worthy to note that in Stage I disease
after removal of primary tumor microRNA-371a-3p significantly
dropped in serum. This fact signifies microRNA-371a-3p as a po-
tential new diagnostic tool for either active surveillance or moni-
toring residual tumor after chemotherapy [17].

Nowadays there is a limited experience using microRNA in
urooncological practice. There were more than 40 microRNAs
discovered as potential markers for monitoring urological malig-
nancies of different location, as well as tools for developing new
treatment strategies, which would be based on selective modeling
of microRNAs [18].
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Spiekermann M. et al. (2015) state that three microRNAs can
be considered as potential markers in treatment of germ cell tu-
mors of testis — microRNA371a-3p, 372 and microRNA-373-3p
[15]. Studies of other authors support these data. Gillis A. et al.
(2013) studied 80 germ cell tumors and discovered elevation of
microRNA-371/372/373/367 [19]. In Stage I tumor after orchi-
dectomy the level of microRNA fell to normal. Authors found a
correlation between level of microRNA and stage of the process.
Overall, comparing to traditional markers, microRNA appeared
to be more sensitive — 98% (sensitivity of AFP/hCG is 36%,/57%,
sensitivity for seminoma/non-seminoma: AFP — 3%/45%, and
hCG - 62%/66%).

Palmer R. et al. (2010) studied 615 different microRNAs
from germ cell tumors in children, adults and cell lines [20]. Au-
thors found elevation in microRNA clusters 371-373 and 302
(p<0,00005) disregard histological buildup of primary tumor,
age of patients and gonadal /extragonadal location of the tumor.

Ruf C. et al. (2014) based on monovariate analysis deter-
mined 35 different microRNAs presence of which is indicative of
metastases (lymphogenic or dormant) in patients with seminoma
[21]. In multivariate analysis the metastases were accurately pre-
dicted by two microRNAs in peripheral blood.

Syring I. et al. (2015) tested different microRNAs in serum
(miR-302a-3p, 302b-3p, 302c-3p, 367-3p, 371a-3p, 372-3p and
373-3p) in 30 patients with germ cell tumors [17].

Authors established an elevation of microRNAs in serum
(miR-367-3p, 371a-3p, 372-3p and 373-3p) in patients with
tumor, sensitivity/specificity of microRNA371a-3p was deter-
mined as 84,7%,/99% (which exceed those for AFP/hCG); the
level of miR-367-3p is higher in tumors of non-seminoma build-
up, compared to seminoma, and level of miR-371a-3p in Stage I
disease decreased after removal of tumor.

Abovementioned data provide a ground for considering
microRNA371a-3p, 372 and 373-3p as new potential marker for
germ cell tumors of testis [22, 23]. Further studies should provide
answers to a number of questions, such as whether germ cell tu-
mor cells indeed produce those microRNAs? For example, serum
concentration of microRNA from testicular vein anticipated to be
higher than in vena ulnaris. Can microRNA test aid in detecting
TIN? Does elevated microRNA correlate with stage of the tumor?
Can microRNA be tested and detected in other biological fluids,
such as urine, ejaculate, pleural exudate, and would that have a di-
agnostic value? From clinical stand point we consider important
the decline of microRNA to normal after removal of the primary
Stage I tumor. Specificity of the test should be validated by means
of testing microRNA in control group (cancer patients with other
malignancy, or patients with benign processes in scrotum).

CONCLUSIONS

1. Testicular microlithiasis often detected during examina-
tion among men with TGCTs, cryptorchidism, infertility, tes-
ticular atrophy and dysgenesis. Patients with TM form a group
of risk of development of TGCTs. Also at high risk are patients
with infertility, bilateral TM, atrophic and undescended testes,
and with history of TGCTs.

2. Recent studies characterize microRNAs 371a-3p, 372 and
373-3p as new potential markers of germ cell tumors of testis.
When compared to traditional markers (AFP, hCG, LDG) they
yield higher sensitivity and specificity.

3. Immunohistochemical studies detecting new markers has
given further advantages in discriminating between subgroups of
testicular tumors, and yield potential novel molecular targets for
antineoplastic strategies.

4. According to the immunohistochemical study with
OCT 3/4, the pluropotency potential retains in seminoma and
embryonic cancer cells. The teratoma cells as a more differenti-
ated tumor do not possess pluripotency.
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KniHiyHe 3HaYeHHS TECTUKYJIIPHOrO MiKpoiTia3y
Ta BU3HA4Y€HHS HOBUX MapKepiB NPy repmMiHOreHHux
nyxJiMHax sie4ka

A.B. Cakano

Tepminorenni myxaumnum seuxa (I'TIA) waitvacrime 3ycrpivaorbes
y Bikosiit rpyni 20—-40 poxiB, BoHU € OJHI€I0 3 OCHOBHUX TPUYUH
CMEpTHOCTI cepe/i Y0JIOBiKiB MOI00TO Biky. PosrismyTo mesxi HOBI
iMyHoricToximMiuni Mapkepu, BUBUEHHIO SIKUX TPUJIISETbCA yBara B
Hy6JIiKaHiHX OCTaHHIX POKIB, Ta SKi € TMOTEHIIHHUMI MillIeHIMU JIJI
PO3p0o0IIeHHsT HOBHX TapreTHHX MpenapariB. BUCBITIEHO 3HAYEHHS
MikpoPHK sik Mosieky isipHoro (aktopa mpornogyBanst nepebiry a-
xBopioBanns na I'TIf. Busnaueno, mo BusiBIeHHS TeCTUKYJISIPHOIO
MiKpOJIiTia3y MO’Ke TOEIHYBATUCH 3 TOPYIIEHHAM (hepTUIbHOCTI Ta
iHIIMMU O3HAKAMU AMCreHesii SI€4oK i CylpPOBO/YKYBATUCS HAsSIBHICTIO
TIN y mapenximi.

Kmouogi cnosa: zepminozenii nyxiunu seuxa, imynozicmoximiuni map-

KnuHnyeckoe 3HayeHue TeCTUKYNISIPHOro
MUKpoJiuTUasa v onpegesieHue HoOBbiIX MapKepoB
npu repMMHOreHHbIX onyxosiax sndka

A.B. Cakano

T'epmunorennsie omyxonn suuka (ITIS1) nuarnocTupyior vame B Bo3-
pacre 20—40 JeT, oHM ABJIAIOTCS OIHOI N3 OCHOBHBIX IPUYNH CMEPTH
OT OHKOJIOTMYECKHX 3a00JIeBaHMII B yKa3aHHOW BO3PACTHOII rpyIiIie.
PaccMoTperbl HOBbIE MapKepbl, KOTOPbIE MOTEHIHAIBHO MOTYT OBITh
HCIOIb30BAHBI KaK MUIICHH /IS TAPTeTHOI Tepanuil. 3aTPOHyTa POJIb
MukpoPHK B kayecTBe MOJIEKYJIAPHOTO IIPOrHOCTUYECKOTO MapKepa
mpu TS, Ormeueno, uTo 0GHAPYKEHHE TECTUKYISIPHOTO MHKPOJIH-
Traza (0COOEHHO IBYXCTOPOHHEro) mpu nposeaenun Y 31 MokKeT co-
[IPOBOYK/IATHCST IPYTHMHE IPU3HAKAMU ANCTEHE3NH SIMYEK, HAPYIIIEHIEM
deprunbnoct n Hasmunem TIN.

Kntouesvte cnosa: 2epMUNnOZenHble ONYXoau AUYKA, UMMYHOZUCTIOXU-

Kepu, MIKpoaimias AEuok.

MuUdecKue maprepovl, MUKPOIUMUA3 AUUEK.
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