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Bcuyko 3a BawuaTta naboparopuis

Cneuuan1snpaHit peakTmsm

MpoaykToBata NNHUS obxBaLlua
KYNTypanHu cpeau, cpeamn 3a o6paboTka
Ha cnepma, cpeay 3a KpUochXpaHeHue
WH  BWUTPO  [MArHOCTMKA,  EH3UMMU,
peakTMBM 3a NOAroTOBKA U Ap.
[narHocTnynn matepuanu — Episcreen,
LeucoScreen, Fructose test, Varicoscreen,
Vitalscreen, Hypo-osmotic Swelling test,
Spermac stain.

Cpean 3a KIETbYHO KynTuMBMpaHe -
Ferticult IVF, Flushing, G3, PVP, ICSI kit
Mineral oil.

Cpean 3a noAroToBKa Ha CeMeHHa

TeyHocT- Sil -Select Plus, Sil-Select Stock.

3ampassBawy cpeam — Embryofreeze,
Spermfreeze, VitriFreeze, VitriThaw.

pHcbI

CneuuannsnpaHi KOHCymaTuBu

SparMed e Jarcka  KomnaHus
crneumanusnpaHa B npou3BOACTBOTO Ha
nn1acTMacoBu cnewuyuannsupaHm

KoHcymatmen 1 dmntpn  3a  IVF,
OTYMTALLM YCTPONCTBA 3a naboparopuu,
Je3NH(EeKTaHT,  Kamepu W [p.
KOHCYMaTVBI.

Gynetics — komnaHusTa NOCBETEHAa Ha
)KEHCKOTO  3apaBe, pa3paboTBa U
npegnara  Haii-gobpute  MeAMLMHCKM
NPOLYKTW, ocuUrypsiawi obnactra Ha
Bb3MNPOM3BOACTBOTO U KOHTpaLenuusaTa-
KOHCYMaTVBW 3a B3eMaHe Ha npobu,
KaTeTpu 3a emOpuUo TpaHcdep, KareTpu
3a BbTPEMATOYHO OMNoXAaHe, CeT 3a
acnupaums Ha Qonmkynu.

ELTA'90

More than Technology

NabopatopHa anapatypa

CneuuannsupaHn namuHapHum OOKCOBE
3a IVF — cbyetaBar B cebe cu
NHOBATWBHA eHeprocnecTasaila
CUCTEMA, NAMUHApPHA TEXHoMorms u
HEPA dunTpaumns. bokcoBeTe ca noj,
MOCTOSAHEH MUKPOMPOLIECOPEH KOHTPON,
C Bu3yanHa W 3BYKOBA anapma, Karo
OCUrypsiBaT YACTU W CTEPUIHN PaBOTHM
ycnosus. B Tesu amapatm Moxe jna
Objle MHCTaNMPaH CTePeoMIUKPOCKON.
lNpoaykToBara rama ce nonbnea ot CO2
UHKy6aTopw, MUKPOMaHuUmynartopu,
MUKPOCKOMNM - N3NPaBEHN, WHBEPTHU U
CTEpeo, NabopaTopHM XNaaunHUUW 1
(hpn3epu 1 BCIKAaKbB BUf, CbMbTCTBALLA
anapartypa 3a IVF nabopatopuu.
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PEITPOOYVKTVBHA MEOULIVIHA M1 APT B YCJIOBUATA HA SARS-COV-2 -
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REPRODUCTIVE MEDICINE AND ART IN SARS-COV-2 CONDITIONS -
CHALLENGES, RISK ASSESSMENT AND OPTIMIZATION OF IVF PRACTICES

E. Marinova *?, R. Konakchieva !, G. Nikolov 2
! Sofia University “St. Climent Ohridski”, Faculty of Biology,
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I';to6arHa Kpu3a 3a 3gpaBHUTE CHCTEMU

ITpes mapr 2020 r. CpeToBHaTa 37paBHa OpraHu3a-
s (C30) obsBm HavastoTo Ha maHmeMus Ha SARS-
CoV-2 (COVID-19), GesmpelieneHTHO 3a0orisgBaHe,
KoeTo KbM Kpast Ha 2020 r. e 3acernaso okosio 80 Mu-
JIMOHA AYIIN B LIV CBST, KaTO CMBPTHIUTE CIIydan
ca Hajl eVH MIJIVOH.

COVID-19 e ocTpo pecnimpaTopHO 3abosisiBaHe, IIP-
upHeHo oT egHoseprokeH PHK Bupyc, nssecren mog,
nMeto ,Koponasupyc, mpudamHsBaIl, TeXbK OCTbP
pectmpaTopen cuaapoMm 2 ym SARS-CoV-2. Vs-
KITIOYNMTeTHAaTa 3apa3sHOCT Ha BUPYCa, BUCOKMAT PYUCK
OT pas3BUTMe Ha >XMBOTO3acTpallaBalia MHQeKIs
VI IIOCTOSTHHOTO HapacTBaHe Ha cTydanTe Ha SARS-
CoV-2 moBemoxa [0 HajIeXalra HeoOXOIMMOCT OT
IIMPOKOTO IpwWIaraHe Ha CHenMUYHM CTpaTerumn
3a HaMaJIsiBaHe Ha PUCKa OT TOBa 3a0oJrgBaHe, BKIIIO-
YUTEeTHO OT/IaTaHeTO Ha BCUYKV HeChIIIeCTBeH Aevi-
HOCTM C IesI M30sirBaHe IIpeToBapBaHETO Ha 3/paB-
HWTe CYCTeML.

MexxnyHapomHMTe 1 HaIlMOHAJIHWUTEe acoIlMaluu 3a
penponyKTBHa MeOuIIMHa, BKIIOYNTETHO (prHaH-
cupaly MHCTUTYIUH, KaTo , LlenTsp 3a Acuctipana
Penponykims” B beiarapus, mpemioxnxa IpeycTa-
HOBsIBaHe Ha HOBWM VH-BUTPO IIPOIleAypW, HeHaslo-
JKUTEJTHV AeVTHOCTH 110 KPMOKOHCepBally Ha TaMe-
U 1 gyarHocTraHm npouenypu ), koeto Oe daxT
B €BPOIEVICKI ¥ HallVIOHaJIeH Marrad 3a Hav-MasIko
2-3 Mecena 1ipes mposterra Ha 2020 r.; caem M. Man
IIOCTeTIeHHO 3all09YHa Bb3CTaHOBsIBaHe Ha yCIIyTUTe B
obracTTa Ha perpoAyKTMBHATa MeOWIIMHA, HO IpU
emHM T10-HUCKM 0b0eMuy. CripaHeTo Ha IIpOLeay pu-
Te 3a VH BUTPO OIUIOXKIaHe JI0Befie 10 3HaYMMO CHVI-
XapaHe ycriepaeMocTTa Ha IVF, Hav-mankoro nopa-
IOV JOITBIHMTEITHO HapacTBaHe Ha CpeJHaTa Bb3pacT
Ha nanmenTure ©),

Ot HavasI0TO Ha MaHAEMMTa ca ITyOIMKyBaHM 1 aK-
TyalM3upaHu pedulia HacOKW, eIVeMMOIOTMIHN
OroyreTvHM 11 IpenopbKNU. B obacTTa Ha pernpomyk-
TMBHATa MeAVIIMHA OT ToJIeMUTe MeAMIIVIHCKI OOIII-
Hocty Kato ESHRE, ASRM, IFFS, REDLARA-SBRA
Os1xa M3HameHy IpenopbKY KbM HaIVIeHTHTe CTpaga-
I oT OesITonyie Ja oOOMMCIIAT OT/IaraHe Ha OpeMeH-
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Global crisis for health systems

In March 2020, the World Health Organization (WHO)
announced the onset of a SARS-CoV-2 (COVID-19)
pandemic, an unprecedented disease that affected
around 34 million people worldwide by the end of
September 2020, with more than one million deaths.

COVID-19 is an acute respiratory illness caused by
a single-stranded RNA virus known as ,Coronavirus
causing severe acute respiratory syndrome 2° or
SARS-CoV-2. The extreme transmissibility of the
virus, the high risk of developing a life-threatening
infection and the steady increase in the incidence
of SARS-CoV-2 have led to the urgent need for
widespread implementation of specific strategies to
reduce the risk of this disease, including postponing
all non-essential activities to avoid overload of health
systems.

International and national associations for
reproductive medicine, including funding institutions
such as the Center for Assisted Reproduction in
Bulgaria, have proposed suspension of new in vitro
procedures, non-essential gamete cryopreservation
activities and diagnostic procedures 9, which was
a fact in European and national scale for at least 2-3
months in the spring of 2020; after May this year,
the recovery of services in the field of reproductive
medicine gradually began, but at lower volumes. The
suspension of in vitro fertilization procedures has led
to a significant reduction in IVF success, at least due
to a further increase in the average age of patients®.

Since the beginning of the pandemic, a number
of guidelines, epidemiological bulletins and
recommendations have been published and
updated. In the field of reproductive medicine, large
medical communities such as ESHRE, ASRM, IFFS,
REDLARA-SBRA have recommended that infertile
patients consider postponing pregnancy®*?. General
recommendations included discontinuation of
reproductive therapy, such as ovulation induction,
intrauterine insemination (IUI), in vitro fertilization,
cryopreservation of egg and sperm cells, and
transfer of fresh or frozen embryos. However, it
was allowed for individual centers which have
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Hoct 7). O0mMTe IpelopbKI BK/IIOUBAT IIpeKpa-
TsBaHe CTapTUPaHeTO Ha PeIlpodyKTMUBHO JledeHne,
BKJTIOYMTETHO MHAYKIIVIS Ha OBYJIaINs, BbTpeMaTOd-
Ha mHcemmHanys (IUI), ma BUTpO ormioxmaHe, Kpu-
OKOHCepBallVsl Ha SAVIEKIeTKN ¥ CIIepMaTO30WIN,
KaKTO V1 TpaHcdep Ha CBeXN WIN 3aMpa3eHu eMOpn-
oHI. Bprpexn ToBa, Gellle morrycHaTa BB3MOXKHOCT,
B CJIy4ari ue OTHeJIHM IIeHTpoBe pasIioyiaraT ¢ Heoo-
XOOVMMUTe yCJIOBYS, Ja MpeleHsBaT ¥ pelllaBaT VMH-
OVBUIyaJTHO CjIy4daw, IIpU KOMTO TaKoBa jledeHve e
HaJIOXKMTEJTHO TIOPay OHKOJIOTVYHY IIPUYMHY, VIV
TaKyBa, TPV KOWTO OTJ/IaraHeTo Ha JIeueHVeTO MOXe
Ia IpUYVHY [IoBede Bpefa 3a IallveHTa (Hamp. Ia-
LIVIEHTV C M39epIiaH AMYHNKOB pe3epB).

IIpyauanTe 3a mpennpueMaHeTo Ha Te3W WM3BBH-
pemHM CTBIIKM BKJIIOYBAT M30srBaHe Ha BB3MOXKHU
YCIIOKHEHVSI OT JIeYeHWeTO C acuCTVpaHa Pperpo-
OyKIVS ¥ OpeMeHHOCT, KaKTO ¥ JIMIIcaTa Ha JTaHHU
OTHOCHO TIOT€HIWAIHV YCIOXHEHVs, CBBP3aHU C
OpeMeHHOCTTa M OIIaCeHMsI OTHOCHO BEPTMKAIHOTO
npegasade Ha COVID-19 xbM 11012 Ipy HOJIOXN-
TeJIHO AVIarHOCTUIIVIPaHy aleHT .

IInasnpane va APT B ycnosuara va COVID-19
B pesyiTaT Ha MHTeH3VMBHV HayYHV M3C/IeIBaH B
LIsUT CBSIT, OT Ha4daJIOTO Ha MaHIEeMMsTa, Ce IOsBABaT
Bce nmoBeue HOBM gaHHM 3a COVID-19 , xouTo 1103B0O-
JIABaT HOBVI PeayTHOCTV VI Bb3MOKHOCTVI B Pa3jINdIHNI
cTpaam 1 pernonn. HeoOxommmo e 11s710cTHO ITpeoc-
MUCIIsIHE Ha IIOBeIeHVeTO U IOJIUTUKUTE, ThI KaTo
ce ouyakBa HPOAB/DKUTEIEH IIepuof, Ha HaHIeMus
¥ OIlle e paHo J1a ce MUCIH 3a T.Hap. “post - COVID
era”. MHOrO Ba’keH MOMEHT IIpV OIIpefiesIsTHe Ha HO-
Bute crparternu 3a APT ce oTHacs [0 gBe KIIOYOBU
koHuenmmu Ha C30:
* IBppBO - Oe3wIoAMeTO e 3abosrsiBaHe 1 TpsOBa 1a
ce pasIvieXxzia KaTo TaKoBa.
* BTOPO, BCMUKMN XeHW TpsOBa Ja MoraT [a B3U-

MaT CaMOCTOSITeJTHVI peIleHNs Ipy oOMMCIIsTHe

Ha CeMelTHOTO IUIaHMpaHe JOPY B YCIIOBUsATa Ha

Tasu 6e3npenenentHa Kpmsa (WHO, 2019).
CriemoBaTeIHO CIIEITHO Ce W3WMCKBAT WHAVIBUILY-
aIM3MpaHy IIPeroOpbKY, KaTo ce B3eMaT HperaBu 1
TeoIoOIMTUYeCKITe CIeHapuu. lorsMara mwrema
npern IVF neaTpoBeTe e ch3maBaHeTO Ha Oe30ITacHM
YCIIOBMSL VI IPOBEXKAAaHEeTO Ha IPOLIeAy P, XapMOHVI-
3VIpaHM C MeCTHUTe IIPaBUTEeICTBEHN pa3nopenou n
ONTVIMM3VPAHN B TIOAKpeIla Ha Hy)KIaelnTe ce Ta-
et 4,
Beripexu de He ChINleCTBYBaT AOCTaThYHO TAaHHIN, Ce
IpvieMa 3a MaJIKO BepOsiTHa Bb3MOXKHOCTTa, IIPU Py-
TUHHWTE VMH-BUTPO IIPOIely PV 1a Ce OCBIIIECTB 3a-
pasdBaHe Ha CIIepMaTO30W/IN, OOLUTY ¥ eMOPVIOHN.
IIporenypure M3MCKBAT CUCTEMATUIHO M3MMBaHe U
00paboTka, KoeTo OV BKIIOYBAJIO 3HAUMUTEIHO pas-
pekmaHe Ha BCeKV IIpeJIioyiaraeM BUpPYC , aKo e Ip-
CbCTBasl B opurmHaiHMA MaTepnain (https://www.
eshre.eu/Press-Room/ESHRE-News). B mericTsu-
TeJTHOCT, MeXIyHapOIHWTe HACOKM 3a HaMaslsiBaHe
Ha pUCKa OT KPBCTOCAHO 3aMbpCsiBaHe B CITydanTe Ha
II0JIOBO IIpefaBaHy MHQEKITNY IIperophYBaT MHOTO-
KpaTHO M3MMBaHe Ha IIpoOuTe KaTo OCHOBHA CTpa-
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provided the necessary conditions, to assess and
decide individually cases in which such treatment is
necessary for oncological reasons, or those in which
delaying treatment may cause more harm to the
patient (patients with diminished ovarian reserve).
Thereasons for taking these emergency steps included
avoiding possible complications from assisted
reproduction and pregnancy treatment, as well as
lack of data on potential pregnancy complications and
concerns about vertical transmission of COVID-19 to
the fetus in positively diagnosed patients.

Planning of ART in COVID-19 conditions

As a result of intensive research around the world,
since the beginning of the pandemic, more and more
new data on COVID-19 have emerged, opening up
new realities and opportunities in different countries
and regions. A complete rethinking of behavior and
policies is needed, as a long period of pandemic is
expected and it is too early to think about the so-
called “post - COVID era”. A very important point
in defining new ART strategies relates to two key
concepts of the World Health Organization:

e first - infertility is a disease and should be
considered as such.

* second - all women should be able to make their
own decisions when considering family planning
even in the context of this unprecedented crisis
(WHO, 2019).

Therefore, individualized recommendations are
urgently required, taking into account geopolitical
scenarios. The big dilemma for IVF centers is to create
safe conditions and conduct procedures harmonized
with local government regulations and optimized to
support patients in need 4.

Despite the insufficiency of available data, the
possibility of infecting sperm, oocytes and embryos
with routine in vitro procedures is considered
unlikely. The procedures require systematic washing
and processing, which would facilitate a significant
dilution of any suspected virusif presentin the original
material (https:/ /www.eshre.eu/Press-Room/
ESHRE-News). In fact, international guidelines for
reducing the risk of cross-contamination in cases of
sexually transmitted infections recommend repeated
sample washing as the main strategy for reducing
viralload in biological samples (especially semen) and
risk management during IVF procedures. In addition,
the presumed role of Zona pellucida in protecting
against viruses and reducing the susceptibility of the
egg cell to viral infections must be taken into account
®.  Therefore, good universal standard laboratory
practices (standard operating procedures - SOPs)
for working with gametes and embryos have been
established in embryological laboratories, therefore
no significant technical changes are required in the
existing protocols for working with human gametes
and embryos.

Pathogenesis of SARS-CoV-2
Coronaviruses are a large family of viruses known to
cause symptoms ranging from the common cold to

3



Terus 3a HaMaJIsiBaHe Ha BMPYCHOTO HaTOBapBaHe B
OuosormyHMTe IPOOM (0COOEHO CeMeHHa TeYHOCT)
¥ yIIpaBjieHVe Ha pyicKa OT IIpefiaBaHe IO BpeMme Ha
IVF mponienypa. OcBeH ToBa TpsIOBa fla ce MMa IIpef-
B 1 IIpefIiojiaraeMara pojis Ha Zona pellucida B
3aIMTaTa Cpelry BUPYCH ¥ HaMasIssBaHe Ha YyBCTBI-
TeJTHOCTTa Ha sANIeKIeTKaTa KbM BUPYCHU MHQEK-
v ®. TTopagy ToBa B eMOpuioIornaHmTe 1aboparo-
Py ca yTBbpAeHM ToOpY YHMBEpCaIHN CTaHIAPTHNI
7abopaTOpHM MPaKTUKM (CTAaHZAPTHN OIepaTUBHNU
nporienypu - COII) mpu pabora ¢ rameTnt 1 eMOpm-
OHI, TIOPaZV KOeTO He ce HajlaraT 3HaYMTeJTHW TeX-
HWYeCKM IPOMeHV B CBIIeCTBYBAIUTe IIPOTOKOIN
3a paboTa ¢ JOBEIIKY raMeTH VI eMOPIMOHA.

ITaTtorenesa Ha SARS-CoV-2

Koponasupycure ca roiasiMo ceMevICTBO BUIPYCH, 3a
KOUTO € M3BeCTHO, Ye IIPUYIMHSBAT CMIITOMY, Bap-
pamy oT 0OMKHOBEeHa HACTMHKA A0 ITO-TEXKM 3a00-
JIABaHMS, KaTO TEXKMS OCTbP pecHypaTOpeH CVH/-
poM (SARS) 1 pecimpaTopen cuHapoM Ha CpemHust
m3Tok (MERS). KoponaBupychT Ha TeXKUS OCTBP
pectmpaTopen cunapoM (SARS-CoV) mpramamM or-
Huie Ha SARS B Kurair npes 2002 r. @19, mokaro
MERS xoponasupycsT (MERS-CoV) Gerrre marore-
HBT, OTTOBOPEH 3a OTHMINATa Ha TeXKITe pecrypa-
TopHM 3abosiBanus B CpegHus u3TOK Ipe3 2012 r.
M SARS-CoV-2 e cemmuar mpeHTHMULIMPAH WieH
OT CeMeVICTBOTO Ha KOpPOHaBUpPYyCUTe, MHQEKTMpa-
M YOBeKa, KaTO OCHOBHWUTE CHUMIITOMV BKJIFOUBAT
HOBUIIIeHa TeMIlepaTypa, KallUIUIla ¥ OTIaIHasIoCT,
mopgoOHy Ha Te3u cien mHpekmmsa ¢ SARS-CoV n
MERS-CoV (),

CamuTe KOpOHaBMPYCH ca MAaTPUYHY eHOBEPVDKHM
PHK Bupycu mpureXxaBariiy rojsiMa ImpoTenHoBa 00-
BUBKa, ChC CIIOCOOHOCT /ia 3apassgBaT Xopa M IIMPOK
Kpbr knBoTHU. SARS-CoV-2 npuHasiexn KbM poja
OeTa-KOpOHaBUPYC 1 MOXKe [a IIPOM3X0XAa OT BUPYC
y IIpWIen, Thil KaTo TeHOMHAaTa I10CIIe0BaTeTHOCT
Ha SARS-CoV-2 e mpubmmsurentHo 90% wmaeHTYHA
C Ta3u Ha KOpOHaBUMpYyca Ha IIpuIeniTe. 3a pasivKa
OT TOBA, FTeHETUYHMTE IT0CJ/IeI0BaTeTHOCTY Ha SARS-
CoV-2 mokasBaT camo okoyto 80% WMIeHTUYHOCT Ha
mocitegoBaTenHocTTa ¢ SARS-CoV m okomo 50% ¢
tasu Ha MERS-CoV 314,

SARS-CoV-2 wmma dyeTupw KIIOUOBM CTPYKTypPHU
IpoTenHa: HyK/IeoKaricuaeH mmporenH (N), mpoTens
B IIpUKpenBalluTe U3pacThim (S), MaTbK MeMOpaHeH
npotenH (SM) 1 MemOpaHeH rmKonpoTenH (M).
AnrmoreHsuH-KoHBepTUpamyaT ensuMm 2 (ACE2),
KOWITO ce eKCIIpecrpa BBPXY ajIBeojlapHWUTe eIv-
tesmay kieTkn vl [ u T II, e ocHoBHMAT pelien-
Top Ha SARS-CoV-2, xaro mH@eKTHpaHeTo TpIdm-
HsIBa pecIMpaTOpHM CYMIITOMMU U B KparHa CMeTKa
OCTBp pecrmpaTopeH cuHapoM. To3m perentop ce
eKCIIpecupa ChIIOo U B YepBaTa, MaKap ¥ C HVCKO KO-
JIMYIecTBO, M MHMeKIIMATa MOXe fIa oBefle, MaKap 1
IO-pefIKN CiIyday, 10 pa3CTPOVICTBO ¥ HOBPBIIaHe. S
MIPOTEMHBT e HeOOXOIMM, 3a Jla MOXKe BUPYCHT [1a Ha-
Bjle3e B KJIeTKaTa TOCTOIIPMEMHNK ITOCPeACTBOM pe-
LIeNITOP-CBBP3Balyisa JoMeH. To3u mpoTenH BKITIOYBa
nse cybemyamiy, S1 n S2, mpu xoeto S1 ompenerns
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more severe illnesses, such as severe acute respiratory
syndrome (SARS) and Middle East respiratory
syndrome (MERS). Severe Acute Respiratory
Syndrome Coronavirus (SARS-CoV) caused an
outbreak of SARS in China in 2002 © 1, while
MERS coronavirus (MERS-CoV) was the pathogen
responsible for outbreaks of severe respiratory
disease in the Middle East in 2012. ™ SARS-CoV-2
is the seventh identified member of the coronavirus
family, which infects humans, the main symptoms
of which include fever, cough and fatigue, similar to
those after infection with SARS-CoV and MERS-CoV
(12)

Coronaviruses themselves are matrix single-stranded
RNA viruses with a large protein envelope, capable
of infecting humans and a wide range of animals.
SARS-CoV-2 belongs to the beta-coronavirus family
and may be derived from virus in bats, as the
genomic sequence of SARS-CoV-2 is approximately
90% identical to that of a specific bat coronavirus. In
contrast, the genetic sequences of SARS-CoV-2 show
only about 80% sequence identity with SARS-CoV
and about 50% with that of MERS-CoV @314,
SARS-CoV-2 has four key structural proteins:
nucleocapsid protein (N), spike protein (S), small
envelope protein (SM), and membrane glycoprotein
M).

Angiotensin-converting enzyme 2 (ACE2), which is
expressed on typeland type Il alveolar epithelial cells,
is the major receptor for SARS-CoV-2, where infection
causes respiratory symptoms and ultimately acute
respiratory syndrome. This receptor is also expressed
in the intestines, although in small amounts, and in
rare cases infection can lead to disorder and vomiting.
The S protein is required for the virus to enter the
host cell via the receptor-binding domain. This
protein contains two subunits, S1 and S2, in which S1
determines cell tropism, while 52 is responsible for the
fusion of the virus envelope with the cell membrane.
After membrane fusion, viral RNA is released into
the cytoplasm and viral replication is initiated. The
newly formed virus particles then fuse with the
plasma membrane through virion-containing vesicles
to release the virus . Of particular importance is
the fact that SARS-CoV also uses ACE2 as a receptor
for cell entry; however, the ability of SARS-CoV-2
receptors to bind is 10 to 20 times higher than that
of SARS-CoV, which is why the number of SARS-
CoV-2 infections exceeded that of SARS infections
in 2002/ 2003, which confirms the high intensity of
infection. In addition, men tend to have higher ACE2
levels than women, and Asians show higher levels
of ACE2 expression in alveolar cells than Caucasians
and African Americans, suggesting that Asian men
are most susceptible to infection 9.

Is SARS-CoV-2 a challenge for the reproductive
system?

SARS-CoV-2 has been found in secretions in the
respiratory tract, saliva, gastrointestinal samples,
blood, feces, and urine ™. In the human reproductive
tract, the expression of the SARS-CoV-2 input
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KJIETbYHMS TPONU3BM, JOKaTo S2 e OTroBOpeH 3a
CrIMBaHeTo Ha MeMOpaHaTa Ha BUpyca ¢ KjleTbyHaTa
MeMmbpana. Crer; cBaHeTO Ha MeMOpaHaTa, BUpPYyC-
rata PHK ce ocBobo>XmaBa B ImToIriasMara v ce VHVI-
umupa BUpycHa pervmkaiiys. Cienr ToBa HOBOOOpa-
3yBaHWUTe BUPYCHM YacTUIIM Ce CIMBaT C IVIa3MeHaTa
MeMOpaHa IIpe3 BUPMOH-CBHIBPXKAIIM BE3VKYJIN, 3a
ma ocsobomsT Bupyca 9. Ot ocobeHO 3HaUeHMe e, ue
SARS-CoV cpmo msnomnssa n ACE2 xato penentop
3a HaBJIM3aHe B KJIETKUTE; CIIOCOOHOCTTA 3a CBhP3Ba-
He Ha penteritopuTe Ha SARS-CoV-2 obaue e 10 o 20
ObTU I10-BMCOKa OT Ta3u Ha SARS-CoV, nopanu xoe-
TO OposaT Ha nmHpeknmmTe cbc SARS-CoV-2 e HamBN-
Il To3 Ha nH@eknumTe Ha SARS mpes 2002 r. /
2003, xoeTO IIOTBBPXKOaBa BMUCOKMS MHTEH3UTET Ha
3apasgsae. OcBeH TOBa, MBbXeTe OOVIKHOBEHO VIMaT
mo-Bucokmu HuBa Ha ACE2 or XeHwuTe, a a3uaTmure
IOKasBaT I10-BMCOKM HyBa Ha excripecust Ha ACE2 B
ajJIBeoJIapHITE KJIETKM, OTKOJIKOTO XOpaTa OT OsiaTa
paca n adppoaMepuKaHIINTe, KOETO IIpeAIiosiara, Jge

as3smMaTCKNUTEe MbXXKe Ca Ha-TI01aTJIMBV KbM MHq)eKHMﬂ
(16)

IIpenmseukaresicreo amn e SARS-CoV-2 3a pernpo-
OyKTMBHATa crcTeMa

SARS-CoV-2 e OTKpUT B CeKpeTM B pecrmpaTop-
HWS TPaKT, CJIIOHKA, IPOoOM OT CTOMAIITHO-YPeBHMS
TpakT, KpbB, M3IIpaXHeHMs 1 ypuHa . B uosem-
KNSl PelpOAyKTVBEH TPaKT, eKCIIpecusATa Ha BXOf-
Hus perentop Ha SARS-CoV-2 - ACE2, na Ma4mHO
- (perariHaTa rpaHmIia, KaKTO M B OCHOBHITE Opra-
HM Ha IUIOfa, HMOpaXkia OIaceHVs 3a IOTeHIIMaIHO
BEepPTUKAaJIHO IIpefaBaHe ¥ IUIalleHTapHa OUCHYHK-
umst / abopt 8. Penmita KieTku B pasBuUBaIINTE Ce
YJOBEIIKM eMOPMOHM eKCIIpecupar perenTopure 3a
SARS-CoV-2, ceappXaT HEOOXOOVIMITE MEXaHV3MM
3a BUpYCHa MHTepHaJIM3allVsl ¥ peIvIvKalvs; ToBa
Hopakfa CXOHHM OIlaceHWs II0 OTHOIIeHVe KaKTO
Ha eMOPMOHAITHOTO, TaKa 1 Ha PeTaTHOTO pa3BUTIe
. TTpn mpxere, ACE2 penenropu ce chabpxar B
TeCTMKYJIapHaTa ThKaH, KaToO CBIIEeCTByBa BB3MOXK-
HOCT B cry4art Ha HocuTeictBo SARS-CoV-2 ma ce
ocBobomam B crrtepmara. Tosa 011 Masto 3a ITOCTIeI IV
IpefjaBaHe Ha BUpYca II0 IIOJIOB BT, C epeKkT BbpXy
paHHaTa OpeMeHHOCT ¥ PaHHOTO BBTPEyTPOOHO eM-
OpnoHasIHO pasBuUTHe.

ITo oTHOIIEHMe Ha cIlepMaTa, HAIMYHWUTE JaHHU 3a
BUPYCOHOCUTEJICTBO Ce OCHOBaBaT Ha JOKJIa[u OT OT-
HeJTHY CJIyvau VIV IPpoydBaHys IIPY MajIKu TPy
xopa. B koxopTHO npoyusaHe, nposesieHo B Kurarii,
HOBVAT KOPOHABUPYC € OTKPUT B CEMEeHHVI IIPO0TL OT
maryenTr ¢ COVID-19, xkakTo B ocTpaTa (Ham-4ecTo
vgeHTUdMIIMpPaHa), Taka 11 BbB pazaTa Ha Bb3CTaHO-
BsaBaHe ®. 3a pasiuka, B Apyru nsciensanus SARS
-CoV- 2 He e 0w ngeHTHdUIIMPaH B criepMaTa 8 n
30 mHu e rocraBgHe Ha auaraoza COVID-19 @,
IIpoTmBOpeumBUTEe pe3ynTaTi IOKa3BaT HeoOXomm-
MOCTTa OT II0-OOXBaTHM IIpOyYBaHWMSA Ha CeMeHeH
MaTepuas, KOUTO Jla IMOTBbPAAT HaIN4IMeTO Ha BU-
pyca B criepMara, KaKTO M IPOIB/DKUTEIHOCTTa Ha
eKCKpelsTa My C OIJIe[l pUCKOBeTe 3a IIpelaBaHe
4Jpe3 ceKcyasleH KOHTaKT.
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receptor - ACE2, at the maternal-fetal border, as well
as in the main organs of the fetus, raises concerns
about potential vertical transmission and placental
dysfunction / abortion ™. A number of cells in
developing human embryos express SARS-CoV-2
receptors, containing the necessary mechanisms
for viral internalization and replication; the fact
raises similar concerns about both embryonic and
fetal development ™. In men, ACE2 receptors are
present in the testicular tissue and may be released
into the semen in case being a SARS-CoV-2 carrier.
This would result in sexual transmission of the virus,
with an effect on early pregnancy and early fetal
development.

With regard to semen, the available virus carriage
data are based on case reports or studies in small
groups of people. In a cohort study conducted in
China, the new coronavirus was detected in semen
samples from patients with COVID-19, both in the
acute (most commonly identified) and in the recovery
phase @. In contrast to that, in other studies, SARS-
CoV-2 was not identified in semen 8 and 30 days
after diagnosis of COVID-19 ®. Contradictory results
indicate the need for more extensive studies of semen
to confirm the presence of the virus therein, as well
as the duration of its excretion in view of the risks of
sexual transmission.

In mature egg cells, the theoretical possibility of
SARS-CoV-2 presence due to mechanisms involving
the co-expression of angiotensin-converting enzyme
2 (ACE2) and transmembrane serine protease
2 (TMPRSS2) raises many questions without a
definitive answer. In fact, a new study does not
confirm co-expression of ACE2 and TMPRSS2 in
testicular cells (including sperm), ovarian cells of
non-human primates, and human cumulus cells @,
However, these data do not exclude the possibility
of transmission of the virus during simultaneous
storage of egg cells from infected and uninfected
women in the same liquid nitrogen container.

COVID-19 and pregnancy

There are currently no studies proving severe
infectious or gynecological complications caused by
COVID-19 during the first trimester of pregnancy
and there is no information on the potential effects
of the infection on pregnancy in early stages. As
for other coronavirus epidemics, SARS and MERS,
no correlation was found with the incidence of
malformations. However, it should be taken in
consideration that the clinical course of COVID-19
and the response to treatment appear to be different
from those of previous epidemics with other types
of coronaviruses * ), therefore it is necessary to
consider measures to control infection in cases of
pregnancy. There is a need for further research to
understand the pathogenesis and epidemiology of
SARS-CoV-2 during pregnancy, including aspects
such as maternal infection time, gestational age,
the effects of concomitant factors and the frequency
of adverse outcomes. At this stage, preliminary
observations in pregnant women infected with SARS-
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B 3pemu sviexieTky, TeopeTwdHaTa BB3MOXKHOCT
3a Hamume Ha SARS-CoV-2, gwipkaiia ce Ha Mexa-
HWU3MM, BKIIOYBAIIV KO-eKCIIpecusiTa Ha aHTVOTeH-
suH-KoHBepTHpamusd eHsuM 2 (ACE2) 1 TpancMem-
Opannara cepnroBa mporteasa 2 (TMPRSS2), mocrass
MHOTO BBIIpocu 0e3 gedrHUTMBEH OTroBop. Bebi-
HOCT, HOBO IpOydYBaHe He IIOTBbp)KIaBa KO-eKC-
npecus Ha ACE2 m TMPRSS2 B Kj1eTku Ha TecTuca
(BKITIOUMTEITHO CIIEPMATO30U/N), B AMTYHMKOBY KJIeT-
KVI OT HEUOBEKOITOIOOHVI IPVIMAaTV VI YOBEIIIKM KyMy-
mycHM K1eTkm 3. Bce mak Te3u JaHHM He M3KITIOUBAT
BB3MOKHOCTTA 3a IIpeXBBbPIIAHe Ha BUpYyca IO BpeMe
Ha ChXpaHSBaHETO eJHOBEPEeMHHO Ha SAVIIEeKJIeTKN
OT 3apa3eH ¥ HeMH@eKTUpaHV )KeH B eAVH U ChIIT
KOHTEeVHEep C a3oT.

COVID-19 1 6pemenHoct

3acera HsMa IIpOydYBaHMSA AOKa3BalllMl TEeXKM VH-

pexIo3H IV TMHEKOJIOTVYHM YCIIOXKHEHM: IIpe3

IIbPBUS TPUMECThP Ha OpeMeHHOCTTa IIpUYMHEHN

ot COVID-19 n nmrica mHOpMaIi 3a IIOTeHITMal-

HUTe edpeKTV Ha MHEKIIMITa BbpXy OpeMeHHOCTTa

npe3 HavdayiHUTe eTamn. Ilo oTHomeHme Ha Apyrm

KopoHasupycHwu ermpemyn - SARS 1 MERS, ne e yc-

TaHOBeHa KopeJIals ¢ 9ecToTaTa Ha MasipopMariun.

Bce mak Tpsi6Ba ma ce vMa IpedBul, e KIVHUYH-

ar xon, Ha COVID-19 1 oTroBopbsT Opu JIeUeHUEeTO

V3IJIeXa ce pasIndaBaT OT Te3U IIPY HpPeduIIH-

Te emVIeMUN C APYIV BUIOBe KOpoHaBupycu * 29,

IopaaM KOeTo e HeoOxommmo a OpaaT cbo0paseHm

MepKWuTe 3a KOHTpOJIMpaHe Ha MH@EeKIVATa B CJIyda-

ute Ha OpemenHoCT. ChIIlecTByBa HEOOXOOAMMOCT OT

OOIBIIHUTEIHM M3C/IeIBaHMs, 3a Jla ce pasOepe Ta-

TOoreHesara 1 enumgeMmosiorusta Ha SARS--CoV-2 mmo

BpeMe Ha OpeMeHHOCT, BKIIIOUMTEITHO acTeKTi KaTo

BpeMeTO Ha MH(eKTUpaHe Ha MariKaTa, FecTaIlioH-

HaTa Bb3pacT, epeKTuTe Ha ChITBTCTBAIIM (pakToOpu

¥ yecToTaTa Ha HeOarompusaTanTe nsxonu. Ha tosn

eTall IpeABapuUTeSIHUTe HaOIIOAeHMs BBbPXy Ope-

MeHHM >XeHM, nH@ekTnpanu ¢ SARS-CoV-2, npen-

rosjiaraT ONTMMMCTMYHA IIepPCIeKTVBa IO OTHOIIe-

HVie Ha KIVHWYHYS X0, IIpV OpeMeHH.

KbM mebnmaronmpuarauTe ¢akTopy IO OTHOIIe-

H1e Ha OpeMeHHOCTTa, CBbP3aHM C IaHAeMusTa Ha

COVID-19, e HayiMmumeTo Ha CWJIEH IICMXOJIOTMYECKU

CTpec 1 Oe3MOKOVICTBO cpef, O0IIecTBOTO KaTo IISUIO.

ITpobmemurTe Ipy GpeMeHHNMTE XeHV BKJIFOUBAT:

* IPUCBHCTBIE Ha WIEHOBE Ha CeMeVICTBOTO, Ha KO-
TO ca ITOCTaBeH! KapaHTVHHY OrpaHIeHs,

* noreHnuajaHo usjnarane Ha SARS-CoV-2 o Bpe-
Me Ha ITOCelleHNs TP JIeKapl,

* IIOTeHIIMa/IHa 3aIllaxa 3a IIpeXXIeBpeMeHHO IIpe-
KbCBaHe Ha OpeMeHHOCTTa Ype311e3apoBO CeueHe;

* IIOCTOSIHHA yIioTpeba Ha HaTpVeB XUIIOXJIOPUT U
aJIKOXOJI KaTo Ae3MH(eKTaHTy, KOUTO MOorar aa
OKa3BaT TOKCMYHW eeKTw,

* IIOTeHIIMaIHM YCJIOKHEHVIS Cjlef] pakgaHeTo, Ha-
HpuMep IIO BpeMe Ha KbpPMeHe VIV IPVDKUTe 3a
HOBOPOJIEHOTO ®,

VimyHocyTipecusiTa M APYTM (PU3MOJIOTMYHM IIPO-

MeHM II0 BpeMeTO Ha OpeMeHHOCTTa MoraT Aa Ipu-

YMHSAT BUCOKA YYBCTBUTEIHOCT KM PeCIMpPaTOpHNU
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CoV-2 suggest an optimistic outlook for the clinical
course in pregnant women.
Among the adverse pregnancy factors associated
with COVID-19 pandemic is the presence of severe
psychological stress and anxiety in society as a whole.
Problems with pregnant women include:
* presence of family members subject to quarantine
restrictions,
* potential exposure to SARS-CoV-2 during visits to
doctors,
* potential threat of premature termination of
pregnancy by cesarean section,
* constant use of sodium hypochlorite and alcohol
as disinfectants that may have toxic effects,
* potential postpartum complications, e.g. during
breastfeeding or newborn care ®.
Immunosuppression and other physiological changes
during pregnancy can cause high susceptibility to
respiratory pathogens and severe pneumonia in
pregnant women @), followed by hospitalization
for intensive care and lung ventilation. Hormone
levels and immune competence vary in the course
of pregnancy. Early pregnancy appears to be more
at risk due to adaptive changes in the fetal antigen
response. The condition stabilizes with the gradual
adaptation of the mother’s immune and endocrine
systems, having highest stability in the late stages
of pregnancy. Early pregnancy is a critical period
for fetal development, and at this stage the immune
system is particularly sensitive, which can affect the
course of a possible infection ®. Data from previous
epidemics of respiratory viruses may provide some
guidance on susceptibility to COVID-19 and the
extent of complications during pregnancy.
For example, the influenza A (HIN1) virus (the so
called ,swine flu”) can cause a respiratory illness
that can develop into an acute respiratory syndrome.
During the 2009 HIN1 epidemic, pregnant women
were found to be at higher risk of complications, as
they were four times more likely to be hospitalized
than the rest of the population ®. As for other
coronaviruses, the SARS epidemic in 2002/2003
resulted in 8,442 cases and 916 deaths, and studies
show that clinical outcomes during this epidemic
were worse in pregnant women as opposed to
women, that were not pregnant. In addition, a
trend of increased growth in preterm births and
abortions associated with SARS-CoV infection was
revealed @. Approximately 50% of pregnant women
with SARS-CoV required intensive treatment, and
approximately 33% required mechanical ventilation.
Mortality in pregnant women with SARS has reached
25% ). Although there is no evidence of vertical
transmission of MERS or SARS, it can be assumed
that SARS-CoV and MERS-CoV infections, as well as
H1NT1, are associated with a higher complication rate
in pregnant women .
Although the COVID-19 epidemic continues and data
are limited, recent reports indicate that the clinical
features reported in pregnant women with confirmed
SARS-CoV-2 infections are similar to those in non-
pregnant women with COVID-19 pneumonia and
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ITaTOTeHN VI TeXKKI ITHeBMOHWUM TPV OpeMeHHM KeHN
29, ¢ rrocreBala XOCHUTAIM3AlMS 38 MHTEeH3VB-
HO JIedeHVe ¥ BeHTWIallisg. XOpPMOHaJIHWTe HIUBa U
VMyHHAaTa KOMIIETeHTHOCT Ce ABVDKAT B Pas/IMIHM
rpaHMIM B Xofa Ha OpemeHHocTTa. PaHHaTa Ope-
MEeHHOCT M3IJIeX[a MO-IIofaTInBa Ha PUCK HOopaan
afanTMBHWUTe IIPOMEHN B OTTOBOpa Ha deTasiHuUTe
a"TureHn. ChCTOSAHMETO ce cTabwimMsmpa C IIOCTe-
IIeHHOTO aflanTpaHe Ha MMyHaTa ¥ eHIOKpVMHHaTa
crucTeMa Ha MarKara, KaTo ce OT/IM4aBa C Havi-BMCOKa
CTaOMITHOCT B KECHUTE eTaly Ha OpeMeHHOCTTa. Pan-
HaTa OpeMeHHOCT e KPUTWUYeH IIepuo, 3a Pa3BUTHe-
TO Ha IDIOZa, KaTo Ha TO3M eTal MMyHHaTa crcTeMa
e 0cobeHO UyBCTBUTEIIHA, KOETO MOXKe Jla ce OTpasu
BBPXY XOJla Ha eBeHTyastHa mHbexrmsa *). [lananTte
OT HPeAUIITHY enVAeMUlt ¢ PeCIMPaTOPHU BUPYCU
MoraT fa JafaT HSAKOM HaCOKV OTHOCHO UyBCTBUTEII-
Hocrra KbM COVID-19 11 cTeneHTa Ha yCJIOKHeHMATa
II0 BpeMe Ha OpeMeHHOCTTa.

Taxa Harmpumep, BupycsT Ha rpym A (H1IN1) (,cBum-
CKM rpuIl”’) MOXKe Aa IPUYMHY PecIpaTopHO 3ab0-
JIIBaHe, KOETO MOXKe Jla Ce pasBlie B OCThp pecHypa-
TopeH cuHapoMm. ITo Bpeme Ha entmpgemmsaTa ot HIN1
npe3 2009 r. e OwiIo ycTaHOBeHO, Ye OpeMeHHWTe
JKeHU ca M3JI0)KeHN Ha TI0-BMCOK PVICK OT yCJIOXKHe-
HWSI, TBY KaTo e ChIIecTByBasla YeTHPUKPATHO II0-
rojsiMa BepOSITHOCT Aa OBbIaT XOCIUTaIM3MpPaH OT
OCTaHaJIaTa YacT oT HacesleHeTo ¥, [To oTHOIIEHME
Ha IpyTv KOpOHaBUpYyCH, enugeMusTa oT SARS npes
2002/2003 r. e mosesta mo 8 442 ciyyasi 1 916 cMbpTHNI
CJIydas, a Ipoy4YBaHMATa IIOKa3BaT, Ye KIMHIIHWTE
pe3ysITaTyi II0 BpeMe Ha Ta3V elvIeMys ca II0-JIOIIN
npv 6GpeMeHHM )XeHV, OTKOJIKOTO IIpy HeOpeMeHHM
JKeH!. B morrbIHeHMe e oT9eTeHa TeHIEHIIV 3a YBe-
JIMYeH PBCT Ha IIpeXXaeBpeMeHHNTe paXkaaHus 1 ad-
optit cebp3anHu cbc SARS-CoV mnbexnusa @). Ipu-
omsurenHo 50% oT OpeMeHHMTe JKeHWM, CTpafaIln
ot SARS-CoV, ca ce HyXgaeau OT MHTEH3VBHO JIe-
4JeHMe, a IpuoIm3uTeTHo Ipn 33% e Orla HaIoXMN-
TeJTHa MexaHWdYHa BeHTwIanys. CMBpTHOCTTa Ipu
OpemernH XXeHN, cTpamamy oT SARS, e mocTurHama
25% @), BeIIpeKn de JIMIICBAT JAHHV 3a BEPTUKAIHO
npenasane Ha MERS v SARS, Moxe fa ce ripueMe,
qe mHPeknumre ¢ SARS-CoV 1 MERS-CoV, xakTo
gopu 1 HIN1, ca cBbp3aHm ¢ IO-BUCOK ITPOLIEHT Ha
yCI10KHeHWs ITpu OpeMeHHM XeHM @),

Boenpexn ve enemuara or COVID-19 mpobipkasa
¥ JaHHWUTe ca OrpaHYeHY, ITOCJIeTHITe JOKITazN I10-
KasBart, 4e KIIMHIYHWTE XapaKTepPVUCTUK, ChOOIIIeHN
npu OpeMeHHM JXeHW C HMOTBbpAeHM MHMeKImm ¢
SARS-CoV-2, ca momobHM Ha Te3n Ipu HeOpeMeHHM
xenu ¢ nHeBMoHMS COVID-19 1 HsaMa gokasarteri-
CTBa Ha BepTuKajHO npefasaHe Ha SARS -CoV-2 B
Kpasi Ha OpeMeHHOCTTa. B pesynrar Ha ChbBMeCTHO
npoyusane, nposefeHo ot C30 n Kuran, mpyu koeto
ca v3ciienBaHu 147 marMeHTH, ce CTura 0 3aKJIroude-
HMeTo, ye bpemennume xeuu ¢ COVID-19 ne ca u3-
A0KeHu Ha no-Bucox puck om pa3bumue Ha mexKu
cumnmomu ). PesynraTuTe ca IOIKpeNeHM W OT
HeBeT IPYyTV IO-MaJIKV IIPpOyYBaHM C MalVieHTH B
pasnuuen TpuMecTep. [okimagBaHM ca egVHWYHN
CJIyday Ha HOBOpOmeHW ¢ Hamwuuu IgM anTturerna
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there is no evidence of vertical transmission of SARS
-CoV-2 in late pregnancy. A joint study conducted by
the WHO and China, which examined 147 patients,
concluded that pregnant women with COVID-19
were not at higher risk of developing severe symptoms
0. The results are supported by nine other smaller
studies with patients in different trimesters. Isolated
cases of neonates with IgM antibodies to SARS-Cov-2
in the serum (non-transplacental) have been reported
in 2020 by Zeng H et al., suggesting possible infection
in utero.

Although clinical data on COVID-19 are reassuring,
adaptive physiological changes during pregnancy
are generally considered to be potential factors
for vulnerability to any type of infection. So as
a precaution, more attention should be paid to
pregnant women, that are infected, as is done for any
other virus, until more reliable data are obtained.
It is worth mentioning that by now there are no
conclusions about the ideal gestational age or method
of birth, which should be individualized on the basis
of gynecological indications, at least in clinically
stable women.

Is COVID-19 a threat to the male reproductive
system?

It seems, that the major entry route of SARS-Cov-2
into cells appears to be via the viral protein (S),
attaching to the ACE2 receptor and using the
cellular transmembrane serine protease TMPRSS2
©Y. Both ACE2 and TMPRSS2 are present in the
testes, so testicular infection and subsequent sexual
transmission are becoming a growing concern.
Unfortunately, in previous studies to analyze SARS-
CoV-2 in semen or testicular biopsies, no appropriate
controls were applied, as patients suffered from
mostly mild infections and were tested several weeks
after the infection, which did not allow results to be
interpreted unambiguously.

In a study conducted in 34 men, 25 to 75 days after
a relatively mild initial infection with SARS-Cov-2,
RT-PCR analysis showed the absence of the virus
in semen ©?. Although encouraging, these results
cannot be summarized for men suffering from severe
infections. Apart from that, there are a number of
technical limitations regarding the interpretation
of the PCR test such as low sensitivity of detection,
lack of quantitative data on viral load, data on the
presence of a functional envelope, etc. In another
study with 38 men ¥, 23 of them (60.5%) were after
clinical recovery, while 15 (39.5%) were in the acute
stage of infection. In six patients (15.8%), semen was
SARS-CoV-2 positive, which included both recovered
patients and those in the acute stage of infection.
In order to make more adequate conclusions, it is
necessary in such studies to take into account the
determination of viral load, i.e. to have a quantitative
assessment.

In similar viruses, such as human immunodeficiency
virus (HIV) and cytomegalovirus, viral secretion is
possible in semen if the viral load is high due to the
severity of the infection ®*. This would be essential if
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cpemy SARS-Cov-2 B cepyma (KOMTO He MMHaBaT
TpaHCIUIaIleHTapHO), HacoYBaIl KbM Bb3MOXKHO 3a-
pasgsage in utero (Zeng H et al., 2020).

Boenpexn ye kimHyaaMTe tanHn 32 COVID-19 ca yc-
ITOKOSBAIIV, afalITVBHNUTE (PV3MOIOTMIHIN IPOMEHN
10 BpeMe Ha OpeMeHHOCTTa OOMKHOBEHO Ce CUMTaT
3a HOTeHIMaTHY (PaKTOPW Ha ySI3BMMOCT KBbM BCSIKa-
KB BU/I, MHQeKIMs. Taka de, KaTo IIpeAIiasHa MIpKa,
TpsiOBa 1a ce 0OBpHe IIOBeYe BHMMaHIe Ha OpeMeH-
HVITe XXeHM HOCeIV MH(PEeKIVIs, KaKTO TOBA Ce IIPaBI
3a BCeKV APYT BUPYC, HOKATO He Ce IOoJIydar I0-Ha-
nexmay gaHHn. CTpyBa cu [1a ce CIIOMeHe, Ye KbM
[HeIITHA [1JaTa HAMa 3aKII09eHMs OTHOCHO MIleasTHa-
Ta TecTalVIOHHA BB3PacT WIM HAYMH Ha paKIaHe,
KOUTO TpsbBa Aa ObHaT MHAVBUAYyaIM3WpaHU BB3
OCHOBA Ha I'MHEKOJIOTMYHM IIOKa3aHWs, IIOHe IHpu
KITVMHWYIHO CTaOVUIHY JKEeHM.

3anytaxa 1 e COVID-19 3a MB>XKaTa penpoayk-
TUBHAa CMCTeMa

Vsrimexma, de OCHOBHMS HauWMH 3a HapjIM3aHe Ha
SARS-Cov-2 B KJIETKUTe ce MU3BBbpLIBa [10CPEACTBOM
BUpYyCcHMSA IpoTenH (S), mpukpemnsanky ce KbM ACE2
pelieriTopa ¥ W3MOI3BAll KIeTbYHATA TPAHCMEM-
OpanHa cepuHoBa Iporeaza TMPRSS2 ©). Kakro
ACE2, taka m TMPRSS2 npuckcTBar 1 B TecTucu-
Te, TaKa 4ue MHQEKINS Ha TECTVICKTE U II0CIIeBAIIIO
IIpellaBaHe II0 IIOJIOB ITBT IIPUIOOMBAT BCe IIO-TO-
JIIMa 3arPVDKEHOCT. 3a ChXajleHVe, B JOCeTalTHIATe
npoyusanus 3a aHamms Ha SARS-CoV-2 B cemenHa
TEeYHOCT VUV TeCTMKYJIapHU OMOIICHN, He ca U303~
BaHM IIOAXOMSIIV KOHTPOJIV, KaTo IAIlMeHTUTe ca
CTpamav OT IPeAVMHO JIeK MHQEeKII 1 ca ovm
TeCTBaHV HSIKOJIKO CEIMMUIIN CJlel] YCTaHOBSBaHe Ha
3apassiBaHeTo, KOeTO He II03BOJIsIBa pe3yJITaTHUTe [1a
Ce VIHTepIIpeTpaT eIHO3HAYHO.

B npoyusane, nposesieno npu 34 mbxe 25 10 75 qHU
CJle]l yCTaHOBEHA CPaBHUTEIIHO JIeKa IIbpBOHAYaIIHA
mHekmsa ¢b¢ SARS-Cov-2, RT-PCR a"Hamm3bT m0-
KasBa JIMIICaTa Ha BUpPYyC B crepMara ©?. Belpekn
de ca oOHameXXIaBally, Te3U pe3yJITaTii He MoraT 1ia
Opamar 00obmIeHN 11 3a MBXe, CTPafalIy OT TeXKU
vHexy. OTHeIHO OT TOBA, CHIIECTBYBAT PeluIia
TeXHIYIEeCKM OrpaHVUeHNs 10 OTHOILIEeHWe VHTep-
npetanyaTa Ha PCR TecTa KaTo HMCKa 4yBCTBUTEII-
HOCT Ha JeTeKLs, JINIICa Ha KOJIMUeCTBeHN JaHHU
3a BMpYyCHATa HaTOBAPeHOCT, JaHHW 3a HajIMdlie Ha
dyHKIMOHAHA 00BMBKA ¥ T.H. B Ipyro mpoyusate
c 38 mpxe ¥, 23 or Tax (60.5%) ca Owm cten K-
HIYHO BB3CTaHOBsIBaHe, oKaTo 15 (39.5%) ca 6t B
ocTpwst cTafgyit Ha vHMeKIsTa. [Tpy mect mamyeH-
Ta (15.8%), cmepmara e SARS-CoV-2 momoxurenHa,
KOeTO BKJIFOUBA, KAKTO Bb3CTAHOBEHV, TaKa W IIallu-
€HTVI B OCTBP CTaauit Ha MHQeKIMITa. 3a Aa ObaaT
HallpaBeHM I10-afleKBaTHVI 3aK/II0UeH s, € HeOOXOmu-
MO Hp¥ ITOHOOHM IPOyYBaHMS Ja Ce VIMa IIPenBLI
L Ollpelie/IsiHe Ha BUpPYCHATa HATOBAPEeHOCT, T.e. [1a
VIMa ¥ KOJIVYeCTBeHa OLIeHKa.

ITpu momoOHM BUpyCH, KaTo HalIp. BUIPYCa Ha YOBelll-
Ka MIMyHHa HefocTaTbaHOoCT (XVIB) 1 minToMerasnosm-
PYC, € BB3MOXKHO BUPYCHO OTIEJISIHe B CllepMaTa, ako
BIPYCHOTO HAaTOBAapPBaHe € BIUCOKO, II0OPa/IV TEXeCTTa
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the haemato-testicular barrier was compromised by
systemic local inflammation or for some other reason.
In the testis, the barrier creates an immune privilege
over the immunogenic germ cells and can protect
them from some systemic viral infections. Mumps,
HIV, human herpesvirus-8, Ebola, and Zika viruses
have been proven to cross the blood-testis barrier
and elicit an immune response in the testis ¢®. In the
case of mumps, men may develop orchitis, which is
associated with testicular atrophy and azoospermia
©9. In fact, there are reports linking SARS infection
and orchitis 9.

Itis also important to study the condition of the ACE 2
receptors themselves and their filtering ability against
the whole virus. It seems unlikely that the entire 70-
90 nm virus would break the blood-testis barrier.
The mere presence of viral RNA or viral particles
in a semen sample does not mean that the disease is
sexually transmitted ©9. SARS-CoV-2 is considered
unlikely to replicate in the male reproductive tract.
Therefore, no definitive conclusions can be drawn
regarding the sexual transmission of SARS-CoV-2,
but it makes sense to use barrier protection to
minimize sexually transmitted diseases in general.
Discovering the mechanism of entry of SARS-CoV-2
into semen and testis would help in assessing the
early effects on male reproductive function. On the
other hand, the impact of SARS-CoV-2-related stress
and tension, manifested in reduced sperm quality,
cannot be underestimated. Limited small studies
on seminal plasma and testicular tissue have so far
been unable to provide guidance on sexual practices
or reproduction. More comprehensive studies are
needed, using validated diagnostic procedures at
different stages of infection, the inclusion of controls,
and parallel samples of the main target respiratory
tissue, proven to contain viral RNA.

COVID-19 and assisted reproduction treatment

In view of the current COVID-19 pandemic and the
uncertainty about the effects of SARS-CoV-2 on the
mother and fetus during pregnancy, international
reproductive associations have published a number
of guidelines and recommendations for patients
who are currently or will be be treated for infertility
through Assisted Reproductive Technology (ART).
On 12 March 2020, the International Federation
of Fertility Associations (IFFS) recommended that
patients who are considering pregnancy or who are
currently being treated for infertility should consult
their GP about planning further steps ¢”. On the same
day, the American Society for Reproductive Medicine
(ASRM) published a newsletter recommending
patients who are highly likely to have COVID-19
disease (i.e. patients who have a positive SARS-
CoV-2 test or who have been exposed to a confirmed
COVID -19 case within 14 days of the onset of their
symptoms) to consider freezing oocytes or embryos
and to avoid embryo transfer until fully recovered.
The document emphasizes that the measures are
not mandatory in suspected cases of COVID-19, as
the symptoms of COVID-19 are very similar to those
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Ha mHpexumsaTa 9. Toa O OwIo OT ChIECTBEHO
3HaueHMe, ako KPBBHO-TECTMCHaTa Oaprepa e KOM-
IIpOMeTMpaHa OT CUCTEMHO JIOKAJIHO BB3IIaJIeHVIe
VTV TIO ZIpyTa IpwdanHa. B TectmcuTe 6apnepara cb3-
JaBa MIMyHHa IIPVBWIETTIs IT0 OTHOIIIeHVIe Ha IMYyHO-
TeHHITe 3aPOINIITHY KJIeTKM VI MOXKe a TV ITpeIasn
OT HAKOW CYICTeMHM BUPYCHM MHMeKImm. YcTaHoBe-
HO e, ye napoTtutHuAT Bupyc, XVB, dosemkn xep-
recsupyc-8, Bupycure EGosa 11 3uka ca B CbCTOSIHIIE
Jla mpeMMHAT IIpe3 KPBBHO-TECTVICHaTa Oapuepa 1 ga
Hpenv3BUKaT MMYHeH OTroBop B Tectmca . B ciy-
yar Ha IIapOTUT, MBXETe MOraT Ia pasBVAT OPXUT,
KOWMTO € CBBP3aH ¢ aTpodrisd Ha TeCTVICUTE M a300C-
rrepmyst 4. B eVIcTBUTEITHOCT ChIIeCTBYBAT ChOOIIIe-
HMsI, KOUTO cBBp3BaT SARS mHbexima n opxur 9,
Baxxto e n nscrensane cbcrossamero Ha cammre ACE
2 perenrTopu M TAXHATA (PUITTpMpalIia CrrocooHOCT
[0 OTHOIIIEHMe Ha Iens BUpyc. VI3miexma Mainko
BEPOSITHO LeJINAT BUpYC ¢ pasmep 70-90 nm fga Hapy-
IV KPBBHO-TeCTMCHaTa Oapmepa. CaMOTO TIPMUCHCT-
Bre Ha BupycHa PHK vt BupycHu yactuim B mpo-
OaTa OT cItepMa He 03Ha4aBa, de 0OJIeCTTa Ce Ipeasa
110 1107108 rbT %, Cumra ce 3a MajIko BeposiTHO SARS-
CoV-2 51a ce perumiypa B penpoAyKTUBHUSA TPaKT
Ha MBbXeTe. CretoBaTeTHO, He MOTAT [ja Ce HaIIPaBsIT
KaTerOPMYHY 3aK/TI0UeHs] OTHOCHO IIpeZlaBaHeTo Ha
SARS-CoV-2 110 110J10B IIbT, HO MMa CMMCHII J1a Ce W3-
osI3Ba OaprepHa 3aInTa 3a MMHUMM3VIpaHe Ha I10-
JIOBO TIpefaBaHMTe OOJIeCTVI KaTo IISUIO.
PaskpmBaHeTo Ha MexaHM3Ma Ha HaB/IM3aHe Ha
SARS-CoV-2 B crrlepMara m TecTHCUTe OV ITOMOTHa-
JI0 TIpM OIleHKaTa Ha PaHHOTO BB3IEVICTBUE BBPXY
pernponykTmBHaTa PyHKIMS Ha MbxeTe. OT gpyra
CTpaHa, BB3EVCTBMETO Ha CBbp3aHMs cbc SARS-
CoV-2 cTpec 1 HanpexeHue, IPOsIBABALLN Ce B IIO-
HVDKEHO KadeCcTBO Ha cCIlepMara, He Moxe Aa Obae
nopaueHsasaHo. OrpaHnyeHNUTe MaJIKV IPOyYBaHUS
BBPXY CeMeHHaTa IUIa3Ma ¥ TeCTVCHUTe A0 TO3W MO-
MeHT He ca B CbCTOSHIE Aa JafaT HaCOKVM OTHOCHO
CeKCyaJyTHMUTe IpaKTWUKM IV penpomykmysita. He-
obxomyMu ca T10-00XBaTHM IIPOYYBaHM, C M3IIOMI3-
BaHe Ha BaJIMOMPaHV AVAarHOCTWYHN IPOIenypu B
PasTIMUHM CTagmMy Ha MHEKIMATA, BKIIOUBaHe Ha
KOHTPOJII, KaKTO ¥ TTapaJIe;THy IpoOM OT OCHOBHATa
TapreTHa pecHMpaTOpHa ThKaH, JOKa3aHO ChIbpiKa-
ma supycHa PHK.

COVID-19 n 1eveHme upe3 acuCTHpaHa perpoayKIys
C omren Ha Hacrosiata manmemmus Ha COVID-19
¥ HeCUTYpPHOCTTa IIO OTHOIIeHWe Ha edeKTuTe Ha
SARS-CoV-2 Bppxy MalKaTa ¥ IUIOJIa 110 BpeMe Ha
OpeMeHHOCT, MeXIyHapOIHWMTE acOIlMalNiL II0 pe-
MPOIyKIVIS Iy OJIMKYBaT peAyiia HACOKM Y IIPeriophb-
KV 110 OTHOIIIEHME Ha MalleHTITe, KOUTO B MOMEHTA
ca vwin 111e ObaaT IIOIOXKEeHY Ha JieueHe Ha 0e3IuIo-
Ive upe3 AcCUCTHpaHV PepOIyKTVBHY TEXHOIOT N
(ART) .

Ha 12 mapt 2020 r. MexnyHnaponHarta deneparyst
Ha acormanymTe 110 pepTromret (IFFS) mpenopbua
3a TIAlVIEeHTUTe, KOUTO OOMMCIST OpeMeHHOCT WUV
KOMTO B MOMEHTA Ca Ha JiedeHue 3a Oe3rviomue, ga
ce KOHCYJITMpAT C JIMIHMS CU JIeKap 3a IUIaHVpaHe
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of other more common forms of respiratory disease

M. On March 17, 2020, the ASRM published a new

document entitled “Patient Control and Clinical

Recommendations during the Coronavirus Pandemic

(COVID-19)”, in which the main recommendations

are:

* Discontinuation of new treatment cycles, including
ovulation induction, intrauterine insemination
(IUI), in vitro fertilization (IVF), including embryo
retrieval ~and  freezing, and  optional
cryopreservation of gametes.

* Cancellation of all embryo transfers, with fresh or
frozen embryos.

* Continuation of care for patients who have already
started a stimulation cycle or need urgent
stimulation and cryopreservation.

e Termination of planned operations and optional
diagnostic procedures.

* To minimize personal interactions and increase
the use of digital resources @.

On 14 March 2020 the European Society of Human
Reproduction and Embryology (ESHRE) issued
a statement specifying that only a few cases of
COVID-19 have been reported during pregnancy so
far, therefore the relevant data should be interpreted
with caution as no information is available on the
potential effects of COVID-19 infection during the
early stages of pregnancy; in addition, medical
treatment given in severe cases of COVID-19 may
include drugs that are contraindicated during
pregnancy ©. The same publication recommends
that all patients who are considering or planning
treatment, regardless of confirmation of COVID-19
infection, avoid becoming pregnant at this time and
consider postponing pregnancy by freezing oocytes
or embryos for embryo transfer later ©.

Cryopreservation in the era of SARS-CoV-2 -
optimization of practices

Before restarting the procedures, each laboratory
must develop its own risk mitigation strategies based
on specific analyzes of the risk level. For example,
it can be considered that the environment in the
cryobank carries the highest risk of infection, both in
cryo-containers and in the premises and equipment
from an infected person, who according to the current
standard operating procedures, is not obliged to wear
personal protective equipment (PPE) of the anti-viral
class, but only protective equipment against the
harmful effects of liquid nitrogen - rubber gloves and
goggles, but not masks of KN95 class, safety helmet,
nitrile gloves, use of disinfectant, etc. To some extent,
this also applies to supporting laboratory procedures
suchaslabeling, container transport, nutrient medium
and other consumables. Therefore, the use of PPE is
recommended even for procedures in which there is
no direct work (manipulation) on gametes and/ or
embryos, as well as in all cases where there is a so
called second witness present. Double-witnessing
techniques without the presence of a second person
(electronic witnessing systems) can significantly
reduce this risk. When working with biological
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Ha no-HaTaTbhIHM cThIKM &), Chinms neH Amepu-

KaHCKOTO OOINEeCTBO 3a penpoayKTIVWBHA MeAuIIHa

(ASRM) nyOmmkysa OroyeTwiH, B KOWTO Ce IIpero-

pPUBa Ha TaIlMEeHTUTe, TPV KOUTO VMMa rojisiMa Be-

positHOCT OT 3a00rsBade or COVID-19 (T.e. manmen-

TU, KOUTO ca ¢ noytoxurereH SARS-CoV-2 Tect vwin

KOoUTO ca Ovn msroxkenu Ha notebpaer COVID -19

CJIydan B paMKuTe Ha 14 gHV OT IosBaTa Ha TeXHW-

Te CYMIITOMM) da OOMMCIIAT 3aMpassgBaHe Ha OOIV-

TV VI eMOpVMOHM 1 fa 130srBaT eMOpmoTpaHcdep,

IOKaTO He Ce Bh3CTaHOBST HAITBJIHO. B oKyMeHTa ce

rofuepTaBa, 9e MepKuTe He ca 3aIbIDKUTEeTHN IPU

npeanonaraemn crydan Ha COVID-19, Tei1 xaro
cvvrromute Ha COVID-19 Harmomo0gBaT MHOTO Te3

Ha IpyTv Io-9ecTr popMM Ha pecrpaTopHO 3abo-

nssare . Ha 17 mapt 2020 r. ASRM nyOnmkysa HOB

IOKYMeHT, o3ariaBeH ,KoHTposl Ha manmeHTUTe U

KIIVMHWYHY IIPeIIOPBKY 110 BpeMe Ha ITaHAeMMsITa Ha

koponasupyc (COVID-19)”, B KOMTO OCHOBHITE ITpe-

IIOPBKM ca:

* IlpeycraHoBsiBaHe Ha 3alloOYBaHETO Ha HOBU
LVIK/IV Ha JIedeHMe, BKIIIOYMTETHO VMHAYKINS Ha
oByJyianysl, BbTpeMarouyHa wHceMyHars (IUI),
vH BuTpo omwioxgane (IVF), sxmounTerHo
M3BIMYaHe ¥ 3aMpa3sBaHe Ha eMOpVOHM, KaKTo 1
HeHaJIOKUTEITHO KPMOKOHCepBUpaHe Ha TaMeTH.

* OrmsiHa Ha BCWUKM eMOpmoTpaHcdepn, Cbc
CBEXVI WIV 3aMpa3eHy eMOPVIOHI.

* IlponbrkaBaHe Ha OOCITy)KBaHETO Ha MAaIlVIE€HTH,
KOUTO Bede ca CTapTUPasIM IIMKBI Ha CTUMYyJIa-
LVl WUIVL Ce HYXKOAsT OT CIeIlllHa CTUMYJIalvs 1
KPVIOKOHCepBaIIVs.

* IlpeycraHoBsiBaHe Ha IUIAHMpPaHW OIeparuu
HeHaJIeXXallly AMarHOCTUMYHY POy PH.

* MwuHyMM3MpaHe Ha JIMYHWUTE B3aVIMOIEVICTBSA
¥ yBelMJYaBaHe Ha M3II0JI3BaHeTO Ha AUTMTaTHN
pecypcu @.

EBpomerickoTo o0IIecTBo 3a YoBeIllKa perrpomyKIs

u emOpuosnorns (ESHRE) ny6mmkysa m3ssieHve Ha

14 maprt 2020 r., B KOETO ce yTOUH#ABa, Ye JJO MOMeHTa

ca JIOKJIaJIBaHN caMo HsKoiko cryvas Ha COVID-19

0 BpeMe Ha OpeMeHHOCT, mopaay KOeTO ChOTBET-

HWUTe JaHHM TpsOBa Aa ce THIKYBaT C IIOBUIIIEHO

BHVMaHMe, TbII KaTo HsAMa HaJIWdHa MHAOpMaIs

OTHOCHO ITOTeHIVaJIHUTe edeKTr Ha MHQeKIysATa

¢ COVID-19 o Bpeme Ha HavdaJIHNTe eTany Ha Ope-

MEeHHOCTTa; OCBeH TOBa, MEOWIIMHCKOTO JiedeHue,

npwioxeHo npu Texxku ciaydant Ha COVID-19, moxe

Ja BKJIIOYBA JIEKapCTBa, KOMTO ca IIPOTMBOIIOKA3a-

HU 10 BpeMe Ha OpemenHoct ©). B cpmiata myomm-

KaIys ce IpernopbyBa Ha BCUUKY IIAlVIEHTV, KOVTO

OOMMCIIAT YWV IUIAaHUpPAT JledeHne, He3aBUCHMO OT

MOTBBPXKIEHWe VIV IOo3peHue 3a MHMeKumum c

COVID-19, na n30sArsat 3abpeMeHsIBaHe 110 TOBa Bpe-

Me U J1Ja OOMMCIAT OoT/laraHe Ha OpeMeHHOCTTa upe3

3aMpassdBaHe Ha OOIMTH MJIM eMOpMOHM 3a eMOpuo-

TpaHcdep no-KbcHO @)

Kpnoxkoucepsamms B epara Ha SARS-CoV-2 - om-
TUMM3aIVsA Ha IPaKTUKIUTe

IIpenyt pectapTupane Ha IIpoleAypuUTe, BCsiKa J1abo-
paTopwusi TpsiOBa fa M3rpaay CBOM COOCTBEHM CTpa-
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material, even in an unclassified environment, it is
advisable to use disinfection and appropriate PPE
(gloves, surgical masks and safety helmets).

Because SARS-CoV-2 is an enveloped RNA virus, it
is thought to be able to maintain its viability even at
low temperatures under liquid nitrogen, suggesting
the possibility of contamination and/or cross-
contamination between samples “”. However, the
intensive washing steps which gametes and embryos
are subject to before cryopreservation, due to the
small volumes used in the vitrification procedure
(about 0.1 pul), suggest that the presence of a minimal
viral load would not be a significant source of
infection. For this reason, cryopreservation protocols
for gametes and embryos are not revised at this stage,
even if they involve the use of open systems and
direct contact with liquid nitrogen, so as not to affect
the effectiveness of the procedure.

Transported samples, cryopreserved in geographical
areas with a higher prevalence of infection during
an epidemiological situation remain a problem.
As it was not possible to assess the risk of infection
with liquid nitrogen, it is recommended to wash
the cryocontainers with sterile liquid nitrogen when
thawing/warming the samples “, which is an option
when importing gametes from other laboratories,
even when the current pandemic is over ®?. In fact,
the current situation generates an increased demand
for imported samples and in the long run these
processes must find an optimal solution.

From a practical point of view, this may have an
impact on sperm cryopreservation procedures for
cancer patients, underscoring the need to resume
fertility services. In men with older female partners,
age-dependent subfertility may become irreversible
if clinics remain closed, except for emergency cancer
patients. For this reason, a moderate approach is
proposed to the recommencement of IVF services 3.
In the case of successful stimulation and fertilization,
freezing the resulting embryos and delaying embryo
transfer may also be a strategy of choice. The use of
highly secure devices and segregated cryo-vessels is
recommended, while taking into account the risks
associated with the transportation of frozen biological
material between clinics 2.

The general problem of recruiting sperm donors, in
light of the incubation period for SAR-Cov-2, also
raises uncertainty. The two-week end-of-symptom
abstinence currently offered to potential donors
showing respiratory symptoms or those returning
from high-risk areas does not appear to be based on
any specific follow-up studies or latent period study
for SARS-Cov-2 “. There are no data on sperm quality
after SARS-CoV-2 infection, but periods of stress are
likely to increase cortisol levels and decrease sperm
quality, similar to the effects of febrile systemic
diseases “). It is important to establish in controlled
experiments whether the testis may contain SARS-
Cov-2 and, if so, to determine the latency period
of the virus before specific reproductive health
guidelines can be drawn up “9, while controlling risk
for patients and staff 7.
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Ternn 3a HaMaJIsgIBaHe Ha pucKa, Oa3upaHy Ha KOH-
KpeTHM aHaJIM3M 3a HeroBoTo H1BO. Taka Hampumep,
MOJXKe [Ja ce CUNTa, Ye cpefiaTta B KprobaHKaTa Kpue
Ham-BUCOK PUCK OT 3apassiBaHe, KaKTO Ha KpMO-KOH-
TeVIHepwTe, TaKa M Ha ITIOMeIleH1eTo 1 00opyaBaHe-
TO OT 3apa30HOCHUTEJI, KOUTO CIIOper] JOcCerallHyTe
CTaHOAPTHM OIepaTUBHY IIPOLIeAYPH, He e IThKeH
Ha Hocv JimaHY npennasuu cpeactsa (JITIC) ot antn-
BUPYCeH KJIac, a caMO TaKMBa 3a 3alllTa OT BpeIHO-
TO BB3[IEVICTBIIE Ha TeYHN a30T — TYMeHV PbKaBUIIN
u ouwia, HO He 1 Macku oT xiac KN95, nnpennasen
IIJIeM, HUTPWIOBWM PBKaBUIIY, TIOJI3BaHe Ha JIe3MH-
dexTaHT M T.H. B M3BecTHa cTelleH TOBa BaXW U 3a
obcrTy>XBally J1abopaTopHM HpOLeAypu KaTo eTw-
KeTupaHe, IIpeHacsiHe Ha KOHTEHeP, XpaHWUTeTHNI
cpenu u gpyrm KoHcymarusu. Eto 3arro, ce mperio-
ppuBa nonssanero Ha JITIC mopwm 3a mpouenypu, npu
KOUTO HsMa AMpeKTHa paboTa (MaHMIIyIaIlNs) C ra-
MeTV 11/ WiV eMOPMOHY, KaKTO U BbB BCUUKM CJTydar,
IIpY KOUTO ce T10713Ba T.Hap. Bropu ceumetes (double
witnessing). MeToauku 3a ynTHecuHr Oe3 Hamdue-
TO Ha BTOPO JInIie (eJIeKTPOHHM YUTHECVHT CYCTEMI)
MoTaT 3HaW4TeIHO [1a pemylmpar To3m puck. [Ipm
paborta ¢ GuostormyeH MaTepyal IOpY B HeKJIacudm-
IypaHa cpefa e IiejleCcboOOpa3HO WM3IIO/I3BaHeTO Ha
nesvHpexuysa v nogxomsmu JINIC (pekaBurm, xu-
PYpPIVHecKy MacKu U IIperasHi IIUIeEMOBe).

Twvnn xaTto SARS-CoV-2 e PHK Bupyc ¢ obsuska, ce
cuMTa 4e MOXKe JIa 3alla3yl CBOsiTa XM3HeCIIoCOOHOCT
OOpVI IpW HUCKUTE TeMIlepaTypy IIOf, TedeH asoT,
KOeTO IIpeAIioiIara Bb3MOXKHOCT 3a 3aMbpcsiBaHe U /
WIN KPBCTOCAHO 3aMbpcsBaHe MeXay Irpoowre 0.
Obaue, cTBIKMTE Ha MHTEH3MBHO MIeHe, Ha KOeTO
ca IIOIJIOKEeHV raMeTuTe ¥ eMOpMOHWMTe IIpeam rAa
ObIaT KpMOKOHCepPBIPaHH, CBbP3aHO C MaJIKITe 00e-
MU, M3II0JI3BaHM B MpolleflypaTa 3a BUTPUMUKaIs
(oxomo 0.1 pl), mpenmosara, 4e HaJIMYMeTO Ha MUHU-
MaJleH BUpPYyCeH ToBap He O IIpeJicTaBsIsABasl ChIecT-
BeH M3TOYHVK Ha nHpeks. [Topamy Tasu mpuanHa,
Ha TO3M eTall, He ce IIpepasIeXaT IIPOTOKOJINTE 3a
KPVMOKOHCepBallys Ha raMeTH ¥ eMOpMOHY, JOPY aKo
Te BKJIIOYBAT M3IIOJI3BAaHETO Ha OTBOPEHM CVICTEMU U
OVIpeKTeH KOHTaKT C TeueH a3oT, 3a [a He ce IIOBIVsie
Ha epeKTMBHOCTTA Ha IpoLefypaTa.

IIpobrmem ocraBaT TpaHCHOPTHMpaHWUTe Ipodw, Kpu-
OKOHCepBUpaHN B reorpadpCcKy parioHM C II0-BVCO-
KO pasIlpocTpaHeHVe Ha MHQEeKIIUM 10 BpeMe Ha
VM3BBbHpPeIHA emMAeMMOoJIoOTYHa CcuUTyalnd. Tvi
KaTo e OWIo HeBb3MOXHO [a ce OLeHV PUCKBT OT
vH@eKTUpaHe Ha TeUHMS a30T, IIPU pasMpassBaHe
/ 3aTOIUIfAHe Ha IpoOWUTe ce MIpeiyiara M3MVBaHETO
Ha KPMOKOHTeVHepUTe CBhC CTepWIeH TedeH as30T
#), KoeTo e OIS M PV BHOC Ha raMeTH OT OAPYyTu
mabopaTopuy, JOPY KOraTo HACTOsIIaTa IaHdeMVs
npuktroun 2. BebliiHOCT, HacTosiIaTa 00CTaHOBKA
Hopa’ka MOBUIIIEHO ThpceHe Ha BHeCeH IIpodm 1 B
IepCreKTyBa Te3V Mpollecy TPsiOBa Ja HaMepsIT OIl-
TVUMaJIHO pelleHue.

Ot npakTMyHa IVIefHa TOYKa, TOBA MOXKE [1a OKaxKe
BJIVISIHVIE BBPXY HPOIeAypUTe 38 KPMOKOHCepBalvs
Ha crepMa 3a OHKOJIOTMYHO OOJIHM ¥ HopdepTaBa
HeoOXOAMMOCTTa OT Bb300HOBgBaHe Ha YCJIyTUTe
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Concluding remarks

Based on the latest epidemiological data on the course
of pregnancy under COVID-19 conditions, there is no
evidence to suggest an increased risk to the mother
or fetus. Most likely, the course of the disease after
SARS-CoV-2 infection in pregnant women does not
differ from that in other young women. In addition,
recent data suggest that there is no relation between
vertical transmission of infection and malformations,
and monitoring of pregnant patients should be
individualized based on gynecological indications
and maternal/ fetal health status. It is important to
keep in mind that the current COVID-19 pandemic
causes severe psychological stress and anxiety in
pregnant women, which can have adverse effects. In
this case, the recommendations for social isolation and
quarantine issued by the health authorities in order
to avoid further spread of SARS-CoV-2 also play an
important role. Therefore, the decision to initiate/
resume or delay medically assisted reproduction
(MAR) depends more on social isolation than on
COVID-19 and its potential effects during pregnancy.
However, given the lack of sufficient knowledge
about the pathogenesis of SARS-CoV-2 related to
the reproductive system and pregnancy, the current
pandemic requires increased caution and human
reproductive associations in most cases recommend
postponing embryo transfers to current cycles and do
not initiate new ones, with rare exceptions. However,
it is necessary to monitor for new evidence that may
change these recommendations at any time and to
adjust the restrictions imposed.

The question of whether SARS-CoV-2 (severe acute
respiratory  syndrome-associated  coronavirus-2)
leading to COVID-19 infection may be present in the
testis and/ or semen has not yet been unambiguously
answered. It is important to understand the
limitations of tests using both antibodies and real-
time PCR in interpreting SARS-CoV-2 data when
analyzing semen and/or testicular tissue in the
absence of appropriate controls. The limitations of
diagnostic tests, including sampling methodologies
and their validation, are key in interpreting data and
developing guidelines for reproductive medicine.
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o pepTrymTeT. [Ipn MBXKeTe ¢ 1IO-BB3pacTHM JKeHN
- MapTHBOPY, 3aBUCUMWUSAT OT Bb3pacTTa cyodepTn-
JIUTET MOXe [Ia CTaHe HeoOpaTwmM, aKO KIMHVIKWTE
OCTaHaT 3aTBOPEHM, C WM3KIIOYeHlMe Ha CIIeHTHWTe
oHKoyIorvaHy nanveHTn. [lopaay Tasu npudanHa ce
IpefyIara yMepeH MOXO/ 3a Bb300OHOBsBaHe Ha IVF
yoryrute @, B crydait Ha ycmentHa CTUMYJIavs U
OIUIOXIaHe, 3aMpa3siBaHeTO Ha IIOJIyJeHuTe eMOpn-
OHI 1 3a0aBsiHeTO Ha eMOpmoTpaHcdepa MOXe Aa
Obme u crpaTerus Ha n36op. Ilpenopbusa ce M3II03-
BaHeTO Ha CIJIHO 3alllUTeHM YCTPOVICTBA U CeTPerv-
paHM KpMOCHA0Be, KaTo ChIlleBpeMeHHO Tpsi0Ba fa ce
OTYMTAT PUCKOBeTe, CBbP3aH C TPAHCIIOPTUPAHETO
Ha 3aMpa3eHVsI OMOoJIoTueH MaTeprasl MeXIy K-
HuKuTe @2,

Ob6mmsiT pobiieM ¢ HaOupaHeTo Ha HOHOPM Ha
criepMa, B CBeT/IMHATa Ha MHKYOAI[MOHHMS IIepuoz,
3a SAR-Cov-2, cblIo mopaxjjga HecurypHocT. [IBy-
CeIIMMYHOTO BB3IbpKaHe OT Kpas Ha CYMIITOMUTE,
KOEeTO IIOHACTOSAIIEM ce IIpefylara 3a IOTeHIIVaTH-
Te AOHOPWM, IOKa3Balllyl pecHVpaTOPHM CUMIITOMN
VTV Te3V, KOUTO Ca Ce 3aBbpHaIN OT BUCOKOPVICKO-
BUI 30HU, M3I7IeXKa He ce OCHOBaBa Ha HIKaKBV KOH-
KpeTHM IIOC/IefBallly IpOyYBaHWs WIV W3CIIeqBaH
natenTeH nepro 3a SARS -Cov-2 . Hsma nanam 3a
KadecTBOTO Ha cIlepMaTa cjief] MHeKIs cbc SARS-
CoV-2, HO e BepOosTHO IepuOILT Ha CTpec Jla yBe-
JIMYIY KOHIIEHTpaluuTe Ha KOPTU30JI U Ja MOHVDKNA
KadecTBOTO Ha CIlepMara, IIofo0Ho Ha edeKTuTe Ipu
debpwtHM cuctemHM 3aboisBarMsa 9. BaxHo e ma
Ce yCTaHOBW B KOHTPOJIMPaHW eKCIIepVMeHTV Han
TecTycuTe Morat ga cbabpxKaT SARS-Cov-2 11 ako e
TaKa, [1a ce OIpereNV JJaTeHTHMs IIepuoyI Ha BUpPY-
ca, IIpeay [1a MOTaT [1a ObIaT M3rOTBeHN KOHKPETHM
HACOKM 33 pellpOoAyKIVMBHOTO 31apase “9, kaTo chlle-
BpeMEeHHO ce KOHTpOJIMpa PVCKa 3a MalyeHTuTe
repcoHasa 49,

3aKIIOUMTETHU OeIeXKKM

Bb3 ocHOBa Ha HaVI-HOBWUTE eIVIEeMMOIOTMYH JaH-
HM 3a IIPOTWYaHeTO Ha OpeMeHHOCT B yCJIOBMATa Ha
COVID-19, He chIiecTByBaT JI0Ka3aTeJICTBa, KOUTO J1a
IIperioaraT MOBUITIEH PUCK 3a MavKaTa VIV IUIO-
na. Hav-BeposiTHO x0T Ha 3a00s1siBaHeTO CiTeq, H-
dexmysa ¢ SARS-CoV-2 mpu OpemeHHM XeHU He ce
pasiaryaBa OT TO3M IIpU Opyru Miianu kxeHn. OcseH
TOBa, TIOCJIETHNTE JAaHHM TI0Ka3BaT, ue HsMa Bpb3Ka
MeXy BepTMKaJIHO IIpeflaBaHe Ha MHeKIMHATa
MasipopMan ¥ KOHTPOIVpaHeTO Ha OpeMeHHW-
Te HaIVeHTH Tpsi0Ba ma Obae MHAMBUIYaIM3UPaHO
Bb3 OCHOBA Ha TMHEKOJIOTMYHM ITOKa3aHMs U 3I0pPaB-
HMSL CTaTyC Ha Mavikarta / 1wioga. BaxHo e mga ce mma
Ipensu, 4e HacrodiaTta ItangeMus Ha COVID-19
IPVYIMHSIBA CYJIEH TICVIXOJIOIYECKN cTpec 1 Oe3ro-
KOVICTBO IIpU OpeMeHH! XeHM, KOeTO MOXKe Ja OKas3-
Ba HeOaronpuaTHM edpekTn. B crydas BakHa posst
UTPpasT ¥ OPEmoOpPBKUTe 3a COIMaTHA M30JIalys 7
KapaHTWMHA, M3IageHy OT 3[IpaBHUTe OPTaHy, 3a Ja
ce M30srBa IO-HATATBITHOTO PasIpOCTpaHEeHMe Ha
SARS -CoV-2. CrenosaTeiHO, pelleHNeTo MeXly
3ariouBaHe / BH30OHOBSIBaHEe WM OT/IaraHe Ha Me-
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OUIVHCKY acucTupaHa penponykims (MAP), sasu-
CVI TIO-CVJTHO OT COIIMajIHaTa M30JIallisl, OTKOJIKOTO
or COVID-19 n Herosure MOTeHIMAIHN e(eKTN 110
BpeMe Ha OpeMeHHOCT.

Beripexn ToBa, KaTto ce mMa IIpedBw JIMIICaTa Ha
IIOCTATBYHO 3HAHWMA OTHOCHO IIaToreHe3aTa Ha
SARS-CoV-2 cepp3aHa ¢ penpojyKTUBHaTa CricTeMa
M OpeMeHHOCTTa, HACTOAIIaTa IaHAEeMWs WM3UCKBa
IIOBMIIIEHO BHVIMaHMe ¥ acolyallMuTe IO YOBeIlKa
PenponyKIys B IIOBEYEeTO CJIyday IperopbyuBaT OT-
JlaraHe Ha eMOpmoTpaHcdepuTe Ha TEKYIIV VKN
V1 He HULIVPAT HOBYU LIUKJIV, C PeJIKM M3KITFOUeHWSL.
ITpu BCce TOBa € HeOOXOAVIMO /1A Ce CJIeN 3a HOBU JI0-
Ka3aTeJICTBa, KOUTO MOTaT fa IIPOMEHSAT Te3¥ IIPerio-
PBKM IO BCSIKO BpeMe 1 [1a ce KOPUTMpaT HaJIoXKeHW-
Te OrpaHMYeHVIs.

BerpochT mamm SARS-CoV-2 (TeXBK OCTBp pecrm-
paTopeH CUHAPOM-CBBP3aH KOPOHABUPYC-2) BOEI]
1o COVID-19 mHekmys MoXe Ia ce CbIbpPXKa B Tec-
TUCHUTe V1 / VIV CTIepMaTa IIOHACTOSIIeM He e II0JTy-
4l eHO3HaueH OTroBop. BaxkxHo e ma ce pasbepar
OorpaHMYeHMSATa Ha TecTOBeTe W3IIOJI3BaIIM KaKTo
anTuTesta, Taka 1 PCR B peajiHo Bpeme Ipu MHTep-
nperupane Ha JgaHHuTe 3a SARS-CoV-2, KoraTo ce
aHaJIM3Mpa crepMa ¥/vIM TecTUKyJlapHa ThKaH B
OTCBCTBVIE Ha ToAXxomsdmy KoHTporm. Orpanide-
HMSATa Ha OMArHOCTUYHWTE TeCTOBE, BKIIIOYMTETHO
MeTO/IOJIOTMUTE 3a B3eMaHe Ha IpoOM U TSAXHOTO
Ba/IMAVIpaHe, ca OT KJIIOUOBO 3HadeHVe PV MHTep-
IpeTMpaHe Ha JTaHHWTE ¥ M3TOTBSIHETO Ha HACOKM 3a
pernponyKTuBHaTa MeAMIINHA.
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BBJITAPVS - IThJTHOIIPABEH ITAPTHBHOP B EBPOITEVICKATA MPEJKA
HA BUOMEOUIINMHCKN HAYUHU MHO®PACTPYKTYPU

BULGARIA - FULL MEMBER OF THE EUROPEAN NETWORK
OF RESEARCH INFRASTRUCTURES IN BIOMEDICINE

Or 2019 ronmHa beirapns odvimamHo ce IpUCheIHN
CBC CTAaTyT Ha ITBJIHOIIPABHA IbpKaBa-wieHKa KbM EB-
JPOTIETICKIISI KOHCOPLIMYM 3a TPaHC/IAI[IOHHA MeIMIIHA
EATRIS - ERIC (https:/ /eatris.eu/). YaactmeTo Ha bbi1-
rapusi e 9acT OT Abp’KaBHMTe ITOJNTUKY B 00acTTa Ha
HayKaTa M VHOBaIMWTe ¢ IpyHIMIal MyHMCcTepcTBO
Ha OOpasosanmero 1 Haykata. Yrercrsoro B EATRIS
- ERIC, xakTo 11 wieHcTBOTO Ha bbirapus B npyru fisa
MexryHapogan koHcopumyma: BBMRI - Vscienosa-
TeJIcKa MHMPacTpyKTypa 3a OmobaHKMpaHe 11 OrtoMo-
nexyisapan pecypen (http://www.bbmri-eric.eu/) u
EuroBiolmaging - EBporierickaTa Hay4HOWM3CIIeOBaTe]I-
CKa MHMPaCTPYKTypa 3a TEXHOJIOTVV 3a HaOJIIOIeHIs B
OuornorvaamTe 11 6MoMenvvHCKNTe Hayku (https://
www.eurobioimaging.eu/) orOea3BaT BaXXHM CTBIIKA
KBbM pasrpbLIAHETO Ha HallMOHAJIHA MpeXa OT 11y Omd-
HO M CMeceHO (PVMHAHCHMpaHWM MHCTUTYLIMM C aKTBHa
HEeVIHOCT B OVOMEIVIIIVHCKIS CEKTOP 3a YCTOMIMBO pas-
BUTVE Ha KOMIIETEHIIN 11 YOBEIIIKI ITOTeHIVIaL.

EATRIS - ERIC e manespomnericku KoHcopiyM KbM EC
CB3IaJieH 3a YCKOpsiBaHe Ha IIpoIieca Ha TpaHC/IpaHe
Ha V3C/IeI0BaTeJICKT OTKPUTVS B MHOBATUBHI CTpaTe-
TV M TIOJIXOMM 3a MENMIIVHCKA IIPeBeHINs, IVarHo-
cruka u jtederHne. EATRIS momara Ha akameMydHuTe
Cpenu VI HAYCTpYESITa ja HAMaJISAT prcKa IIpy pazpado-
TBaHe Ha HOBV JIeKapCTBa, BAKCVHV VIV IVIarHOCTIIH
IIporpaMu 3a pasBUTVE U [Ia YBeJI9aT IOTeHIIasIa Ci
3a pocturane 1o nanverTn. EATRIS ocurypsisa 0bp3
VI aJIallTpaH JIOCTHII /IO aBaHTAPIAHV TEXHOJIOTUN U
OIIWT B TPAHCIIAIIMIOHHNTE V3CJIeBaHI, BKITFOUNTEITHO
naremvivi kato COVID -19 xato ce dpokycupa BEpXy
MPENKITMHITYHOTO Y PAaHHOTO KITMHIYHO pa3paboTBaHe
Ha oberraBariy MeIMKaMeHTHM, BaKCUHM ¥ JIMarHOCTH-
ka. [Torpeburermire OT ABbp)kaBUTe —WIEHKM MOTaT fa
[IOJIyYaT JOCTBII IO OTPOMHMS CIIEKTBP OT KIVHWYIHN
ITO3HAHMS I CHOPBKEHVS OT BUCOK KiTac, KOUTO ca Ha
pasmosnioxeHne B pamkure Ha 105 axameMmuHM 1ieH-
TpOBe Ha Havl-BMCOKO HMBO B 13 crpanm ot EBpomna.
IIperiarar ce perrieHns B 00J1acTTa Ha JIEKapCTBEHWTE
IIPOITYKTV 32 MOJIEpPHA Tepariiisi, OrioMapkepure, 0opas-
HaTa JIMarHOCTMKA VI IIPOCIIeNIIBaHeTO, MaJIKVTe MOJIe-
Kyym1 1 BakcuHUTe. CTaTyThT Ha bbrrapns ocurypssa
Ha JTbP’KaBHO HVBO IIPaBO Ha IJIac IIPY OlpefieIsTHe Ha
cTpaTermuTe " IOJUTVIKUTE B YIIPaBUTEIHNTE OpraHu
Ha EATRIS-ERIC. brirapckaTa HaydHa OOIITHOCT ITOJIY-
4JaBa BB3MOXKHOCT 3a ITBJIEH JOCTBII JI0 IIPOIYKTOBITE
IIaTPOpMM, HaydHa ¥ TEXHOJIOTMYHA eKCIepTv3a U
yCIIyTH, y9acTvie B ITaH-eBPOIIeVICKY IIPOeKTV ¥ IyO-
JIMIHO-YaCTHY ITAPTHBOPCTBA T JIP.

ITpe3 2020 ropmHa ¢ ydactmero Ha exvm or Coduit-
ckn YHusepcureT 1 BAH crapTipa msmbiHeHMeTo Ha
npoekta EATRIS-PLUS - Bopern mnpoekt Ha EATRIS
- ERIC 3a ycrovramso pasBuTiie B 00IacTTa Ha II€pco-
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Since 2019, Bulgaria has officially joined the European
Consortium for Translational Medicine EATRIS -
ERIC (https://eatris.eu/) with the status of a full
member state. Bulgaria’s participation is part of the
state policies in the field of science and innovation
implemented by the principal - the Ministry of
Education and Science. Bulgaria’s membership in
EATRIS - ERIC, as well as in two other international
consortia: BBMRI - Biobanking and BioMolecular
Resources Research Infrastructure (http://www.
bbmri-eric.eu/) and EuroBiolmaging - European
Research Infrastructure for Imaging Technologies
in Biological and Biomedical Sciences (https://
www.eurobioimaging.eu/) marks important steps
towards the development of a national network of
publicly and mixed-funded institutions active in the
biomedical sector for the sustainable development of
competencies and human potential.

EATRIS - ERIC is a pan-European consortium of EU
established to accelerate the process of translating
research findings into innovative strategies and
approaches for medical prevention, diagnostics, and
treatment. EATRIS helps academia and industry
de-risk the development of new drugs, vaccines or
diagnostic programs and increase their potential to
reach patients. EATRIS provides fast and tailored
access to cutting-edge technologies and experience in
translational research, including in time of pandemics
such as COVID-19, focusing on preclinical and early
clinical development of promising drugs, vaccines,
and diagnostics. Member States’ users can access
the huge range of high-class clinical knowledge and
facilities available within 105 top-level academic
centers in 13 European countries. Solutions are
offered in the field of advanced therapy medicinal
products, biomarkers, imaging and monitoring,
small molecules and vaccines. The national status of
Bulgaria provides the right to vote in determining
the strategies and policies of the governing bodies of
EATRIS-ERIC. The Bulgarian scientific community
may benefit from full access to product platforms,
scientific and technological expertise and services,
participation in pan-European projects and public-
private partnerships and others.

In 2020, with the participation of teams from Sofia
University and BAS, the implementation of the
EATRIS-PLUS project - a key project of EATRIS
- ERIC for sustainable development in the field of
personalized medicine, funded by the European
Commission under H2020-INFRADEV-3  call.
Through EATRIS-PLUS Bulgaria will receive
comprehensive expertise for long-term development
of the scientific and scientific-applied infrastructure
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HayV3MpaHaTa MeIuIHa, puHaHcKupaH oT Epporeri-
ckTa Kommcus B KoHkypca H2020-INFRADEV-3. Ypes
EATRIS-PLUS Bbbrrapws 1m1e oy am oOxBaTHa eKcrep-
TH3a 3a ABITOCPOYHO Pa3BUTIe Ha HaydHaTa 1 HayJHO-
HpWIOXKHA MH@PACTPyKTypa B 00IacTTa Ha IIepcoHa-
TM3VpaHaTa MeduiivHa. [ IpoekTsT mpenBiokia 1etesa
HofIKpelia 3a M3rpakJaHe Ha KaIlaIlUTeT! 3a TpaHCIa-
IIMOHHA MeAMIHa B bbiraprst upes oOmsHa 1 00yde-
HIe, paspaboTBaHe 11 BHedpsBaHe Ha JOOpM IIpaKTy-
KV IIPV VIHTETPUPAHO W3IOJI3BaHe Ha MOJIEKYIIIPHU
OMIKC TeXHOJIOTMW 3a IepcoHaIM3MpaHa IIpeBeHIs,
AVarHOCTVIKa U JIedeHne, ONTUMM3MpaHe Ha eKCIepy-
MEeHTaJTHV VI aHAJIUTVYIHY CTpaTeruy, CTYMYJ/IpaHe Ha
eKCIIepTHYTe YMeHVs Ha MJTay YIeHV KbM IIPpOopuIi-
paHeTO Ha OMoMapKepw 3a M3CJIeIBaHVI TPV XOpaTa.

Cp3maBaHeTo Ha TApTHHOPCKA HaIlMOHa/IHA Ovome-
IOVITMHCKA OOIIHOCT OT 3aMHTepecoBaHM VHCTUTYLIAN
EATPVIC-beirapus craptupa ripes 2019 ropgyna v nMa
3a IieJI aKTMBHO CHTPYIHMYECTBO 1 OOMeH B pas3BuUTVIe-
TO Ha TpaHC/IallMOHHaTa MefuiHa B beraprs. Ypes
HaIIVIOHAJIHOTO ITPE/ICTaBUTEJICTBO Ile Obie OCUTypeH
LIeHTpaIM3MpaH AOCTHII IO BYCOKO TeXHOJIOIIHA eKC-
repTi3a 3a pa3paboTBaHeTO Ha MHOBAIVIOHHM OVIOTex-
HOJIOTVYHVI IIPOAYKTV C MPIWIIOXKeHVe B MeVIIHaTa,
10 eBpOIIeVicKa ITpaBHa, eTiYHa ¥ 3aKOHOBa MHMOopMa-
LV, 10 MeXXIyHapoaIHa eKCIIepTu3a Py 3TOTBsIHe Ha
aHaJIV3K M IU3aVH Ha ITPEeKIMHUYHY U KIIVMHWYHA [IPO-
yuBaHM:, OM3Hec IUIaHOBe VI IUIAHOBE 3a PeasTn3IIye Ha
MHPACTPYKTyPHU TPOEKTH, OBP3 M CUrypeH oOMeH
Ha ITapTHHOPCTBA 3a ITPOEKTHO y4JacTye B XOpU30HT EB-
porma 1 ap.

C nookpenama na npoexm EATRIS-Plus, H2020 GA 871096

Penry6nimnka beiarapmsa e npencraseHa B EATRIS-
ERIC upe3 Munncrepcrso Ha O0pasoBaHMeTO U
Haykara

Hayuonaanu npedcmabumen

6 bopda na Ynpabumeaume na EATRIS-ERIC:

I'-xa SAxura XKepxosa, Hauasnuk na omoe

, Hayuonasmu nayunu unuyuamubu”, upexyus ,, Hayxa”
Muuiena I'maBuesa, [1aBen excnepm, Hupexyus ,, Hayxa”
Munucmepcmbo na Obpaszobarnuemo u Hayxama

HarmmonanHu nipeacraBuTe IV Ha Hay9HaTa 00II-
HocT B EATRIS-ERIC:

ITpod. n6H Pocumita Konakunesa,

Hayuonanen JTupexmop

Un.-kop. npod. 16H Pymen I1ankos,

Hayuen Excnepm

Cogputicku Yuubepcumem ,,C6. Kaumenm Oxpudcku”

EATPUC-BBJITAPU
Hayuonaano npedcmaBumeacmbo na EATRIS-ERIC

buoaoeuuecku @axyamem, CY ,, C8. Kaumernm Oxpudcku™
1164 Cogpus, bya. Hpaean Lianwkob 8
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in the field of personalized medicine. The project
provides targeted support for capacity building for
translational medicine in Bulgaria through exchange
and training, development and implementation of
good practices in integrated use of molecular omix
technologies for personalized prevention, diagnostics
and treatment, optimization of experimental and
analytical strategies, enhancement of expert skills
of young scientists in the profiling of biomarkers for
human research.

The establishment of a partner national biomedical
community of interested institutions EATRIS-
Bulgaria started in 2019 and aims at active cooperation
and exchange in the development of translational
medicine in Bulgaria. The national node will provide
centralized access to high-tech expertise for the
development of innovative biotechnological products
with medical applications, to European ethical and
legal information, to international expertise in the
preparation and analysis of preclinical and clinical
studies, business plans and plans for implementation
of infrastructure projects, fast and secure exchange
of partnerships for project participation in Horizon
Europe, etc.

Support under Grant EATRIS-Plus, H2020 GA 871096

Republic of Bulgaria is represented
in EATRIS-ERIC by the Ministry of Education
and Science

National Representatives in EATRIS-ERIC
Board of Governors (BoG)

Mrs Yanita Zherkova,

Chief Expert National Initiatives, Science Directorate
Mrs Milena Glavcheva, Expert, Science Directorate
Ministry of Education and Science

National Representatives in EATRIS-ERIC
Board of National Directors (BoND)

Prof. Dr. Habil. Rossitza Konakchieva,
National Director

Prof. Dr. Habil. Roumen Pankov, Member
Sofia University, Faculty of Biology

EATRIS-BULGARIA

National Node of EATRIS-ERIC

Faculty of Biology, Sofia University “St KI Ohridski”
8, Dragan Tsankov Blvd., 1164 Sofia Bulgaria
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PEITPOOYVKTVBHATA MIMYHOJIOI'MS - BCE OLIE BJIMATEIIHA HAYUHA
OBIITHOCT M OBJIACT HA M3CJIEABAHE

Tomoposa K. 2, Xanpabensa C. 12
! Jlabopamopus no penpodyxkmubuu OMUKC mexnosoeuu, ncmumym no 6uosoeus
U UMYHOA02US HA pasmHoxaBaremo , Axad. Kupua bpamano6”, BAH
? Mexx0yHapoOHa KoopOUHAYUOHHA KOMUCUS 110 UMYHOA02US HA penpooyKyuima

REPRODUCTIVE IMMUNOLOGY - A STILL IMPACTFUL SCIENTIFIC
COMMUNITY AND FIELD OF RESEARCH

K. Todorova '? S. Hayrabedyan *?
' Laboratory of Reproductive OMICs Technologies, Institute of Biology and Immunology of
Reproduction “Acad. Kiril Bratanov”, Bulgarian Academy of Sciences
? International Coordination Committee for Immunology of Reproduction

KakTo msThkBa II'PPBVIAT ITIaBeH peaakTop Ha CIIN-
caame PenponyktmsHa mmyHOIorms (1972), otkpn-
TsiTa Ha Maua Meunuxo8 (1845 - 1916), xouto my
noxacsit HobGertoBa Harpama m mo-xbcHO Ha Kapa
Jlanowannep (1868 - 1943) 3a dparommrosaTta m ar-
JIyTMHUHNTe/ pe3yc ¢aKTopa IIOCTaBAT OCHOBAaTa
Ha BEpOSITHO HaV-BaXHWS IIPUHOC HA PeIpomyK-
TVIBHaTa T/IMyHOHOFVIH KbM KIMHMWYHaTa IIpaKTUKa
- YCTaHOBSIBAaHETO Ha pe3yC HeChBMECTMMOCTTa P
XeMOJIUTVMYHAaTa 0oslecT Ha deTyca 11 HOBOPOIEHOTO
VI HEVIHOTO JIeueHVie upe3 MMYyHM3als ¢ aHTi-D aH-
Turesa.W

VIMyHOTeHHOCTTa Ha CIIePMaTO30UONUTE € OTKPU-
Ta oT Meunmnkos mpe3 1899 r.? HertHoro 3HaueHMe
IIPU PeIIpOIyKTUBHU HeyCIexX) e ycTaHoBeHo 50 ro-
IOVHM T0-KBCHO OT bparaHos m cbTp. (1949), komTo
ITbPBU JOKa3Ba Bpb3KaTa MEX]y aHTWCIIepMaIHITe
aHTHTeNIa U MHMepTWwINTeTa IIPU JOMAIIHN XMUBOT-
Hu (rornmm).®) Ckopo cien tosa I'an-Andpe Boasen
(1920 - 2020) moxa3Ba HaIM4IMETO Ha CIIePMaTO30WI-
HI aBTOAHTUIeHNU TPV MOPCKM cBuHYeTa. . Pymxe
IeMOHCTpHpa monobeH dpernoMeH mpm Mbxe (1959)
VI CBBP3Ba IIPUCHCTBMETO Ha AHTWCIIEPMAIHNTE aH-
TUTea ¢ KIMHUYHATA [IposiBa Ha mHdepTwmTer?.
KimouoBu B obnactra ca mpoyusaHmsATa Ha Llumso
M300xuma v cpTp. (1968), KOMTO MAeHTMMUITMPAT Chb-
IMMHCKaTa MOJIEKYJISIpHA CTPYKTYPpa Ha IIOBbPXHOCT-
HWTe CIepMaIHV aHTWUIeHV ¥ TIXHAaTa KOHKpeTHa
POJIS KaTo IIpudYMHa 3a 0e3IUIofye, KaTo PV MbXe,
Taka v mpu >keHn.®

dakTryeckaTa IIOBpaTHa TOYKa ¥ BBb3HVMKBAHETO
Ha perpoAayKTVvBHaTa MMYHOJIOTVSI ITBPBO KaTO M3-
CJIefioBaTeICKO HallpaBiIeHVe 0e3 OIIpefiesleHo MMe
¥ TIOCJIe KaTO HOBa Hay4dHa O0JIacT e JIeKIIMsATa Ha
Humesp Medayop npen bpwuTaHCKOTO Ipy>KecTBO
o excrepuMeHTaHa Owostorms (1953), ma XosiTO
TOWU VmeHTV[cpmuMpa JEVICTBUTE/IHO ITapajioKCcasTHa-
Ta CHIIHOCT Ha VMIMYHOJIOTMYHOTO B3aVMMOJIeVICTBIE
MeXIy OpeMeHHaTa >XeHa ¥ aHTUIEHHO YYXXIOWS
detyc.® ITo-xbcHO TOM HOTyuaBa Hoberosa Harpa-
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As it is emphasized by the first ever Editor-in-chief
of the Journal or Reproductive Immunology (1972),
the Nobel prized findings of Ilya Mechnikov (1845-
1916) and later Karl Landsteiner (1868-1943) of
phagocytosis and agglutinins / rhesus factor have
let the foundation for arguably the most important
clinical contribution that reproductive immunology
has ever made, the recognition of rhesus haemolytic
disease of the foetus and newborn and its treatment
by injection of anti-D antibody.®

Spermatozoal immunogenicity was discovered
by Mechnikov in 1899.® The actual implication
for reproductive failure was found 50 years later
by Bratanov et al. (1949) who is fist to establish the
relationship between antisperm antibodies and
infertility in domestic animals (heifers).®) Soon after
Guy-Andre Voisin (1920 - 2020) demonstrated the
existence of spermatozoal autoantigens in guinea pigs.
Ph. Rumke have demonstrated similar phenomenon
in human males (1959) with the existence of anti-
spermatozoa antibodies related to clinical infertility.®
Pivotal were the studies of Shinzo Isojima et al.
(1968) who identified the actual molecular structures
of sperm surface antigens and their precise role in the
induction of infertility in both males and females.®

The actual turning point and the inception of
Reproductive Immunology first as a research trend
without a name and later a new scientific field was
the invited lecture of Peter Medawar to the British
Society for Experimental Biology (1953), where
he identifies the truly paradoxical nature of the
immunological relation-ship between the pregnant
mother and her antigenically foreign foetus.® He was
awarded Nobel Prize later for his establishing the
transplantation immunology field. His postdoctoral
fellow, Rupert Billingham further develops the
concept of the role of transplantation immunity and
the maternal-foetal relationship (1964), recognizing
the uterus as an immunologically privileged site.
Later (1971), together with Alan Beer, they further
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IJa 3a yTBbp)KIaBaHeTO Ha TpaHCIUIaHTallMOHHAaTa
vmyHojtorus. Herosusat pokropant, Pynspm buaun-
eam pasBuBa IIO-HaTaTBK ViesTa 3a 3Ha4eHMeTo Ha
TpaHCIUIaHTAIIMOHHVS MMYHUTET U Bph3KaTa Marka
- deryc (1964), vnenTndMIIMpaiKy MaTKaTa KaTo
VIMyHOJIOTMYHO crermdmdaHo MsacTo. [Tpes 1971 1. 3a-
enHo ¢ Aasn Busp IOITBIHNTENIHO pasmmpsBaT Tasu
KOHIIEIIIVISL Upe3 CBbP3aHM M3CiIeBaHs Ha deTyca
¥ IUTalleHTaTa KaTo TpaHcIwtaHT.®

OTkpuTHsiTa 11 MZIenTe, KOUTO Ce CTPeMT fia I't 00sIc-
HAT Ce HAaTPYNBaT B IPOb/DKeHNe Ha TbIBI IePUOz,
OT BpeMe, HO [AeVICTBUTETHOTO Hay4IHO HaIIpaBssieHe
Ce yCTaHOBsIBa CJlef], KaToO BIBXHOBsBAIlla M CVUJIHA
MHepIsA ce Habupa He npyraje, a TYK BbB BapHa,
boarapus. Ilpes cenrremspm 1967 r., Kupua Bpama-
Ho8 (1911 - 1986) v HeroBUTe CHTPYAHUIIN CITef, ak-
TVMBHA KOPEeCIIOHAEHIIV ¢ APYTU y4eHM B o0JacTTa
Ha pernpomyKTMBHAaTa MMYHOJIOTMs CBUKBaT IIspBu
CHMMIIO3MYM II0 MMYHOJIOIMs Ha CIIepMaTO30MON-
Te M OIUIOKHaHeTo BbB BapHa, bwiarapmsa. ITpu-
ChCTBAT y4YacTHUIM OT rosede oT 20 cTpaHu OT Iie-
TS CBST, KaKTO ¥ IIpefcTaBuTes Ha CBeTOBHaTa
sgpasHa opranmsanys (C30) u Opranmsanmsita Ha
OOH 1m0 nipexpana u 3emenenne (PAO). Ilo Bpeme
Ha CumnosmyMa ce cb3gaBa MeXXOyHapOTHWMAT
KOOpPIMHAITMOHEH KOMMTeT II0 MIMYHOJIOTMs Ha
penponykumsita (MKKWP). Herosa ocHoBHa 11871 €
Ia CbITIacyBa Hay9HO-M3CJIefloBaTesICKaTa JIeTTHOCT B
obracTTa Ha penpoAyKTMBHATa MMYHOJIOTVS B pas-
JIMYHWUTE ObPXKaBW ¥ Aa OpraHu3Mpa CUMIIO3UYyMNI
BbB BapHa Ha Bceknt 3 ronmHm.¢7)

ITpes 1969 r. MKKVIP mnposexpga cpellla Ha TeMma
,VIMyHOJIOT s Ha pelIpoAyKIIMaTa” B IJIaBHaTa KBap-
tpa Ha C30 B JKeHesa m m3bmpa YrpasureseH cb-
BeT, B KOWTO Bi1m3art: mpesuaeHT - K. bparanos, Butie-
npesuaenT - C. HlyiMan, reHepaien cekperap - P.
Enyapnc, cekperap - V1. CokooBckas, KOBUEKHUK —

expand the concept in tier studies of the foetus and
placenta as transplants.®

The findings and concepts trying to explain them have
been gathered together over long period of time, but
the actual trend have emerged after an enthusiastic
and energetic momentum has formed nowhere else,
but here in Varna, Bulgaria. In September 1967, Kiril
Bratanov (1911 - 1986) and his collaborators, after
intensive correspondence with other researchers
in reproductive immunology convened the First
Symposium on Immunology of Spermatozoa and
Fertilization in Varna, Bulgaria. Participants from
more than 20 countries all over the world as well as
the representatives from World Health Organization
(WHO) and the Food and Agricultural Organization
(FAO) attended the Symposium. During the
Symposium, the International Coordination
Committee for Immunology of Reproduction
(ICCIR) was founded. The main aim of the ICCIR
was to coordinate research work on reproductive
immunology between different countries and every
3 years to organize symposia in Varna.®”

In 1969 the ICCIR held a meeting on “Immunology
and Reproduction” at WHO headquarters in
Geneva and elected the ICCIR Steering Committee
as follows: President - K. Bratanov, Vice-President
- S. Shuliman, Secretary General - R. Edwards,
secretary - I. Sokolovskaya, Treasurer - A. Eyquem.
It was registered in Paris and in Sofia and its offices
were in Sofia and Cambridge.© These two events
gave impetus to serious and profound research
work in the field of reproductive immunology in
many countries. In 1975 at the 3 Symposium in
Varna the International Society of Immunology for
Reproduction (ISIR), wasfounded by proposal of Kiril
Bratanov who was later elected as its first president,
when the Society was registered in France.®”

Fig.1. The background photography shows Shulman talking on the First Symposium on Immunology of Spermatozoa and
Fertilization in Varna, Bulgaria, in 1967. Robert Edwards is the third chairman from left .
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A. AvixyeM. Pernctpupan e B Ilaprox n Codrist v mma
odpucu B Codpmsa n Kernbpmmx.© Tesu e crOurmst
JaBaT TJIachK 3a Pa3BUTMETO Ha 3aIbjIOoueHa 1 COo-
JIMHA Hay4HO-M3C/IefloBaTesIcka paboTa B obsacTTa
Ha pelponyKTVMBHATa VIMYHOJIOIVISI B MHOTO CTPaH.
ITpes 1975 r. no Bpeme Ha Tpernss CHMMIIO3UYM BbB
Bapna e cdopmmpano MexmyHapomHOTO HpyKe-
CTBO MO VMIMYHOJIOIMsS Ha pernpopykimara (MAVIP)
no npesyioxxenue Ha Knpwt bpatanos, konTo kora-
TO HO-KBCHO TO € PerncTpupano BpB OpaHims e ms-
OpaH 3a Heros IbpBU IIpe3naeHT. ) CummosnymuTe
Ha MKKWP BbB BapHa ce cbcTOAT /10 KOHUYMHATa Ha
Kupwt bBparanos. ITo-kbcHo Paitna I'eopruesa Bb3-
CcTaHOBsBa TAXHOTO nposexaane ¢ 9. MKKUP Cum-
nosuyM 11pe3 1997 r. n ocraBa npesuaeHT Ha Koop-
nvHaimoHHMs KomuTeT 1o 2019 r.

KaxBo Bcownocm e 3nauenuemo na Bapnenckume
Cumnosuymu? BaxHo e ma ce oTOesIeXxn IIpMHOCca Ha
MKKWP n Cummosuymure BbB BapHa 3a cb3gaBane-
TO Ha TOBa HOBO 3a 60™ roguHu MHTepaUCLUIUIMHAP-
HO HamlpaBjieHle - pelpoayKTMBHATa MMYHOJIOTVS
¥ 3a IOofJIaraHeTo Ha IAMCKYCHs ¥ OdepTaBaHeTO Ha
HacOKMTe 3a OberIo passuTue B oomacrra. [lepron-
BT OT BpeMe cj1ef, TbpBus CYMIIO3MyM e JOCTaThYHO
I'BITBT, 3a Jla Ce CBCTOSIT pedyliia 3HauYMUTeIHN ChOu-
TV - PyHAAMEeHTaIHV ¥ KIVHVYHV ITOCTVDKeHVS B
pernponyKTMBHaTa VMMYHOJIOTMs, OCHOBaBaHETO Ha
MJIWVP, na EBpOIIeNcKOTO IPY>KecTBO 110 pelpoayK-
TuBHa MMyHosorusa (EIPV) v MHOro HalMoHaIHM
TakmBa. [loHacTOsAIIIEM, OrpOMHa apMius OT MJIanW,
VHTeJIeTeHTH VI aMOMIIVO3HY yYeHV IO IIeJIVs CBSIT
v3ciensaT dyHIaMeHTaIHNUTe Y KIVMHIYIHY acIeKT
Ha perpoyKTVBHaTa MMyHOIorys. )

Karo o6o61ienne e Havi-nobpe fa ce nurupa Pynspm
EBepem Buauneam - OCHOBOIIOJIOXKHIMKA Ha OpraHHa-
Ta TpaHCIUIaHTaIVs ¥ IIMOHEP B pellpoayKTHBHAaTa
vmyHojtorus, konTo Ha 3. Konrpec na MIVP npes
1986 r. B TopoHTO, Ka3Ba: ,...Heka HuKora He 3a0pa-
BsAMe, Je ako He Oerrle bobiarapms m Hammar CKbII
npwsiTest Kupuri, HuKora HaMaitle f1a ce cb0epeM TyK
KaTo Hay4Ha OOIIHOCT 1la pasIyieXXJgaMe TaKbB BaKeH
pobJ1eM 3a Y40BeYeCTBOTO, IMYHOJIOTSTa Ha PeIpo-
mykousra....”.©

Enun ot HezabpaBummTe MOMeHTN Ha TbpBus Crm-
II031yM BBB BapHa 1 HerosoTo BMsgHIE B 0OacTTa
BCBIITHOCT € 3arledaTaH B pedra IIO IIpMeMaHeTo Ha
Hobemnosara Harpaja, n3HeceHa OT IMETO Ha IIpod.
Pobspm Edyapdc, KbIeTO TEKCTOBE ¥ CHUIMKW IIOTI
HeroBo PBKOBOJACTBO Ca IPOYeTeHM ¥ IIOKa3BaHM.
Peura 1a Edyapoc nipe3 1967 . ipeq, ayauTopus OT
noseyde ot 150 yuenn ot 20 gbp>kaBu e IIpecTaBeHa
3ae[IHO ¢ BrpajgeHa canMKa Ha Kupua Bpamano6.®

Kosuexxunkbr Ha B[PV, mpod. Yoo Hewxe fe-
dvHMpa penpoayKTMBHATa MMyHOsIOrmsa B 21. Bek
KaTo HayKa, KOSITO M3cjlefiBa IpobsieM M3BeCTeH OT
meceTmieTnsl — PeTyCchT KaTo ceMu ajorpadT 1 He-
TOBMAT OTTOBOP Ha Mal4MHaTa VMyHHa CHCTeMa.
CremoBarezHo, MMa OCTpa HYXOa J1a Ce W3SICHST
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The ICCIR symposia held in Varna were governed
until the passing away of Kiril Bratanov, and they
were later re-established by Rayna Georgieva at the
9" ICCIR Symposium held in 1997. She has been an
ICCIR President until 2019.

What is the role of Varna symposium anyway? It is
important to mention the contribution of the ICCIR
as well as of the Varna Symposia to the creation
of this new for the sixties interdisciplinary trend
- Reproductive Immunology and for discussing
and trying to delineate the trends for its future
development. The period since the 1% Symposium was
long enough to be marked by a number of significant

events: fundamental and clinical achievements
in reproductive immunology, foundation of
the International Society for Immunology of

Reproduction (ISIR), the European Society for
Reproductive Immunology (ESRI) and many national
societies of reproductive immunology. Today, a huge
army of young, intelligent and ambitious researchers
all over the world investigate basic and clinical
aspects of reproductive immunology.©

To summarize it is better to quote Rupert Everett
Billingham - the founding father of organ
transplantation and a pioneer of Reproductive
Immunology who said on the 3 Congress
of International Society for Immunology of
Reproduction, 1986 in Toronto “...Let us never forget
that, was it not for Bulgaria, was it not our dear friend
Kiril, we would have never gathered here as aresearch
community to deal with such an important problem
for humanity, the immunology of reproduction...”. ©

One of the everlasting moments of the first Varna
Symposium and its impact on the field is actually
imprinted in the Nobel Prize speech that was given on
behalf of Prof. Robert Edwards, where writings and
photos under his direction were read and shown. The
1967 speech of Edwards in front of the audience of
more than 150 scientists from 20 countries is presented
together with inline photo of Kiril Bratanov.®

As defined by ESRI treasurer, Prof. Udo Jeschke,
Reproductive Immunology in the 21* century deals
still with a problem known for decades—the foetus
as semi allograft and its response to the maternal
immune system. Therefore, there is a strong need
to solve problems like spontaneous and recurrent
miscarriages and in addition repeated implantation
failure. In addition, socio-economical changes in an
aging society are an additional challenge especially
for the reproductive medicine specialist. Although
highly developed in vitro fertilization techniques
are available, many couples still face the problem of
childlessness. A quite new player in the field is the
microbiome of the reproductive tract. For decades
is was believed that the uterus is sterile but an up
to date analyses revealed that we not only have a
vaginal microbiome but also a cervical, uterine, male
and even a placental microbiome.®
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BBIIPOCH KaTO CIIOHTaHHWTE ¥ IOBTapSIIN ce abop-
TV ¥ B JOITB/IHEHVe MHOTOKPaTHY HeYCIeIHN VM-
wiaHTanym. ChIeBpeMeHHO, COLMaJHUTe W VKO-
HOMIYeCKN IIPOMeHN B 3acTapsBallloTO HacesleHIe
ca oIle efHO IIPeM3BMKAaTeICTBO 3a CIeIaICTITe
II0 penpoAyKTMBHa MeauivHa. Hesasucumo, ge ca
pa3paboTeHV MHOTO YCBBBPIIEHCTBAHV TeXHWKMU 3a
VIH BUTPO OIUIOXIaHe, 3HaUMTeJIeH 6p0171 JIBOVIKI Ce
V3IpaBAT IIpef mpobiiema ¢ Gesmwronmero. Hos wmr-
pad Ha I10JIeTO € MUMKPOOMOMBT Ha PerIpOAyKTVBHS
TpakT. B mpombirKeHMe Ha AeceTmIeTs ce CUMTallle,
4Je MarKaTa e CTepiIHa, HO ChbBpeMeHHWTe aHaIV-
3¥ IOKa3BaT, Ye OCBeH BarvHaJIHW:, ChIIeCTBYBaT
LIepBUKaJIeH, MaTO4YeH, MBXKI ¥ AOPY IUIalleHTapeH
MUKpoOvom. )

Hav ToBa HampassIeHe e JajIo BCUYKO oT cebe cm?
A3 VICKpeHO BgpBaM, de IIe Ma OIlle pa3BUTHe, T.K.
MHOTO OT PyHIaMeHTaIHITe BBIIPOCH, Kacaelln pe-
HNPOIyKTVBHS IIPOIIeC BCe OIlle ThPCSIT OTTOBOP.
Beripexn BcMUKO, MMyHHaTa CUCTeMa WIpae pPoJist
Ha IBOVIHO-3aTOYEHO OCTpHMe - [Ia 3alluTaBa OT Op-
TaHM3MM VMl 9y>k7, FeHOM, HO CBIIO TaKa fda HU
IpepIia3Ba OT CMYIIeHNs B HaIIvs coocTseH. B To3n
acIieKT Td e Bpb3KaTa MeXay deHoMeHa Ha (erm)
reHOMHaTa CTaOWIHOCT ¥ PaHHOTO eMOpPMOHaIHO
pasBuTHe C B3aMMOIEVICTBMETO MaviKa - Xa3suH, HO
CBIIIO TaKa ¥ CbC COOCTBEeHMs OTroBOp Ha dpeTyca Ha
ITO-KbCeH eTall B Pa3BUTIETO M.
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Has this trend shown its best yet? I truly believe
there is more to come, as many of the fundamental
questions concerning the reproductive process are
still to be answered. Nonetheless, immune system
has dual sword role - to protect from live forms
bearing foreign genomes, but also to protect us from
perturbances in our own genome. In this regard
the immune system is the bridge that connects
the phenomenon of (epi)genome stability and
early embryo development with the mother - host
interaction, but also with foetus own body response
later in live.
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C677T IIOJIMMOP®VN3MA HA TEHA HA METVWJIEHTETPAXVAPODOJIAT
PEAYKTA3ATA (MTHFR) 1 HETOBATA POJISI B UOBEILIKATA PEIMPOOYKIIV

Mexanmxmes 11,
AT UnBumpo Meduyuncku yenmop , Jumumpo8”

METHYLENETETRAHYDROFOLATE REDUCTASE (MTHFR) C677T
POLYMORPHISM AND ITS IMPACT ON HUMAN REPRODUCTION.

Tzv. Mehandjiev
ObGyn invitro medical center “Dimitrov”

Pestome: Makap noaumopgpusma C677T 6 eena 3a me-
musenmempaxuopogosam pedyxkmasama (MTXDP) oa
e usbecmen u usyuaban om nao 30 200unHu, nocieoHume
omxpumus na JIHK memuaupanemo kamo ocHober us3-
KAt0uBau; MexanussM 6 mpaHcKpunyuama Ha eeHume,
xaxmo u poasma na MTXDP xamo cxopocmonpedesauy
EH3UM B pemMemuAupanemo Ha XOMOYUCHEeUHa 00 Mermu-
OHUH ca 0cobeHo obewyabausu 3a Gedeujermo usscHsbane Ha
noosexauyume Mexanusmu Ha Beve usbecmuama pois Ha
MTX®P C677T noaumoppusma 6 penpodykyuama Ha
uobexa. Hue obowjuxme 6 moba munupebio mesu egpeximu,
3anouBaiiy ¢ eenemuxama u OUOA0UAMA HA NOAUMOP-
¢usma u 3aBspwbaiixu ¢ epexma My 3a 3a2ydbume Ha Ope-
MenHocmma, dehexmume Ha HeBpasnama mpsda, epexma
My Bopxy naodoBeme coc cundpom Ha ayn u npeexiamn-
CUAMA U XUNEPIMOHUAMA.

VIsmunanm ca 32 roguHM oTKakTo Ipes 1998 r. Kaur u
CBTP. 3a IP'BB BT omvcBaT posaTa Ha C677T momvmMop-
¢dn3Ma Ha TeHa Ha MeTMJIEHTETPaXMUAPOdOIIaT pemyk-
tasara (MTHFR) B eTnonarorenesara Ha KOpoHapHaTa
Oorect Ha cpprero?. BrocsencTeme mpoyuBaHMsTa Ha
TeHHWS BapyaHT 3HaYMTeTHO Ce pa3pacTBaT M ITOHac-
TosAIleM ca Haymile nosede oT 3000 HayuyHM cTaTuM
IO TeMaTa OT IIOYTY BCUYKM 00IacTyi Ha MeauIIMHaTA.
Hesasucmmo ot ToBa, oTkpusatero Ha JJHK metvmmpa-
HEeTO KaTO OCHOBEH HaulH 3a [IeaKTVBMpaHe Ha TpaH-
CKPWMIIIIMATA Ha TeHU VI [O-CIIeIVaTHO ChCTOSHVETO Ha
torasio JJHK femerniimpate Ha dosertikmte oottt
MIOCTaBAT MHOTO HeW3SICHEHM BBIIPOCH 3a POJIsTa Ha
MTHFR C677T nonuMopdusMa Ha MalkaTa ¥ HOBO-
cpopMmpaHaTa 3UroTa IIpy 3alla3BaHeTo Ha BUTaJIVTe-
Ta Ha eMOpPVOHITe, TAXHOTO Pa3BUTHeE U BB3MOKHOCTTA
ma ce pory 31paBo Oebe. Llerrta Ha ToBa KpaTKO PeBIO 10
BBIIpOCa € [la BHece pa3OnpaHe Ha HAKOV Bede V3BECTH
daxTn 3a edexra Ha MTHFR C677T nomimopdusma
BBPXY MHTpPayTEPUHHOTO Pa3BuUTIe Ha eMOpvioHa 1 de-
Tyca, 3aIll0YBaViK/ OT BIIVITHMETO MY BBPXY OMOXVIMITY-
HWTe IIPOIlec B KJIeTKara.

I'en, crpykrypa u 6uonorus:

MTHFR C677T nonuMopdusma e MpoMsiHa Ha efu-
HI4YeH HyKJleoTns, (single nucleotide polymorphism -
SNP), mpu xovrTo HyxJreoTvza rnTo3vH (C) Ha 677 1mo3u-
s B reHa Ha MTHER e samenen ¢ timuans (T). [ensr
3a MTHFR ce namupa B 1p36.3 jiokyca Ha KbCOTO paMO
Ha xpomo3oMa 1. Toukosara myTanus Ha C677T B ek3oH
4 va MTHEFR e oTroBOpHa 3a cMsiHaTa Ha aMHOKVICeIV-
HaTa aylaHuH (Ala) Ha 222 103N B TIOJIUITENI TV THATA
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Abstract:  Although  methylenetetrahydrofolate
reductase (MTHFR) C677T polymorphism has been
known and studied for more than 30 years recent discovery
of DNA methylation as the main pathway for switching
off of gene transcription and the role of MTHFR as
speed limiting step in the homocystein remethylation to
methionine are very promising for the future elucidation of
all already known effects the mother’s and foetal genotype
for MTHFR C677T polymorphism have on human
reproduction. In this mini-review we summarized those
effects starting with polymorphism genetics, biology and
further continuing with its role on pregnancy loss, neural
tube defects, its effect in Down syndrome fetuses and
preeclampsia and hypertension.

There have been more than thirty years since
methylenetetrahydrofolate  reductase =~ (MTHFR)
C677T polymorphism and its role in the etiopathology
of coronary artery disease have been first described
by Kang and co-workers in 1988.0 Since then
tremendous research on this polymorphism have
been done with currently more than 3000 articles on
the topic available in virtually any field of medicine.
Yet the epigenetic discoveries of DNA methylation
as the main pathway of gene switch off for gene
transcription® and especially the discovery of global
DNA demethylation stage of human oocytes ¢4
leave many unanswered questions about the role of
MTHFR C677T polymorphism genotype of mother
and especially the newly formed zygote on early
embryo survival, development and potential for live
birth. In this short review we are aiming to bring some
light on some already known facts about the effect
of MTHFR C677T polymorphism on the intrauterine
development of embryo and foetus, starting with its
impact on biochemistry of the cell.

Gene, structure and biology:

MTHFR C677T polymorphism is a single nucleotide
polymorphism (SNP) in which cytosine (C) on
677 position of the MTHFR gene is substituted for
thymidine (T). The MTHFR gene is located in the
1p36.3 region on the shortarm of the first chromosome.
The C677T SNP in exon 4 of the MTHFR gene is
responsible for an exchange of alanine amino acid
(Ala) on 222 position of the coded protein for valine
(Val). This leads to thermolability of the protein and
decreased enzyme activity, due to decreased affinity
of the enzyme for its flavin adenine dinucleotide

Embpuosoceus Tom 10 Kruxka 1



@ue. 1: buoxumuuna pynxyus va MTHER ensuma. AdoHcy - S-adenosuixomoyucmeut; Met — MemuoHuH;

MS - memuonun cunmasa; CH3THF - 5-memuamempaxudpogporam; Hey — xomoyucmeun; Ado — adeno3un;
AdoMet - S-adenosuamemuonun; BHMT - bemaunxomoyucmeun S-memuamparcepepasa; CBS - yucmamuonun
oema-cunmasa; CH2THF - 5,10- memusenmempaxudpogporam; CH3DNA - memurupana JHK; CHOTHF -
opmusmempaxudpogporam; CHTHF - memenuamempaxuopogporam; CL- yucmamuonun auasa; Cys - yucmeun;
Cysta — yucmamuonun; DHF - duxudpogporam; DHFR - duxudpogporam pedykmasa; dTMP - deoxcumumuoun
5"-monogpocgpam; AdUMP - deokcuypudun 5-monogpocgpam; MAT - memuonun adenosusmpancgpepasa; MT -
memuampancgpepasa; SAHH - S-adenosuaxomoyucmeun xuopoaasa; SHMT - cepun xudpoxcumemuamparcgepasa;
THF - mempaxudpogporam; TS - mumuduram cunmasa; ©

Fig.1 Biochemical function of the MTHFR enzyme. AdoHcy - S-adenosylhomocysteine; Met — methionine; MS

- methionine synthase; CH,THF - 5-methyltetrahydrofolate; Hcy - homocysteine; Ado - adenosine; AdoMet -
S-adenosylmethionine; BHMT - betainehomocysteine S-methytransferase; CBS - cystathionine beta-synthase; CH,THF

- 5,10~ methylenetetrahydrofolate; CH,DNA - methylated DNA CHOTHF - formyltetrahydrofolate; CHTHF -

methenyltetrahydrofolate; CL- cystathionine lyase; Cys — cysteine; Cysta — cystathionine; DHF - dihydrofolate; DHFR
- dihydrofolate reductase; ATMP - deoxythymidine 5-monophosphate; dAUMP - deoxyuridine 5-monophosphate; MAT
- methionine adenosyltransferase; MT — methyltransferase; SAHH - S-adenosylhomocysteine hydrolase; SHMT - serine
hydroxymethyltransferase; THF - tetrahydrofolate; TS - thymidylate synthase; ©

Bepura c BaysimH (Val). Tosa Bomm fo yBeyaBaHe Ha
TepMOJIaOVJTHOCTTA Ha IIPOTEVHA U TIOHVKaBaHe Ha eH-
3MMHATa My aKTMBHOCT, IIOpajjl HaMajIsiBaHe Ha adu-
HMUTeTa Ha eH3VMa KbM KodaKTopa My ¢IaBiH a/IeHVH
muaykiteotny (PA). Ilpu xeTeposuroreH TeHOTMIT
(CT), ersuMHaTa My aKTUBHOCT € 0KOJI0 70%, I0KaTo IIpn
ciydanTe Ha TT 51 e camo 30% OT Tas3m Ha MHIMBVIIN C
CC anemm®. Buonormanoto nericrsre Ha MTHFR ensu-
Ma e IpeBpbillaHeTo Ha 5,10-MeTmsieHTeTpaxuIpodosa-
Ta B 5-MeTIITeTpaxmapodosIat, KaTo ToBa € VI peaKIIys-
Ta KOSTO JIMMUTVIPA CKOPOCTTa Ha PeMeTIIMPaHeTO Ha
XOMOLIVICTEMHA B METVIOHVH VI CJIeJOBaTeITHO OIperiesis
CBIIbP’KaHMETO Ha CBOOOIHY METWIIOBY IPYIIVI HeoOXo-
IOVIMM 3a BCVYKM KJIeTBHYHM Iporecu. Har-moOpe ToBa
MOXe fia ce Br3yanmsnpa Ha dwr. 1. C MHOro Masiku ms-
kmroueHms, TT reHoTuria cberasisiBa okosto 13-14% or
BCMYKM voBemtky nomystanmy, a CT - 42-47% 89, xoeTo
CBUJIETEJICTBA 3a CPaBHUTEIHO foOpaTa IIpeXXIBIeMOCT,
KaTo Ha XeTepO3UTOTHUTe, Taka 1 Ha TT muauBMINTE.

3nauenne Ha MTHFR C677T nonvMopdnsma 3a 4o-

Embpuosoceus Tom 10 Kruxka 1

(FAD) cofactor. Enzyme activity in heterozygotes
(CT) is about 70% of the enzyme’s activity in CC
genotype individuals. However enzyme’s activity of
the TT cases is only 30% of the enzyme’s activity of CC
genotype individuals.® MTHFR enzyme’s biologic
action is to turn 5,10-methylenetetrahydrofolate into
5-methyltetrahydrofolate and is the speed limiting
step in the process of homocysteine remethylation to
methionine, thus determining the supply of methyl
groups for all the processes of the living cell. The
biologic action of the MTHFR enzyme is best depicted
on fig.1. With few exceptions TT genotype is 13-14%
of all human populations and CT genotype is 42-47%
worldwide®9, showing overall good survival both
for heterozygous as well as TT genotype individuals.

Impact of the MTHFR C677T polymorphism on the
human reproduction:

1. Pregnancy loss
In a metaanalysis on 27 studies with 2427 patients
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BeIllKaTa pelpoayKIIus:

1. 3aeyba na bpemennocm

Metaananus mposefeH oT By m cwTp., Bkimousany 27
npoyuBaHus ¢ 2427 manyieHTV C MOBTapsIIN Ce CIIOH-
tarHM adoptu (IICA) 1 3118 koHTpOIINM, HaMVpa CTaTHC-
Trdecky 3HaunMa Bpb3ka Ha MTHFR 677 TT renoruna,
KaKTO 1 130/IMpaHoTo Hasume camo Ha T ajterr m TICA,
He3aBVICHIMO Ye MexaHV3MBT B OCHOBaTa Ha Ta3l acoIly-
anys e Hesicer V. B Halle IipoyduBaHe, Hite YCIIsIXMe
TIOKa’keM, Je 3arybara Ha OpeMeHHOCT cBbp3aHa c T ae-
sa o TT renoTumia ce Tb/DKM Ha TeXKa AelyjlyasiHa
Y IHTepBWJIO3Ha TPOMOO03a, B pe3ysITaT Ha JIOKaJIHO yBe-
JM9eHyie HMBOTO Ha XOMOIVCTeNMHA 3apajy IIOBUIIIe-
HaTa HeoOXOMVIMOCT OT MeTVIIMpaHe VBalia oT Obp30
HapacTBauTe eMOpvIoH 1 Tpodobiact .

2. Hegpexmu na nebparnama mpsba

Ycranoseno e, ue TT renormma ce acoummpa ¢ IIOHe
IBOVIHO IIOBUIIIEH PYCK OT BB3HMKBaHe Ha fedeKTn Ha
HeBpaJIHaTa Tpb0a BbB deTyca 1>, B cBoe m3ciresane
SIH v cBTP. Jopu OTKpuBar 4,1 BT yBesIiueHue Ha Be-
POSITHOCTTA 3a pa3BUTVe Ha CIIMHa OviduiIa, ako Marika-
tae 1T, a deryca CT renornm 1 6,1 TbTM ako 1 IBaMaTa
ca TT (2. BaxxHo e /1a ce oTOesIeXM, Ye pUCKBT OT Jede-
KT Ha HeBpaJHaTa TpBhOa e MeTKpaTHO IO-BUCOK IIpM
ciyuante ¢ MTHFR 677 TT renoTwm vt MyTalyis B reHa
3a mucTaTvioH Oeta cuHTetasa (CBS), B cpaBHeHMe ChbC
CIIy4anTe, KOraTo MyTalliTe ce cpelnar oTaeHo (219,
Bee ortre obage mprranHara 3a Bpb3kara Mexxny MTHFR
677 TT renoruma u gedeKTnTe Ha HeBpaHaTa Tpbbda
He e n3sicHeHa. Hsxon aBTopu 06BMHSBAT 3a TOBa HoOpe
M3BeCTHaTa XWUIIEPXOMOIIVICTEMHEMIS B Te3N CIIydar, a
IOpyTu obsiCHSABAT Ta3V Bpb3Ka C HapyIlleHs B IIpolieca
Ha [THK pemeTrmpaneTo BB deTyca.

3. Cunopom na Jlayu u opyeu XxpomMo3oMH1 AHOMANUY
Ipes nocytegrmTe 20 TogmHM ca MyOIMKYBaHY MHOXe-
CTBO CTaTUM, KOUTO IIOKasBaT Bpb3ka Mexay MTHFR
C677T nomMopdv3Ma ITpy MariKaTa M TPU30MIsATa Ha
21 xpomoszoma 131617 Kocra-JInma v cerp. gopu ycIs-
BaT JIa MOKaXkaT CTpaTuduIpaHe Ha prcKa B CyOTpo-
maHMTe pario’nu Mexay 23,59 n 40° cepepHa m rokHa
IIVIPVIHA, CIeKY/IVParIKy de ToBa ce IB/IKI Ha yBesTide-
HaTa cyOmepmaitHa poTornmsa Ha porvieBaTa KicesIvHa
(15, Bee omie obaye, OCHOBHMAT MEXaHMU3bM 3a Ta3u aco-
IMals ocTaBa HeIOyTOYHEH, KaTo IIpe3 MOCTIeTHITe
TOIVIHII Ca ce HaJIOKVUIV JIBe XVITIOTe3:

- Hepaspensane na gsere 21™ xpoMo3oMu B ITpolieca
Ha Menosa B pesynrar Ha JHK xuromernivpane Ha
tenTpomepure 19

- Tlonwxenara ensumHa akTuBHOCT Ha MTHFR mmpn
Hayave Ha T ajiesr KoMITeHCHpa MoBMIeHaTa eKCIIpe-
CVIsl Ha TeHa 3a IucTaTvoH Oeta cuaTeTasata (LIBC), 1o-
KasmsupaH Ha 21 xpomosoma. [Topajiv TpusomMuaTa mpu
cuHOpoMa Ha [layH mpuchcTBar 3 Komvis BB (peTyca,
KOeTO BOIM JIO TIOBMINIEHa 3aryda Ha MeTVJIOBU TPyIIN
C ypvHara v HaMaJsieHa npexvpsemoctT Ha MTHFR 677
CC renoruma @,

Harmmire m3criepanms (HemyOIvKyBaHM JaHHM), KAKTO
Y TPYAHOCTUTE B APYIW IIPOydIBaHMs, [a Ce YCTAaHOBM
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included with repeated pregnancy loss (RPL) and
3118 controls Wu and co-workers found significant
association for the MTHFR 677 TT genotype, as
well as T allele with RPL, although the underlying
mechanism is not completely clear.’” In a recent study
we have succeeded to demonstrate that pregnancy
loss associated with T allele and TT genotype is
due to severe decidual and intervillous thrombosis,
caused by local increase of the homocysteine levels
from increased needs for methylation from rapidly
growing embryo and trophoblast.®

2. Neural tube defects

It had been established that TT genotype is associated
with at least a doubled risk for a neural tube defect
of the foetus.>" In their study Yan and co-workers
even found 4.1 fold increased risk for spina bifida if
mother is TT genotype with CT genotype foetus and
6.1 fold increased, if both mother and foetus are TT
genotype.(? It is worthy to mention that the risk for
neural tube defects is increased fivefold in cases with
both MTHFR 677 TT genotype and cystation beta
synthetase (CBS) gene mutation, compared to cases
having any of the two mutations separately.(?%)
Still the reason for the association of MTHFR 677
TT genotype with neural tube defects has been
unknown yet. Some authors blame for it the well-
known hyperhomocysteinemia in those cases, while
others explain it with impaired process of foetal DNA
remethylation.

3. Down syndrome and other chromosomal
abnormalities

There have been plenty of articles from the last
two decades which associate  MTHFR C677T
polymorphism of the mother with trisomy 21. 417
Costa-Lima and co-workers even managed to stratify
the risk to subtropical regions between 23.5° and 40°
North and South latitude, speculating that it is due
to increased subdermal folate photolysis.® Yet the
underlying mechanism for this association is still
unclear. Two hypotheses for it have emerged in the
recent years:

- Chromosomal nondisjunction in the process of
meiosis, caused from DNA hypomethylation of the
centromeres(!)

- T allele associated MTHFR decreased enzyme
activity combats cystation beta synthetase (CBS) gene
overexpression in Down syndrome, as CBS gene is
localised on chromosome 21 and Down syndrome
foetuses have three copies of it, thus having enhanced
methyl group excretion, leading to decreased survival
of foetuses with MTHFR 677 CC genotype."”

Our research (unpublished data), as well as relatively
few articles for association of other chromosomal
abnormalities with mother's MTHFR C677T T allele
support the second hypothesis.

4. Preeclampsia and hypertension
There is abundance of studies that associate the

MTHFR TT genotype with increased risk for
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BpB3Ka Ha APYTY XPOMO30OMHV aHOMAJIVIVI OCBeH CVH/I-
poma Ha [dayn ¢ MTHFR C677T T arnen B MavrauHms
TeHOM, TIOAKPEILAT BTopaTa XUIIoTe3a.

4. Ilpeexaamncus uxunepmensus

CeimecTByBa M3001UIVIe OT HAYYHM M3CIeIBAHNsA, KOV-
TO moKasBaT Bpb3Kata Mexay MTHFR TT renorvma
VI TIOBMIIIeHMS pucK oT Ipeekytamrcyst %), TTomoOHa
acorpaInysl He e M3HeHajBallla, Ipensun ¢akra, de
cebp3a"ocTTa Ha MTHFR C677T momviMopdusma
XUTIepTeH3MATa e 1o0pe ycTaHOBeHa. XOpUTaH U CBIP.
OTKpMBAaT IOpPW, Ye 3a /1a ce HOpMasIn3upa KPBBHOTO
Hajiarade 1mpy nauvent ¢ MTHFR 677 TT renorui,
e HeoOxozuMa JiHeBHa J103a oT 1,6 Mr puboditasmua *.
ToBa He e HeouakBaHO, T.K. prbOdIIaBIHA € IIPeKypPCop
Ha QAJl, a PA/] e xodpaxTop Ha MTHFR ensnma, xpMm
KOVITO TOVI MIMa HaMajleH adVHUTeT IIpy HaIyeHTuTe
XOMO3MTOTHM 110 T asleyla ¥ XeTepo3UIoTHTe M CHOT-
BETHO Te MMarT Hy)XIla OT II0-BMCOKa KOHIIeHTpaIlus Ha
DAJI, 3a 1a 51 KOMIIeHCHpar.

HesaBncmMo oT MHOXeCTBOTO 3aIbjI0OYEHN IIPOydBa-
Hws Ipes nocsiegHuTe 32 rogunav Bbpxy MTHFR C677T
noymMopdM3Ma, Bee OIlIe ChIIeCTBYBaT peiiia Hemssc-
HeHM BBIIpock. He e ycraroBeHo manm cybmepmariHaTa
dporormmsa Ha domesaTa KvcesIHa MOXe [a MMa POoJis
Y TIpY APYTY TATOJIOIMYHW CBCTOSHMS, KaKTO e Ipu
cvappoma Ha Jays ™. Teparmsita v mpodritakTiKara
Ha TT n CT renoTumoseTe cbIIO OCTaBa IpeAM3BUKaTel-
cTBO. BrIpexn ue e nokasano, ye MTHFR ensnma Moxe
JIECHO [Ia Ce 3a00MKOJIM C TIpVeMaHeTO Ha JOCTHITHVITE
B THPrOBCKaTa MpeXka TabJIeTK ¢ 5-MeTVITeTPaxXUapo-
dposat, Bce or11e MMa IIMPOKO TI0TIe 3a IPOYUBaHMS Bbp-
Xy OITMMaJIHaTa VM /I03a IIPV Pa3INIHUTe ChCTOSHISA
u cirydan. Heobxommmu ca v m3criemBaHms Ha BB3MOX-
HOCTTa JIpyr'M BUTaMMHMU OT rpyna B xaro B2, B6, B12
CBIIIO Jla MMaT TIOJIOXKMTeSIeH epeKT BLpXy HaIeHTuTe
c MTHEFR 677 TT u CT renorwu.
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preeclampsia.’®® Such an association could not
come as surprise, as the link between MTHFR C677T
polymorphism and hypertension has been long and
well established. Even it was found by Horigan
and co-workers that to normalize blood pressure
in MTHFR 677 TT genotype patients daily 1.6 mg
riboflavin intervention was needed®), which is not
unexpected as FAD is a necessary cofactor of the
MTHFR enzyme for which TT genotype and T allele
patients” enzymes has reduced affinity, hence they
need increased FAD concentration to compensate.

Although it has been an area of extensive research
in the last 32 years MTHFR C677T polymorphism
still possess some open questions. It is still unclear if
subdermal folate photolysis could play same role in
other pathological conditions, as it has been shown
to play in the association with Down syndrome.®
Therapy and prophylaxis of TT and CT genotypes
also still remains a challenge. Although it is clear
that MTHFR enzyme could be easily bypassed with
commercially available 5-methyltetrahydrofolate
tablets, the optimal dose in different cases and
disorders still has plenty of room for research.
Research is also needed for the possibility that other
group B vitamins as B2, B6, B12 also should have
beneficial effect in MTHFR 677 TT and CT genotype
patients.
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BBAEILIETO HA YOBEUECTBOTO 3ABMCU OT PEITPOOYKIMATA B
KOCMWYECKMU YCJIOBU
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THE FUTURE OF THE HUMAN SPECIES DEPENDS ON REPRODUCTION IN SPACE

P. Eftimov, N. Stefanova
Sofia University St Kliment Ohridski, Faculty of Biology, 8 Dragan Tzankov Str., Sofia, Bulgaria

HayuHuaT KoHCeHCyC 3a KOCMOJIOTMYHOTO Oberre
Ha HalllaTa IUTaHeTa IIpeJriojiara, 4e cjIef I10-Masl-
KO oT 1 MwIMap TOOVMHM IeIVST MHOTOKITeThYeH
KMBOT IIe M34e3He, IIOpafy Peaniia acTpOHOMIIUe-
CKM, Teostormytm u oumostormunm croutms.( Topu
Y pasIoJiaraiky ¢ IIpeBb3XOHATa CV CIIOCOOHOCT /1a
afarTpaMe cpefaTa CIopesl HaIlliTe M3VICKBAaHWIS,
B KpaliHa CMeTKa Ile OblieM IPUHYAEeHU Ja ThPCUM
HOB JIOM. BbIIpekm ue mMMa MHOXECTBO BapVaHTU
OTHOCHO KOTa U KaK Ja TPBIHEM, €IHO € CUTypPHO:
B €IVH MOMEHT IIle TpsiOBa J1a MOXeM JIa Ce BB3IIPO-
m3BeXxmame B Kocmoca. Ile ce ormmrame ma 06001miM
IIOCIIETHOTO IeceTvITeTiie Ha M3CIIeBaHsATa Ha pas-
MHOXXaBaHeTo Ha OosarHmm B KocMmoca, B onmr ma
ITIOKa’kKeM HapacTBaIlOTO 3HAYeHVe Ha Ta3M TeMa 3a
Harrero Opgerie kaTo Bua. KbM MOMeHTa Ha Harvic-
BaHe Ha Ta3y ITyOIMKamyis TbpceHe C KIII0YOBY Ty MU
,, BB3IIpOM3BeXIaHe B KocMoca” B Pubmed, masa 11
316 pesysTaTa C FOAMIIHA IPOrpecusi, KOSTO MOXe
Tla ce oIMIIIe KaTo cTerieHHa pyHKIA (fig.1). Beirpe-
KV 9e TOBa MOXKe [Ia M3IJIeXIa MHOTO, Te3V IIyOosm-
Karuy npepacrasisasaT camo 0,84% oT m3ymMumTerTHI-
Te 1,347,044 myOrmukanym 3a penpomyKImsiTa KaTo
LISUUT0.

Te3m mamHM morar ma Obmar oOsicCHEHM He caMo C
OTHOCUTEJIHO HOBOTO IIOJI€ Ha WM3CJ/IeIBaHVsI, KaKBa-
TO cee sIBsIBa 00JIacTTa Ha KOCMMYeCcKaTa MeIuIIMHa
Y acTpoOMOIOTMATa, HO M C HEIOOIeHSBaHEeTO Ha
3HaUeHMeTO Ha PaslpOCTpaHEHMeTO HM KaTo BV

The scientific consensus on the cosmological future
of our planet suggests that in less than 1 billion years
all multicellular life will go extinct, due to a series
of astronomical, geological and biological events.(
Even with our superior capability of adapting
environment according to our requirements,
eventually, we will be forced to seek a new home.
Although there is a great controversy about when
and how do we leave, one certain fact is that at
some point, we will have to be able to reproduce
in space. We will try to summarize the last decade
investigations on mammalian reproduction in space,
in an effort to demonstrate the rising importance of
this subject for our future as a species.

Up to this year, “reproduction in space” query
in Pubmed, returns 11,316 results with yearly
progression distributed according to power
low (fig.1). Although that may seem a lot, these
publications represent only 0.84% of the astonishing
1,347,044 publications about reproduction in general.
This figure can be explained not only by the relative
novelty of space exploration and astrobiology, butalso
by underestimating the importance of disseminating
human species beyond the familiar Earth biosphere.
The scientific effort of solving the reproductive
conundrum encompasses three main categories: (i)
physiological effects of space on the male and female
reproductive system, (ii) assessment and possible
solutions for the unfavorable effects of space on

@ue. 1. bpoti cmamuu, cBepsanu c mepcenemo ,,6s3npousbesxoare 6 kocmoca”
6 6azama dannu Pubmed (0ama na usmeeasnne: 28.07.2020).
Fig. 1. Number of articles associated with reproduction in space query
in Pubmed database (date of retrieval: 28.07.2020).
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Dusmaeckn Bba3supannu Ha 3emsTa
TapameTsp (Eﬁ(gl’(l;pVIMeHTVI Ha HVCKa 3eMHa opOuTa eKCIIepUMeHTH g':;f;MO)KHO pere-
Physical Low Earth orbit (LEO) experiments Earth based Possible solution
parameter experiments
ITom armocdepara (He | Moxe /1a 6b/1e BB3-
ITon mosicure Ha Bar AJTbH (He BB3IPOU3BEXK- BB3IPOM3BEXIAT KOC- | IIPOV3BEIEHO C YCKO-
Papmaris JIaT yCIIOBMSITA Ha JIBJIOOKVISI KOCMOC MITYeCKM YCIIOBYAS) puUTeNM Ha YacTUIIN
Ha 3emdTa
Radiation Below Van Allen’s inner belt (not relevant deep | Below atmosphere Can be reproduced
space travel) (not relevant for space | with particle
travel) accelerators on Earth
Zlg, HO ITopaay opOuTasIHaTa CKOPOCT Ce Ha- Mose 11a ce CuMyw-
JIIO/TaBa Oe3TerIOBHOCT. 2 % O-KDATKIL 11
ITpexomsn meproau Ha XUIIeprpaBUTALIVIS ITO P p
r IIO-TBJITVI IIEPVIOMN
paBUTAIINA BpeMe Ha M3CTpeJIBaHe ¥ IIOBTOPHO BJIV3aHe B
OT BpeMe Ha 3eMsiTa
KOCMITYeCKMTe KOpaOui. 1g
Gravity ~l1g, but due to the orbital velocity
weightlessness is experienced. g)iréﬁgriefggilgﬁed
Transient periods of hypergravity during launch eriods on Ea rthg
and re-entry of the spacecrafts. P
IIpomenn B VIsciteiBanmsTa 10 TOJIsIMa CTEIeH 3aBUCAT OT HM%X;:; ]ia gﬁgef;ﬁén-
LYpKaJHNATe OpGUTAIIHVIS IIEPVOJ] Ha KOCMITYeCKaTa CTAaHIVS | 1y P - -
: ®) OpMaJTHV TUBHO OCBETJIEHNE B
puT™MH (ISS) - 92.68 mymyTH
3eMHU YCITOBYS
Circadian rhythm | Studies vastly depend on orbital period of the Normal Can be reproduced
. . - X ® with adaptive
alterations space station (ISS) - 92.68 minutes li .
ightning on Earth
6000-16500 $ / kg opbuTasien TpaHcdep Ha HawmasrgBane Ha pas-
MKC @ XOZIUTe 3a TpaHchep
Llena NB! KomMruiekcHM eMOpVOIIOrMYHY eKCIIepu- o H30;

Ha eKCIIepVMeHTa

Cost of
experiment

MEHTV MOTraT [1a ce M3BbPIIBAT CaMO OT O0y4e-
HU CIIeLMaJIICT

6000-16500%/ kg orbital transfer to ISS ©
NB! Highly complex embryological experiments
can be performed only by trained professionals

VsebpriBane Ha
eKCIIeprMeHTV Ha
3emsTa

Reducing the cost of
transfer to LEOs;

OTBB[L YCJIOBMATA Ha IUIAHeTaTa KbM KOSITO CMe ce
aganTrpaa. HaydHoTro ycwime 3a paspelaBaHe
Ha pelnponyKTMBHATa 3arajika odxsallla TPV OCHOB-
H1 Kareropuu: (i) edpekT Ha KOCMMUYECKOTO ITPOC-
TPaHCTBO BBPXy (PU3MOIOrMIHNUTe (YHKIUM Ha
MBXKaTa ¥ JKeHCKaTa pelpofAyKTMBHa crcTeMa, (ii)
OlleHKa 1 BB3MOXHW pelleHNns 3a HebIarompmsr-
HOTO BB3IEVICTBIE Ha KOCMOCa BbPXY CIIOCOOHOCTTA
3a BB3IpomsBeXxIaHe u (iii) 3armaspaHe 1 XKM3HECIIO-
COOHOCT Ha MBXKKUTE ¥ JKeHCKIMTe raMeTy B KOCMOoca.
ITo-3HauMMMTe TpeaMCTBa M HeOCTaThIIM IIPOBe-
IOeHV WIV B KOCMOCa, VIV B CUMYJIMPaHV YCJIOBVS
Ha 3eMsiTa, 3ae[IHO C TeXHWTe IUII0COBe Y MUHYCHU ca
0bo0Ommenu B Tabir 1.

Edexrure OT pagmnanmoHHOTO 00JIbYBaHe Ha 3eMsTa
n KocMoca ce pasimiraaBat KaKTo B KOJITYEeCTBEH, TaKa
M B KadeCTBeH aclekT. JIuHerHMAT TpaHCcdep Ha
eneprus (JIET), T.e. eHeprusita Ha peHTI€HOBM JTBYW,
doToHM 1 Y-ITEUM, KOSTO OOMKHOBEHO 3acsira Xopa-
Ta, e mo-Masika oT 10 keV/pm, moxaTo 13BBH mosica
Ha Van Allen npuchkcTBMeTO Ha IPOTOHM (BOIOPOA-
HWU g71pa), HeyTpOH!, ajida-qacTuIN (XeIneB sapa)
VI TEXKW sg7pa IpeoIpenessT eHepruy MHOTO Hajl
tasu crontHOcT ©. ITpu cromHOCT OT 3% 3a pucka oT
CMBPT, IpWUYMHEHa OT eKCIIO3MIINS, IIpeTa KaTo J10-
nyctuma oT HACA npes 1988 r. n nmotsbpeHa npes
2015 r. © 1 IpOrHO3M 3a 3HAYNTEIIHO II0-BIICOKM HIBA
Ha rajtakTrgeckure Kocmyrdeckn mpun (I'KJT) B crren-
BalIVsL CJTPHYEB UMKEI ), e TPYIHO [1a ce OLleHM TOY-
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the ability of reproduction and (iii) conservation
and viability of male and female gametes in space.
Experiments have been conducted either in space, or
in simulated conditions, which pros and contras are
summarized in Table 1.

Effects of radiation exposure on Earth and in Space
differ both in quantitative and qualitative aspect.
Linear energy transfer (LET) i.e. energy of X-rays,
photons and y-rays , that usually affects humans is
less than 10 keV /pum, while outside of Van Allen belt
the presence of protons (hydrogen nuclei), neutrons,
alpha particles (helium nuclei) and heavy nuclei
precludes energies well above that value ©. With
the values of 3% Risk of Exposure-Induced Death
(REID), accepted as NASA guidelines in 1988 and
confirmed in 2015© and projections of substantially
higher levels of Galactic Cosmic Rays (GCR) in
the next solar cycle®, it is hard to evaluate exact
impact on reproductive system during deep space
missions, but a 20% decrease of the time of exposure
is suggested to stay below the safe limits. A certain
limitation in predicting the space radiation health
risk is that the results are obtained by observing the
effect of simulated solar particle events or GSR on
model animals. On the other hand, circadian rhythm
alterations are well studied and as light is the most
significant zeitgeber (external time-giving cue)®,
those experiments are easy to perform and reproduce.
We will focus on the effects of the microgravity, as
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HOTO BB3/IeVICTBIE BEPXY PeIIPOAYKTMBHATA CTICTeMa
II0 BpeMe Ha KOCMITYeCKV MVICUW, HO ce IIperopbyBa
HamazsiBaHe ¢ 20% Ha BpeMeTO Ha M3J1araHe, 3a JIa OC-
TaHe 11071 Oe3omacHUTe rpaHMIN. VI3BecTHO orpaHm-
JeHMe PV IIPOTHO3MpaHe Ha PVICKa 3a 37paBeTo Ha
KOCMWYECKOTO JTbUeHNe e, Ye pe3yJITaTuTe ce IOJIy-
4JaBaT upe3 HabsmoeHe Ha edpekTa OT CUMYJIVIPaHN
cpOuTMA Ha corpHYeBM YacTuim wivi GSR Bbpxy Mo-
meman XuBoTHU. OT Apyra cTpaHa, IIMPKagHUTe 13-
MeHeHVs Ha pUThMa ca o0pe IpoydeHm U T KaTo
CBeTJIMHATA e Hall-3HauMMUAT Zeitgeber (eHo3HaUeH
BpeMeolIpe/ieIsm MexaHnsbsM) &, Tesn ekcriepumMeH-
TV ca JIECHY 3a M3ITBJIHEeHVe 1 Bh3liponssexxaane. Lle
ce CbCpeOTOUMM BbPXY epeKTHTe Ha MUKPOrpaB-
TalwysTa, Thil KaTO IVIPKagHUTe IIPOMeHM 11 e(peKTN-
Te Ha KOCMITIeCKOTO M3/ThUBaHe MoraT fia ObaT B m3-
BeCTHa CTelleH HeyTpaIn3VpaHy WIV YIIpaB/IsiBaHM.
EamHCTBeHMAT KOHTPOIMPaH eKCIepuMeHT II0 Bpe-
Me Ha MucusaTa Gemini 11 gasa camo okosto 0,00015g,
B pe3yJITaT Ha KOeTO 0OeKTuTe ce MPUIOBIDKBAT KbM
eHaTa CTpaHa Ha IOJIETHVSA MOIYJI, HO e(PeKThT e
TBBPIIe He3HauNMTelIeH, 3a Aa Obe MOYyBCTBaH OT ac-
TpoHaBTUTe. VI3KycTBeHaTa rpaBUTAIIVs € ITIOCTUIHa-
Ta 3a HAKOJIKO MMHYTH Ha Gemini 8, HO mopajiy Hens-
MpaBHOCT, IpWYMHsBaIlla HellpeKbCHaTa paboTa Ha
eViH OT TPBCThpuUTe. ToBa BOIM IO TOJISIMO aKceJle-
palvIOHHO HaToBapBaHe Ha eKuIIaxa (10 4 g), KoeTo
Hajlara IpeXXIeBpeMeHHO VI CIIeIITHO IIpeKpaTsBaHe
Ha Mucysita®. Hsxon obHamexpapamy pesyiTari
ca IIoJTyYeHM OT eKCIIepUMeHTV ¢ Oe3rpbOHauHM X1-
BOTHV, 3eMHOBOIHV ¥ POV, M3JI0KeHW Ha BCUYKN
ortacHocTy Ha H3O u mponssexparim 3gpasm u cIo-
COOHO 3a BB3IPOMU3BOACTBO IIOTOMCTBO. V Bce mak,
Te3U eKCIIepVMMEeHTV, He3aBVCHUMO OT KPaTKMAT CU
IeproyI, Ha IpoBeXaaHe (HUTO eIVH eKCIIepVIMeHT
B OpOuTa He e NMPOIBLDKWII IIoBede OT 15 gHu), pas-
KpumBaT HSAKOM (PUHM aHOMasIMy, KaTo HaMaseHO
OCBOOXIaBaHe Ha KOPTUKaJIHM TpaHyIM 1 y3us
II0 BpeMe Ha OIUIOXKIAHeTO IIPV MOPCKM TapaIexn
(Lytechinus slikus) n yseyimuena peGesiMHa Ha I10-
KpwBa Ha Oacronesna mmpu xkabu (Xenopus laevis)@?.
Smonckn opmsum (Oryzias latipes) ca m3nonssanu
KaTo MOfeJI 3a BB3IIPOV3BOACTBO Ha IPhOHAYHM 110
BpeMe Ha 15-HeBHa Mucnsa Ha H3O u ca ycnienm ja
ce umdTocat, mponsBeXnaanku 43 sviia, oT KOUTo 8§
M3JII0IeHN B KocMoca 1 omle 30 m3/IoneHu cief, IIpu-
semsiBadero V. VIsmroneHuTe B KOCMOCa eMOPVOHM
IoKa3BaT HOpMaJleH OpoVl rameTy M HeHapylleHa
CIIOCOOHOCT 3a BB3IPOM3BOMACTBO. Bce mak MaskmsT
pasMep Ha M3BaIKaTa M YHMKaJIHaTa cpefa IIpaBsiT
IIOIOOHY eKCIepVMeHTV TPYAHU 3a BB3IIPOU3BEXK-
HaHe.

ExcniepriMeHTVITE Ha OpOUMTa ¢ OO3arHMITN, TOKOI-
KOTO 3HasIT aBTOPWUTE, ca OCKBIHM ¥ HeyOemmresl-
HM1 - camo deTupwm excrepmmenra (COSMOS-1129,
COSMOS-1541, NIH.R1, NIH.R2(>19) ca G mpo-
Beflenn Ha H30, nokaTo excriepMMeHTUTe C MUKPO-
rpaBUTAIVS, IPOBEIEHM Ha 3eMaTa, OOMKHOBEHO ce
M3BBPIIBAT IO METOIa Ha MMOOWIIM3aIVs Ha 3aTHM-
Te KparHumy 7, KOVTO e BB3IpPUeT 3a CUMYJIALVL
Ha MMKpOTpaBUTaIVsl, HO He BKITIOUBA ITPOMSIHA Ha
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circadian alterations and cosmic radiation effects can
be counteracted or managed, while gravity at that
point is hard to be manipulated. The only controlled
experiment during the Gemini 11 mission produced
only about0.00015g, which resulted in objects, moving
toward one side of the flight module, but wasn’t felt
by the astronauts. Artificial gravity was achieved for
Gemini 8 for several minutes, but due to malfunction
causing continuous firing of one thruster. It resulted
in high acceleration forces upon the crew (up to 4 g),
which led to the premature and urgent termination of
the mission®. Some encouraging results came from
experiments with invertebrates, amphibians and fish,
exposed to all the hazards of LEO, and producing
healthy and capable of reproduction offspring. Still,
these experiments, as short as they were (no on-orbit
experiment lasted for more than 15 days) revealed
some subtle abnormalities, such as decreased cortical
granule discharge and fusion during fertilization
in sea urchins (Lytechinus pictus) and increased
thickness of the blastocoel roof in frogs (Xenopus
laevis)®. Medaka fish (Oryzias latipes) were used as
a vertebrate model of reproduction on 15 days LEO
mission and were capable to successfully mate on
board of the Space Shuttle, producing 43 eggs, from
which 8 hatched in space and another 30 hatched
after landing™. The embryos hatched in space
showed normal number of gametes and unaltered
ability to reproduce. Still, the small sample size and
the unique environment make such experiments
hard to reproduce.

On-orbit experiments with mammals, to the
best knowledge of the authors, are scarce and
inconclusive - only four experiments (COSMOS-1129,
COSMOS-1541, NIH.R1, NIH.R2(>19) were conducted
on LEOs, while the microgravity experiments held on
Earth, usually are performed following a hind limb
suspension protocol (HLS)”, which is accepted as a
plausible method of simulation of microgravity, but
doesn’t involve the change of actual acceleration of
the object, nor randomizing the vector of the g-force.
Instead, the animals are suspended at 30- angle to
the surface, which limits their ability to move and
to exercise. The published experiments concerning
microgravity conditions are summarized in Table
2 (modified from Mishra et al. ®). Hypergravity
experiments with 2,3g to 3g were performed in order
to investigate the effect of launch and re-entry, as
well as possible decelerating maneuvers and the
results revealed higher neonatal mortality in animals
exposed to 2g?0. Experiments with hypergravity,
using a centrifugal force as an analogue of linear
acceleration force have to be accessed with caution,
because of the angular component of the rotational
force. This component may interact with the natural
mechanisms of anterior-posterior axis formation
in vertebrate animals, vastly used as models in
developmental biology, such as G.galus®?.

One continuous effort of our group is to implement
and to propagate the use of 3-D clinostat: device,
capable of simulating microgravity, by randomizing
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X¥MCTOIOrMYIHO

Mucus MopenHO )XMBOTHO bpemennocT u pakgane Xopmonn
M3CIeIBaHe
] g Histological
Study Model animal Gestation Hormones ﬁndingg
ExcrieprimenTN Ha HucKa 3eMHa opouta (H30)
Experiments conducted on low Earth orbit (LEO)

MBEXKV 11 JKEHCKVI IUTBXOBE,

OCTaBeHM J1a ce YndTocBaT

TI0 BpeMe Ha II0JIeT; JKeH-

CKVITe, WACIEIBAE! CITel] 2o0rb5 ergKM TIOKa3BaT pU3HaIIV

[IOIeTa 32 IIPM3HALIA Ha Ha paHHa OpeMeHHOCT c TIoCiIeIBalla .

5 3ary6a Ha 11012 HJ, HJI
COSMOS-1129 | PPEMEHHOCT

Male and female rats 2 of 5 females showed signs of early ND* ND

; estation with subsequent pregnancy

allowed to mate during ﬁ) s

flight; females examined

after flight for signs of

pregnancy

Bbpemennm rurexose Ha I'7] | HamasieHo Teryio Ha IutatieHTUTe 1

13-18, HsikOM eBTaHas3u- YIbJDKEHO pak[aHe B II0JIeTHaTa rpy-

panm mpm Kartase, Hakon | rma. HC 6povt Ha moromcTBoTo Ha GD

OCTaBeHMN Jla pak/ar; 18 vy mput paxane; HC detanso

BUBapuyMHM 1 cMHXpoHHM | Tersio GD 18; | Terso mpu paxmane; HIT HIT
COSMOS-1541 | KOHTPOIM TiepyHaTaIHa CMBPTHOCT

Pregnant rats flown on GD | Decreased placental weights and ND ND

13-18, some euthanized on | lengthened labor in flight group. NS

landing, some allowed to | litter size on GD 18 or at birth; NS

give birth; vivarium and fetal weiﬁht GD 18; | birth weight; 1

synchronous controls perinatal mortality

HC ITPOMEHM B ITPOABJKUTEITHOCTTA Ha HC IDOMEH
Bpemennm rursxose, I'7] OpemeHHOCTTa, yBesmuasare Ha Teioto | T FSH; B Tem%m H;
9-20 B KOCMOCa, XeMV-XV- Ha MariKara, [IPOIb/DKUTETHOCTTA Ha MUTyUTapeH

CTEPEKTOMVISE, CTIE]] TOBA
pakiaHe ciiel] 3aBpbIliaHe
Ha 3eMsITa; CUHXPOHHY 1

pax1aHeTo; T JIOPIIO3HM KOHTpPaKIVV, HO
He V1 BePTUKAIHV KOHTPAKIINV TI0 BpeMe
Ha paxtaneto; HC mpomenu B pasmepa

HC IIPOMeHM B
LH, P4,

SAVIYHULIATE U
xurodusara,
Opovt Ha aHTpaJI-
HuTe PONMKYIIN U

BUBapUyMHV KOHTPOJIV Ha TIOTOMCTBOTO; |TeryIo IIpu paxaxe; OUTYUTapeH
NIH.R1 IlepyHaTaIHA CMBPTHOCT FS]—Iy KBJITIITE Tesia
Pregnant rats, GD 9-20 in .
space, hemi-hysterectomy | NS changes in gestation length, maternal | 1 FSH; I;Ii;i};in;gﬁz m
then parturition weight gain, duration of parturition; 1 pituitary LH; ituitary weichts
after return to Earth; lordosis contractions, but not vertical NS changes Eumberyof angtral,
synchronous and vivarium | contractions during labor; NS changes inLH, P4, follicles and
controls in litter size; | birth weight; 1 perinatal pituitary FSH
: corpora lutea
mortality
HC npomenn B mpxvHaTa Ha OpeMeH- Enem Ha MyomeTpu-
Bpowersm romsone, T | ST 10T vankare, o pam ) e
- 7
s wiofa Ha I'7] 20; mesxy 7120 n
CJIeJT 3aBpBIIIaHe Ha 3eMs- | Myomerpw-
Ta; CUHXPOHHIL 11 BUBApIIY- 1 JIOPTIO3HV KOHTPAKIINY, HO He 11 p CJle]] paskjiaHe caMo
METV KOHTPOIHL BEpTVKA/IHM KOHTPAKLIMV TIO BPEMe | o vy 43 Ipyi rpyTiaTa Ha
NIH.R2 Ha paXIaHeTo; | TeIo TPV paKIaHe JIeTesnmTe.
Pregnant rats, GD . . |Myometrial
1B spoce prriion | NSchangeo ngestafonlength | conneingar | el
after return to Earth; Lo L . term; o .
synchronous and vivarium | Parturition, fetal mass at GD 20; 1 GD 20, |myometrial
ant rols ordosis contractions, but not vertical volume between GD
contractions during labor; | Birth 20 and postpartum
weight in flight rats only.
ExcriepriMeHTV 3a cCMyJIMpaHe Ha MUKPOIpaBUTAIIVs, Ype3 OKauBaHe Ha Ta30BUTe KPaVTHUIIN
Experiments conducted with simulated microgravity by HLS
| E2;
HC nmpomsna B
P4, LH, FSH;
ITrbX0Be, OKaueHM 3a 1 IBJDKMHA Ha
38-42 1HuM, eBTaHaA3MpPaHN HII IVKBJIa | ecTpyc; HIT
Tou et al.. 2004 | 1O BPeMe Ha ecTpyc Touectpyc
4
ND ND

Rats, HLS for 38-42 days,
euthanized on oestrus

| E2; NS change
in P4, LH, FSH; 1
Cycle length;

| oestrus;
Tdioestrous
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*HII - nama dannu, HC - ne cuenugpuxanmuu, I'll -eecmayuoten oen
*ND - no data, NS - not significant, GD - gestational day
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HEVICTBUTETHOTO TIPaBUTAL[MIOHHO YCKOpeHIMe Ha
obeKTa, HUTO paHIOMM3MpaHe Ha BeKTOpa Ha g-CU-
7aTa. BMecTo TOBa XMBOTHNMTE OMBAT OKa4deHW IIOf
Br'bi1 30° cIpsIMO MOBBPXHOCTTA, KOETO OrpaHnyaBa
crocobHocTTa MM Ja ce aswkart. IlyGrmkysanuTe
eKCIIepVMEHTVI OTHOCHO YCJIOBMSTA Ha MMKpPOIpa-
BUTAIMs ca 00obmenn B Tabmmma 2 (MommdmIim-
paHa or Mishra et al. ™). VI3pppiienn ca excriepu-
MEHTW C Xulleprpasuranus ¢ 2,3 g 1o 3 g, 3a J1a ce
m3crtenBa edpeKTa OT M3CTPeIBAHEeTO WM IIOBTOPHOTO
BJIM3aHe, KaKTO I Bb3MOXHITe MaHeBpM 3a 3a0aBs-
He 11 pe3yJITaTUTe pasKpuBaT IIO-BICOKA HeOHaTasl-
Ha CMBPTHOCT IIPVI XXVUBOTHVI, V3JIOKeHN Ha 2g (1920,
ExcriepmMeHTMTE ¢ XUIIeprpaBUTAaIINs, U3IIO0I3BaIIN
LIEHTPOOeXHa CIla KaTo aHaJIOr Ha cylaTa Ha JIU-
HeVIHO yCKOpeHme, TpsIOBa Aa ObaaT pasriieXmaaHu C
IIOBVIIIEHO BHVIMAHVe, IIOpayl ‘bIJIOBVS KOMIIOHEHT
Ha BbpTIIATa cila. To3u KOMIIOHEHT MOXe [1a B3a-
VIMOZIEVICTBA C eCTeCTBeHWTe MeXaHM3MI Ha obpa-
3yBaHe Ha IIpefHaTa M 3aJHaTa OC LpU I'pbOHAUHMI
JKMBOTHVI, ITMPOKO M3II0JI3BaHV KaTO MO B Omo-
JIOTVIsiTa Ha pa3BUTHETO, KaTo Hanp. G.galus®?.

CrpemMeXxbT Ha HalllaTa Tpylla e Jia npulara u pas-
NpocTpaHsABa W3IIO/I3BaHeT0 Ha 3-D  KimHOcTar:
YCTPOVICTBO, CIIOCOOHO [1a CUMYJIMpa MUKpPOTpaB-
Tanys, Ype3 paHIoMU3MpaHe Ha BeKTOpa Ha I'paBu-
TaljMiOHHaTa C/ia, He caMO B eKCIIEpYMEHTHU C KJle-
TBYHU KYJITY PV, HO ¥ C OPTaHOMAN ¥ eMOPVMOHM.

3AK/TFOUEHWME

IIpencrostmoTo M3ciieBaHe Ha KOCMITIECKOTO IIPOC-
TPaHCTBO ¥ IIPOKeTUTe 3a eKCIUIoaTallysITa My MMaT
MHOTOOPOVIHVI IOCJIEANIIN 3a TIOUTV BCEKM acIeKT OT
CbBpeMeHHWTe Hay4HV IIPOeKT! ¥ KyJITyPHOTO Bb3-
OpUSATIE Ha YOBEUECTBOTO.

Kocmmuecknre cranmmm, or MoHOMTHM Kato Ca-
moT, Anmas u Skylab, mo monmyyimm kato Mup, 1SS
u Oppemara Lunar Gateway, mpemocTaBsT CIIOKeH
Habop oT daxTOpM, XapaKTepHM 3a KoCcMMYecKaTa
cpera, HO IIOBEYeTO OT Te3M paKTOpm MoraT fa Ob-
JaT Bb3IIpousBedeHN Ha 3emsTa. Vsrpakpganero Ha
YCTOIYMBYL 11 BCeoOXBaTHV KOCMIYeCKM MofIenv, Oa-
3MpaHN Ha 3eM4dTa, e U IIe Oblle egHa OT Hall-TPYA-
HWTe V1 BaXKHU 3a7a4Vl, 3MICKBallla CbBMECTHUTE YC-
M Ha KBATMUITMPAaHM WMHTEPANCIUIDIMHAPHN
Hay4IHU KOJIEKTVBL.
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the vector of the g-force, not only in cell culture
experiments, but with organoids and embryos®.
Compared with LEO experiments, the use of clinostat
for achieving microgravity is non-expensive and the
experiments, performed with this equipment are
much easier to reproduce.

CONCLUSIONS

The problem of space exploration itself has numerous
implications on almost every aspect of human
scientific output and cultural perception.

Space stations, from monolithic as Salyut, Almaz,
and Skylab, to modular as Mir, ISS and the future
Lunar Gateway provide complex range of factors
characteristic for the space environment, but most of
these factors can be reproduced on Earth. Building
sustainable and comprehensive Earth based, space-
like models is, and will be one of the toughest and
most important tasks, demanding the joint effort of
skilled interdisciplinary scientific collectives.
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OBAPUMAJIHV CTBOJIOBU KJIETKUM - PASBUTWE B U3CJIEABAHUATA
IIPE3 ITIOCJIEAHWTE 15 TOOVMHWM U ITEPCITIEKTVIBU
3A PEITPOOYKTUBHATA MEAVIIIVMHA

Xpucrosa E. !, [Terpytiko M. 2
! Mncmumym no buosoeus u umyHosoeus na pasmuoxabanemo , Axad. Kupua bpamano6” - BAH
? Uncmumym no npobaemume Ha kpuoduoso2usma u kpuomeouyunama, e. Xapkob, Yxpaina

OVARIAN STEM CELLS - DEVELOPMENTS IN THE LAST 15 YEARS
AND FUTURE PERSPECTIVES FOR REPRODUCTIVE MEDICINE

E. Hristova !, M. Petrushko 2
! Institute of Biology and Immunology of Reproduction — Bulgarian Academy of Science
? Institute for Problems of Cryobiology and Cryomedicine, Kharkov, Ukraine

Pestome: Cybpepmurumema e Baxen coyualer u uKoHo-
Mmutecku npobaem 6 pasBumume cmpanu, koimo npubau-
ua Bce nobeue Brumanue npes nocieo0HUmMe 0ecermuiemus.
Emuosoeusma my npu sxenume moxce 0a ce 0s/0ku HA pe-
ouya npuuunu - ybeaunabare Ha Ge3pacmma 3a 3auebare,
nobmapAuu ce cnowmanHu abopmu, mybapen gpaxmop
u 0p. Mroeo om msax ce acoyuupam c pasiuynu 6udobe
oBapuasna Oucgpynryua. Eono npoyubane na [Iwoncen
u comp. npes 2004 e. ¥, xoemo noxkasba nasuuuemo Ha
cmboaobu xkaemku 6 AuuHUUY HA Bo3pACIHU MUWKU,
npoboxupa unmepeca Ha yuenume 6 obaacmma Ha pe-
npodyxkmubHama meouyuna, nopadu nomeHyuaLl UM 3a
paspabombare Ha pasiudny kiemeuny mepanuu. Hesabu-
CUMO 0111 3HAYEHUENO UM 30 (PUSU0A0UAMA HA ATUHUKA,
nemmuadecem 200UHU No-koCcHO, Bce ouje ceuyecmbybam Ha-
Ko npomubopeuiis 0MHOCHO U30AUPAHEMO HA cmBos06u
Kaemxu 6 obapuyma.

BovBenenme:

OOrmonprieTaTa miest BbB (PVBMOIOIMATA, Ue KEHCKIUTe
VIHIAVBUIIV Ce PaXK[IaT C OIIpefieieH Opovt IIpOreHnTopy
Ha SVIEKJIETKI VI C BPEMETO TSXHOTO V3UepIIBaHe BOIV
710 HacTBIIBaHe Ha MeHOIIay3aTa e IIpefyIokeHa OT 3y-
kepMaH Iipe3 1951 @. Herosure 3aK/IIOueHNMsI OCTaBaT
BaJIVIIHY /IO TIpOydYBaHMATa Ha [IDKOHCHH U CBTp. TIpe3
2004 r. ¥, KOUTO yCTAaHOBSIBAT, Y€ aTPEeTUUHNTE POIIMKY-
JIV BB3HVKBAT C TaKaBa YeCTOTa, 4e B AVYHMKA HAMa J1a
OCTaHaT OOLIMTV MHOTO II0-PaHO, OTKOJIKOTO Ce HaOJIIo-
IlaBa B HEVICTBUTEIIHOCT. YUeHWTe IIpe/Iiorarar, 4e Cb-
IIIeCTBYBa IOYJIAllS OT MUTOTWUYHO aKTVMBHU KJIETKM,
KOWTO VIMaT CII0COOHOCTTa J1a IO IbpKaT (popMupaHe-
TO Ha SAVIIIEKIIETKU M (POJIVKYIIVI B TIOCTHATAJTHIS TI€PY-
or1. OTKpMBaHeTO Ha OBapMaIHUTe (MJIV KaKTO CBITIO ca
m3BecTHM ooroHarHM) ctBosiosn KireTku (OCK) oTHOBO
pasmaim gebarmre B obactTa. Hesaswcvimvo, e Bee orre
MMa CKENTHUIIN3BM MEXJy W3CIIeIoBaTeITe OTHOCHO
CBINIECTBYBAaHETO MM, pas/IMYHIM Hay4YHW TPYIN JIOK-
napsat vsorpanero Ha OCK ot mumku ©, rorexose @),
npumarn ©, ceuse ©, yopex @ v ip.

M3onupane wm OWMOJIOTMYHM XapaKTepMCTHMKNM Ha
OCK:

Ilo Bpeme Ha CBOETO MMUJIOTHO M3CiIefiBaHe [IKOHCHH 1
cwTp. ) MImeHTVMIIMpaT IOMyIalys OT KJIeTKV B SIVId-
HUK OT MMUIIIKa, KOUTO eKcripecupat mmpoTerHa DEAD-
box polypeptide-4 (Ddx-4), xoviro nipencrasisgsa PHK
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Abstract: Subfertility is a significant social and economic
issue in developed countries, which has gained increasing
attention over the past decades. In female patients, its
origins are of various nature — advancing age to conceive,
recurring miscarriages, tubular factor and others. Many
of the causes are associated with different types of ovarian
dysfunction. A research by Johnson et al. in 2004 @
showing the occurrence of stem cells in adult mouse
ovaries, has drawn the attention of scientists in the field
of reproductive medicine for the potential to develop
treatments for those conditions. Fifteen years afterwards,
however, regardless their physiological significance the
controversy surrounding the stem cells in the ovary is still
0ngoing.

Introduction:

The concept in mammalian physiology that the
female animals are born with a finite number of
oocyte progenitors and their exhaustion with age
leads to menopause is proposed by Zuckerman in
1951 @. Those conclusions remained unquestioned
until the findings of Johnson et al. in 2004 @, that
follicles are undergoing atresia at such a rate that
the ovaries would have been depleted of oocytes far
earlier than it is actually found in vivo. The group
suggested the existence of a population of mitotically
active cells, which are able to maintain oocyte and
follicle production in post-natal life. The discovery
of the ovarian (or, as they are also known oogonial)
stem cells (OSCs) has reignited the debate in the
field and during the following decade, although the
skepticism about their existence was still expressed
by some scientists, different research groups have
reported the isolation of OSCs from mice ©), rats ©),
non-human primates @, pigs ©, humans @ and others.

Isolation and biological characteristics of OCS:

In their pioneering research Johnson et al. ® identified
a population of cells in the mouse ovary, expressing
the vasa homologue DEAD-box polypeptide-4
(Ddx-4), a germline RNA helicase. The protein takes
part in the regulation of some important cellular
processes like the initiation of translation, assembly
of ribosomes and the formation of the secondary
RNA structure. It is expressed in spermatogonial and
oogonial germ cells and is involved in their lineage
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xeJvKasa, crenmududHa 3a KIeTKM Ha 3apofiuIliHaTa
TMHMA. BelITBKBT yuacTBa B peryJiammsara Ha HIKOM Ba-
JKHVI KJIeTBIHV ITPOIIeCcH KaTo MHMIIVALIMS Ha TpaHCIa-
IMATa, aceMOIMpaHeTo Ha PUOO3OMHIUTE CyOemMHIIN
U dopMMpaHeTO Ha BTOpMYHAaTa CTpyKTypa Ha PHK-
ure. Excripecmpa ce B criepMaTOroHMMTE VI OOTOHWINITE
U e CBbp3aH C PasBUTVETO Ha TsIXHaTa KJleThIHa JIVHIS
®. OcBeH TOBa, M30IMpaHITe KIIETKV Ca OVIIVI CTIOCOOHM
Ia MHKOpIOpMpar 5-0pOoMONEeOKCHYpPUIONH B TAXHAaTa
JIHK-mor1eKyJ1a, KoeTo e MHAMKaIN, 4e aKTUBHO IIPOo-
mdepupar. OCK cbimo Taka ekcripecupar criermdnd-
HVS 32 MEVIOTMYH KJIeTKV CMIHeIITOHeMasleH KOMITJIeKC
npotenH 3 (SYCP3). BriocsiencTsite, HAKOIKO jraboparo-
pun mpasaT onuTu f1a nsonupar u Kyiarusupar OCK,
HO pe3yJITaTuTe CaMo Ollle II0Bede 3a/bI00o4daBaT IIpo-
TuBOpeunsaTa Mexmy yuenwure. [Ipes 2009 r. 3oy u cwrp.
yersgsar ga nonmydar OCK oT MUINKW, 4pe3 eH3VIMHO
TpeTupaHe Ha OBOPVMAJIHVI KOPTEKC ¥ IMyHOMaTrHUTHO
copTupage 10 ekcrpecusara Ha Ddx-4 ©. Vzommparwre
KJIeTKM Ca IIO3MTMBHM 3a MapKep, XapaKTepH 3a CTBO-
JIOBU KJIETKV M TaKVBa Ha 3apofuiiHara jJivang - Oct-4,
DAZL, FRAGILIS n STELLA, Ho He u1 3a crienvaHMs
3a OOLIMTHU MPOTeMH 3 Ha 30Ha Nelynuaa. B nombiiHe-
HIIe, aBTOPWTe IIOCTUTaT HacodeHa AvidepeHITrarys Ha
OCK B sMIIeKsIeTKN 1 JIa IoJIy4aBaT XXUBO ITOTOMCTBO
cJlef], IEDKEKTMPAHeTO VM B SVYHUIIN Ha MHPePTUIIHN
mumikn. IlogoOHm r3crensadms ca MpoBeeHN 1 Ipu
4oBek ot Yant u cerp. 9, ipy kouTo uH Bumpo KynTu-
Bupany Ddx-4 mo3uTmBHM KJIETKM ca MHAYIMPaHU B

development ®. In addition, the isolated cells were
able to incorporate 5-bromodeoxyuridine in their
DNA molecule, an indication that they are actively
proliferating. They also expressed the meiosis-
specific polypeptide synaptonemal complex protein
3 (SYCP3). Since then, several attempts have been
made to isolate and culture OSCs, but the results only
deepened the ongoing controversy. In 2009, Zou at
al. were able to purify OSCs from mice by enzymatic
digestion of the ovarian cortex and immunomagnetic
sorting for the expression of Ddx-4 ©. The isolated
cells were also positive for the germline and stemness
markers Oct-4, DAZL, FRAGILIS and STELLA, but
not for the oocyte-specific marker zona pelllucida
3 protein. Furthermore, the authors were able to
differentiate the cells into oocytes and obtain a
viable offspring when injected into the ovaries of
infertile mice. In humans, similar investigations were
performed by White at el. ™, in whose experiments
the oocytes generated from cultured Ddx-4 positive
OSCs have been shown to express terminal
differentiation markers like zona pellucida proteins,
SYCP3 and growth differention factor 9 (GDF9). In
the same study, green fluorescence protein (GFP)
transfected OSCs were injected into human ovarian
fragments and transplanted into NOD-SCID mice.
After two weeks, the formation of follicles containing
GFP-positive oocytes has been observed. In addition,
other studies showed the expression of different

Taba. 1: Excnpecus u Aokaiusayus Ha pasiuunu mosekysnu mapxepu om OCK u speau ooyumu.
Table 1: Expression and localization of different molecular markers on OSCs and mature oocytes.”

OOLIVITY ¥ ca OVyIN CTIOCOOHM Ia eKCIIpecupar MapKepw,
XapaKTepHW 3a TepMVHaJIeH CTafuil Ha AvidepeHIar-
Vs - IpOTerHM OT 30Ha nenyunaa, SYCP3 u pacrexen
u nudepentypart dakrop 9 (GDFY). B ceimoro mpoyy-
Bae, OCK TpaHcdeKTpann ¢ 3eyieH prryopeciieHTeH
npotenH (GFP) ca MmKeKTvpaHV B YOBEIIKM OBapyaJl-
HU dparMeHTN M TpaHCIuIaHTMpaHM Ha NOD-SCID
MUIIIK. []Be ceqMuUIIM Mo-KbCHO e HabmromaBaHo op-
MupaHeTo Ha oKy, ceabpxkariy GFP-osurmsam
amrekeTkn. OcBeH TOBa, APYTY M3C/IeIBaHs ITOKa3BaT
eKcripecraTa Ha pasiuny Mapkepu ot OCK, xapakrep-
HM KaKTO 3a 3PeJIVi OOIIUTY, TaKa ¥ Ha CTBOJIOBY KJIETKM
(Tab. 1).
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markers, characteristic for both mature oocytes and
stem cells (Table 1.).

The extensive research carried out in the field
after the discovery of the OSCs has led to the
identification of two distinct stem cell types in the
post-natal ovary. This heterogeneity consists from a
population of quiescent smaller cells with pluripotent
characteristics, called very-small embryonic-like cells
(VSELs) and the OSCs, which are characterized with
a slightly larger diameter and active proliferation.
VSELs are located in the ovarian surface epithelium,
have the ability to undergo asymmetric cell division

Embpuosoceus Tom 10 Kruxka 1



IvipokwTe IpoyYBaHis, IPOBEAEHN CJIe] OTKPVUBaHETO
Ha OCK BOmST 0 MIOeHTMMUITIPaHeTO Ha JIBa OTAETHN
BUJIa CTBOJIOBY KJIETKM B IIOCTHATasIHA STYHIMKOBA Th-
KaH. Ta3 xeTeporeHHOCT ce ChCTOM OT efHa TIOITyIaIiys
OT HeaKTVBHU IIPOreHNTOPY C TI0-MaJIKV pa3Mepu, Kou-
TO MMaT XapaKTePVICTVKM Ha Iy PUIIOTeHTHY KJIeTKY,
HapedeHV MaJikv eMmOpmoHasHo-tionodbum (VSELs) u
OCK, xouto ce omInyasar ¢ II0-TOJISIM AMaMeTbp U aK-
TnBHa npommdepanms. VSELs ca gokanmsmpaHu B IIO-
BBPXHOCTHVS €VTelT Ha AVYHMKa, IMAT CIIOCOOHOCTTa
Jla ce JIeJIAT acumeTpraHo u ekcrpecupar Oct4. VI isara
THUIIa KJIETKV eKCTepHaJIVI3UPAT PelenTopy 3a PoIvKy-
no-ctumynmpariys xopmod (PCX) Ha KiIeTbuHaTa CU
MemOpana (2.

OCK u moTeHIIMaJIHM cTpaTerny 3a 3ala3BaHe Ha
depTunuTeTa:

Kpnonpesepsarmsra Ha oonuTI M eMOPVOHM Bede e
IITIPOKO 3aCTBIIEH MeTO 3a 3aIla3BaHe Ha (pepTiImTeTa
TPV TIAIVIeHT, CTPaalyl OT pakosu 3abonsBaHMs. 3a
CbXasleHe, obade, TOVI He MOXe /1a Ob/le IPUIIOKEH B
HSKOVI CJIyday KaTo JKeH) B IofpacTBallia Bb3pacT U Ta-
KVBa C IpeXIeBpeMeHHO M3UepIiBaHe Ha STIHVKOBS
peseps. C ugentudvmmpanero Ha OCK, sHaunTeHO ce
pasiIpxa v BE3MOKHOCTUTe TIPefT yIeHTe 1 KITMHU-
LVICTUTe 3a pa3padOTBaHe Ha HOBY TIOJIXOMM 3a JIeUeHe
Ha Te3M ChCTOSHIISL.

Mn 6umpo domukysoreHesara e efgHa OT IOTeHIIMa-
HUTe cTparermu 3a pOpMysIMpaHeTO Ha obeIaBary
TIONIXOMM 3a JiedeHVe B PelpomyKTMBHATa MeOVIIVHa.
IIbpBOHaYaIHaTa eKCIepyMeHTaIHa padoTa B oOsac-
TTa e IIpOBefIeHa BbPXYy eMOPMOHAIHY ¥ VHIYIMpaHU
wiypunotreHTHN cTBOsIoBN KileTku (nI1CK). Be3amksar
orpeziesieHy mpobiemMn obade, BEB Bpb3Ka ¢ (paKTa, ue
HIOJTy 9eHWTe KJIeTKV, KOUTO Harlofo0sBaT Te3! OT 3apo-
AVIITHAaTa JIVHNS TpsiOBa Aa BIIA3aT B KOHTAKT C peTasl-
Ha TOHafaJIHa TBKaH, 3a Ja oOpa3yBaT 3peyiu OOLITH,
kakTo 1 ToBa, e uIICK mpemuHasar rpes reHHO pe-
nporpamupase. IlogoOHm ycioxHeHMs MoraT 1a Obaar
npeoporieny, ako ce msnomsear OCK mpu dommkyrio-
reresata. OcBeH TOBa, CIIOCOOHOCTTa MM [ia TeHepupar
aKTVIBHI OOLUTH Bede e poydeHa (¥, HO crlecTByBaT
BBITPOCH, KOUTO OCTaBaT HepelleHN. V3cIenBaHms Bbp-
Xy eKcIeprMeHTaIHV Mofesu mokassat, ge OCK tps0-
Ba /1a OBAAT KO-KYJITMBMpPAHMU C IPaHyJI03HM KJIeTKN B
PaHHM CTelleHN Ha AvidepeHITaIs, 3a 1a Morar Jia ce
dopmupar BuTasHM TpUMOpAVanHu oKy Bee
ome obade, ygeHWMTe He Ca JOCTUTHAJIV O KOHCEHCYC
OTHOCHO TIOJIOXWTEJIHaTa VIeHTVUUKAIVSA ¥ MeTOON
3a M30MIMpaHe Ha Te3U I'PaHYJIO3HM KJIETKM OT OBapu-
aJIHa TPKaH Ha Bb3pacTeH opraamssM ¥, B mHTEpecHO
nscinensare Ilapsapy n cbTp. ¥ mokIamBar ycrenHa
mudepentimanys Ha mumm OCK B oommro-riomo6HM
KJIeTK/ 9pe3 KO-KyJITMBVpaHe IIbPBOHAYaIHO ¢ duizie-
peH cJtoit oT eMOpmoHasHM drbpobIacTyt 1 crlef, ToBa
C VMHAKTMBVWpPaHV TpaHylI03HM KieTku. Ilomydenure
KynTypu excrpecupar Ddx-4, DAZL n mapkepute 3a
ity punoteHTHOCT Oct4 1 SSEA1.Ipyrv aBTopu [10K1a-
IBaT YCIIENTHO MHYIVIPaHe Ha OOIUTO-TIOHO00H KileT-
KV C ITIOCTOSTHHO HapacTBalll AMaMeThp ¥ IOJIOKUTeTHI
3a MapKepy 3a ITBJIHO JVidepeHIpaHy AVIIeKIeTKNI
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and express Oct4. Both cell types externalize receptors
for the follicle stimulating hormone (FSH) on their
cell surface membrane 2.

OSCs and fertility preservation:

Ooocyte and embryo cryopreservation is already
a well-established and widely used technique to
sustain the fertility of female cancer patients. In
some cases, however, it is not an applicable method,
for example in adolescent girls and patients with
premature ovarian failure. With the discovery of
OSCs, the opportunities to develop new approaches
to treat these conditions have significantly expanded.
In vitro folliculogenesis is one of the possible concepts
for the development of promising techniques in
reproductive medicine. The first experimental work
in the field was performed on mouse embryonic
and induced pluripotent stem cells (iPSCs). Some
limitations have arisen, nevertheless, like the fact that
the generated primordial germ-cell like stem cells
need to come into contact with foetal gonadal tissue
to be able to mature into oocytes and the nuclear
reprogramming in iPSCs. Such complications will
be overcome when using OSCs for folliculogenesis.
Moreover their capability to generate competent
oocytes has already beenreported @9, but there are still
issues remaining to be solved. Experimental models
show that the OSCs need to be cultured together
with granulosa cells at early stages of differentiation
to be able to produce viable primordial follicles. Still,
a consensus among scientists has not been reached
about the identification and isolation of primitive
granulosa cells from adult ovarian tissue ™. An
interesting study design by Parvari et al. ™ shows
successful differentiation of mouse OSCs into oocyte-
like cells by culture on feeder-layer of embryonic
fibroblasts and subsequently on inactivated granulosa
cells. The obtained oocyte-like cells were expressing
Ddx4, DAZL and the pluripotency markers Oct4 and
SSEA1. Other authors have reported the generation
of oocyte-like cells, which progressively increased
in diameter and expressed terminal differentiation
markers like zona pellucida glycoproteins, growth
and differentiation factor 9 (GDF-9), SYCP3
(synaptonemal protein complex 3) and showed
molecular characteristics of haploid karyotype ®.

A promising approach to reconstitute the ovarian
function after cancer treatment is the re-implantation
of OSCs in the ovarian tissue with the hope to re-
establish its function. Encouraging results have been
gained in mouse studies, where OSCs have been
injected into mice after chemotherapy and viable
offspring was obtained ). Despite the recent advances
in the field, a number of unresolved issues still have
to be clarified. For example, how and to what extent
the microenvironment in the ovary after anti-cancer
treatment is altered and would it be possible for it to
favour the re-establishment of folliculogenesis.

Another possible strategy for the regeneration of
the ovarian function is also the re-activation of the
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- IJIMKOIpoTenHa oT 30Ha nenyunaa, GDF-9, SYCP3 n
VIMaT MOJIEKYJIIPHV XapaKTepUCTVKM Ha KJIeTKM C Xa-
IUTOVIeH Kapyoruil (%),

OOGermaBar Iogxo 3a Bb3CTaHOBSBaHe Ha OBapyasIHaTa
pyHKIM CTef JledeHMe Ha PaKOBY 3a00JIsBaHMI e pe-
mmvrimianTaysaTa Ha OCK B simyHMKOBaTa ThKaH, C el
a ce Bb300OHOBM HemtHaTa dyHKIMsA. OKypakaBary pe-
3yJITaTV ca MOy YeHN PV POy YBaHWS BBPXY MUIIIKY,
B konTo OCK ca MHXeKTrpaH B OBAPUYMU CJIeJT XVMWU-
oTepariis ¥ e poreHo XxmBo moroMcrso ©. HecbMHeHO
IIpe3 MOCTIeHIITe TOMMHY VIMa Pa3BUTHe B M3CiIeIBaH-
gTa B Ta3y 00JIacT, HO Bce OIle MMa peauIia BBIIPOCH,
KOWTO TpsI0Ba 1a ObaaT nssgcHenn. HarrprMep, 1o Kakes
HaulMH ¥ 70 KaKBa CTelleH ce IIPOMeHsI MUKpocperaTa
B AVIYHMKOBaTa ThHAH Cpe]l IIpylaraHeTo Ha aHTU-TY-
MOPHM areHTH 1 JOKOJIKO ITe MOXKe [ja CIIOMOTHe 3a Bb3-
CTaHOBsIBaHeTO Ha (POJIMKYyJsIoreHe3aTa.

[pyra Bb3MOXHa CTpaTterus 3a Bb30OHOBsIBaHe Ha OBa-
prasiHaTa PYHKIIVS € peaKTVBMpPAHeTO Ha JIOKasIHaTa
nontystaiys Ha OCK ciiep, sapbpIBaHe Ha JICYeHUETO C
MIUTOTOKCVYHY MeIMKAMEHTV. 3a ChXasleHve, MIeHTH-
(puIVIpaHeTo M YCIEITHOTO IIpsIaraHe Ha pacTeXHU 1
napakpvHHY (PaKTOpy 1 APYTY OMOIOrMYHO aKTUBHY
MOJIEKYJIM, KOUTO VMaT OTHOIIeHWe KbM AydepeHu-
IMaIATa Ha OOIUTTE U Pa3BUTIETO Ha (POIVIKYIINTe
oTaBa HepaspellleH BrIIpoc. OKypakaBally pe3ysiTaTi
ca moxtagsaay ot Crisectpuic u cwrp. 19, Konto yers-
Bar ja nosiydat oonuT oT OCK B KJIeThuHM KyJITY PUL.
[Ipeny3BuKaTesICTBO OCTaBa Aa ce aHaM3Mpa edpeKra OT
aHTU-TYMOPHUTe IIpeliapaTii BbB BCeKV OTHesIeH CITy-
yaVi (JTbueTepanmsTa VI aJIK/IMpaITe areHTH yBpeX-
Har momysanuuTe oT cTostosn kitetkn) u gamv OCK ca
TIOJIJIOXKeHY Ha yBpeXXaHe Ha MOJIEKYJTHO HVBO.

KpnobankmpaHeTo Ha oBapmaiIHV KOPTUKaIHM dpar-
MEHTM C TI0C/IefIBallla TPaHCIUIAHTAIV CBITO e TIPOoyd-
HEHO KaTo BB3MOXKHOCT 3a 3alla3BaHe Ha (pepTImTeTa
[PV HalVeHTV C paKoBy 3aborisiBaHMs, KaTo Opos Ha
poneHMTe fielia CJIef] M3IO0JI3BaHeTo My JocTura J10 25%
OT BCIYKM BUIIOBe ocTaHas nponenypu 7. [Jombian-
TeJTHM M3CJIeIBaHs ca HeoOXOMVIMY, 3a fla Ce YCTaHOBU
PUCKa OT IIpefiaBaHe Ha PaKOBV KJIETKM CJIeM, PEMVCH-
sTa. 3a IpeomorigBaHe HA Te3W IIPeUKV, KOPTUKaTHV
dparmenTy, ceappxary OCK, morar ga 6paaT m3mnons-
BaHe 3a HaMHOXXaBaHe Ha CTBOJIOBUTE KJIETKU U Avide-
PeHITMaIMsTa M B OOITITH, KOMTO MOrar fja Obar 3am-
pasenn. IIpoyusanmsra B 0bsacTTa, 0obade, Bce oImle ca
Ha TBBPJIe paHeH JTadopaTopeH eTarl 11 TBbpfe Haled OT
BBBEX/IaHe B IIPaKTMKaTa.

CpaBHWTETHO HOBA TEXHOJIOT IS — aBTOJIOXKEH MVITOXOH-
IpviajieH TpaHcdep OT KJIIeTKM Ha 3apOfiVIIIHaTa JIVMHIS
(AUGMENT) e mpemyio)keHa KaTo MeTO[, 3a JiedeHUe
[Py TAIVEHTV C IpeXIeBpeMeHHO W34epraH sid-
HVKOB pe3epB, C MOHVDKeH OTIOBOP Ha XOpPMOHaJIHaTa
CTUMYJIaLVIL ¥ TaKMBa C IPeIUIITHI HeYCIeTHN IIpo-
LeIypy II0 acvCTVpaHa pelnponyKiys. Meronukara ce
Gasvpa Ha MoIMsIHa Ha MUTOXOHIPUNTE B AMIIeKIIeTKa-
ta ¢ TakmBa oT OCK no speme nHa VIKCV. Hesasucrmo
4e, BCe OIe KJIVMHWYHUTE IIpOydBaHNMs Ha MeTofa ca
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resident population of OSCs after the course of
cytotoxic medications is completed. However, the
identification and successful delivery of growth and
paracrine factors and the other biologically-active
molecules, responsible for oocyte differentiation and
follicle development is still an issue. A promising
results have been reported by Silvestris et al. ), who
achieved the generation of oocytes from OSCs in
cell culture. A challenge still remains to analyze the
effect of anti-cancer treatment employed in each case
(radiotherapy and alkylating agents may destroy the
stem cells populations) and whether the OSCs can
survive it without any damage at molecular level.
Cryobanking of ovarian cortical fragments with
subsequent transplantation has also been investigated
for fertility preservation of cancer patients, with
the number of life births reaching up to 25% from
all the other procedures ). Additional studies are
needed, however, to establish the risk of transferring
cancer stem cells after remission. To overcome those
limitations, cortical fragments, containing OSCs
may be used for in vitro expansion of the stem cells
and their differentiation to oocytes, which can be
cryopreserved, but the investigations in the field are
still in a very early laboratory phase and far away
from application in clinical practice.

A newly-proposed technique - autologous germ-
line mitochondrial energy transfer (AUGMENT)
is emerging for the treatment of infertility patients
with premature ovarian aging, poor responders
and with previous assisted reproductive failures
related to ovarian function. The method is based
on the replacement of oocyte mitochondria with
autologous ones, isolated from OSCs during the
time of intracytoplasmic sperm injection (ICSI).
Although, the trials conducted so far are few, they
demonstrate conflicting results (#'). Moreover a
triple-blind, randomized controlled study conducted
in Spain, showed no improved cumulative birth
rates for patients with poor embryo quality and was
discontinued .

Concluding remarks:

After the discovery of OSCs a lot of research was
focused on developing promising strategies for the
treatment of infertility patients. Despite the fact,
that certain advances have been already made in the
field, particularly in in vitro folliculogenesis and the
generation of oocyte-like cells in human and mouse
models, extensive studies are needed to clarify the
process of female gametogenesis and thus to allow the
translation of the emerging OSCs-based technologies
into clinical practice.
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MaJIKO, Te IIOKasBaT IIPOTMBOpeumBM pesyirarm (819,
OcBeHTOBa, TPOVIHO-CIIAIIO, PAHAOMI3PAHOM3CIIe[BAHe
IIpOBeJIeHO B VICTIaHs, IeMOHCTpIpa e HsMa TIOBMIIIA-
BaHe Ha KyMYJIATVBHVIS OpoVl paxIaHus IIpy IIalyieH-
TH € IIOHVDKEHO Ka4ecTBO Ha eMOPVIOHITE 1 e IIpeycTa-
HOBeHO @),

3akIrodeHmue:

Crnen orkpusateto Ha OCK, MHOXeCTBO ITpoyuYBaHUS
ca poKycrpaHM BBPXY pa3padOTBaHETO Ha CTpaTerum
3a JjledeHVe Ha MHMepTUIMTeTa. Hesasncymo, e vva
oIIperieJieH HaIlpebK B 00JIacTTa ¥ IO-CIIeIVIaIHO B
uH Bumpo dorvKyIioreHesara 1 audepeHIalaTa Ha
OOLIVTO-TTOTOOHYI KJIETKM TPV MVIIIV V1 YOBEIIIKI MOfIe-
JIVI, IHTEH3VIBHY M3CJIefIBaHMs ca HeOOXOIMMY, 3a Ja ce
HOJTyYaT JIeTavUIHVI CBEJIeHs 3a IIpolleca Ha OBOTeHe-
3a 1 BeBeXAaHeTo Ha Te3n OCK-Oasvpanm mogxonm B
KJIMHMYHaTa ITpaKT1Ka.
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