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AHHOTAIIUA

PacrpocTpaHeHHOCTh TeHETHUYECKHUX aHOMAJIMH y MyX4YWH C OecruiojiueMm cocTtasiser 5.8 % (n = 9766), U3 HuUX
4.2 % — aHOMAJINH TIOJIOBBIX XPOMOCOM U 1.5 % — ayTOCOMHBIE aHOMaJIUN; B PO 5TOT IMOKa3aTe b BAPbUPYET B IIPe/Ieax
oT 4.72 % (n = 539) (HoBocubupck) 10 10.78 % (n = 204) (Cankr-Ilerepbypr, HUU akyliepcTBa, THHEKOJIOTHH U PEIPO-
nykrosiorun M. JT. O. OTTa) — MPOIEHT BhISBIISIEMOCTH, BEPOSTHO, 3aBUCUT OT KOHIIEHTPAIUH MAIUEHTOB B CIIEIUATU3H-
POBaHHBIX YUPEKIEHUIX. YUUTHIBASA BBICOKYIO YaCTOTY BCTPEYAEMOCTH T€HETHUECKUX aHOMAJTUH y GECTIOHBIX MYKUHH,
He00X0TUMO TPABUJIBHO MTOAOHUPATHh METO/IBI TUATHOCTUKHU B COOTBETCTBUU C KOHKPETHOM KJIMHUYECKOH cuTyanuei. [Ipu
CHI)KEHUU KOHIIEHTPAIUK CIIEPMATO30MI0B MeHee 10 MJIH/MJI PEKOMEH/YeTCsl POBeIeHIe KapUOTUIIUPOBAHMUS, TIPH
KOHIIEHTPAIIN MeHee 5 MJIH/MJI He0OXOIUM ITOVICK JieJIelui B JIoKyce AZF, IpU TSKeJIbIX HAPYIIEHHAX CliepMaToreHe-
3a — mouck mytamnuii B reHe CFTR. J[Jjisi OATBEPK/IEHUs TeHETUYECKUA 00YCIOBJIEHHOM acTEHO300CIIEPMHH TPeOyeTCst
IPOBE/IEHHE BJIEKTPOHHON MUKPOCKOIIMH CIIEPMATO30H/I0B.

VuuThIBask pa3BUTHE BCIIOMOTATEIHHBIX PEMTPOAYKTUBHBIX TEXHOJIOTHH, B TOM YHC/Ie aKTUBHOE UCIIOIb30BAHNE UH-
TPAIUTOIIIA3MAaTHIECKOH HHBEKITUHU CIIEPMATO30U/[a, U B3AUMOCBS3b ATOJIOTHHU CIIEPMATO30UI0B C TSAKETBIMU T€HETH-
YecKU 00yCIOBJIEHHBIMU 3200JI€BAaHUAME, HE0OX0UMO NH(POPMUPOBATH MOTEHITUATBHBIX POAUTEIIEN O PUCKAX JJIS 3710~
POBBsI OyAYIIUX JIeTel, KOTOPbIe HeCeT UCIIOIb30BaHUE TAKOTO MaTepHaa.

Karoueewnle cnro8a: My CKoe 6eCIuioivie, KOHIIEHTPAIUs CIIEPMAaTO30U/I0B, OJIUTO300CIEPMHS, IIOIBIZKHOCTD CIIEP-
MAaTO30U/I0B, aCTEHO300CIIepPMHUsI, MOP(OJIOTH CIIEPMATO30U0B, TepaTo3oociepmusi, dparmentanus JHK cepmaTto-
301/10B, KapuoTut, mytanus, AZF, CFTR.

ABSTRACT

The prevalence of genetic abnormalities in men with infertility is 5.8% (n = 9766), of which 4.2% are sex chromosome
abnormalities and 1.5% are autosomal abnormalities. In the Russian Federation, this indicator varies from 4.72% (n = 539)
(Novosibirsk) to 10.78% (n = 204) (St. Petersburg, the Research Institute of Obstetrics, Gynecology and Reproductology
named after D.O. Ott) — the percentage of detectability probably depends on the concentration of patients in specialized
institutions. Given the high frequency of genetic abnormalities in infertile men, it is necessary to correctly select diagnostic
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methods in accordance with the specific clinical situation. When the concentration of spermatozoa decreases to less than
10 million/ml, karyotyping is recommended; at a concentration of less than 5 million/ml, the search for AZF deletions is
necessary; in severe disorders of spermatogenesis — the detection of mutations in the cystic fibrosis gene (CFTR). To con-
firm genetically determined asthenozoospermia, the electron microscopy of spermatozoa is required.

Taking into account the development of assisted reproductive technologies, including the active use of intracytoplas-
mic sperm injection and the relationship of sperm pathology with severe genetically determined diseases, it is necessary to
inform potential parents what risks to the health of future children the use of such material carries.

Keywords: male infertility, sperm concentration, oligozoospermia, sperm motility, asthenozoospermia, sperm
morphology, teratozoospermia, sperm DNA fragmentation, karyotype, mutation, AZF, CFTR.

BBEJAEHMHNE

CorjacHO COBpPEMEHHBIM  IIPEJCTABIIEHUAM
My’KCKOe OecIuiofiyie SBJISAETCS MHOTO(AKTOPHOH
marosiorueil u TpebyeT MyJIbTHANCIUILITHAPHOTO
[IO/IXO7Ia ITPU BBIOOPE METO/I0B IUATHOCTUKY U JIeue-
uusa (EBporeiickas acconuanus ypoJoroB, 2000)
[1]. Ha ;mosto uanuonaTHyeckoro My»KCKOTO OecIuio-
JIAS TIPUXOTUTCS OKOJIO 30—40 % B CTPYKTYPE MYK-
CKOTO OECILTOIHS U TIPE/III0JIaTaeTCsl, YTO OHO MOYKET
OBITh BBI3BAHO HECKOJIBKUMH (DaKTOpPaMH, OJTHH U3
KOTOPBIX — FeHETUYECKHE U SITUTeHETHIECKHIE aHO-
manuu [2]. PacmpocTpaHeHHOCTh TeHETHYECKHUX
AaHOMA&JIMH y MYXYUH C OeCIIofjieM COCTaBJIseT
5.8 % (n = 9766), U3 HUX 4.2 % — aHOMAaJIUH I10JIO0-
BBIX XpPOMOCOM U 1.5 % — ayTOCOMHBIE aHOMAJIUH [ 2,
3]. B P® sToT mokasaTesib BapbHpOBaN OT 4.72 %
(n = 539) (HoBocubupck [4]) 1o 10.78 % (n = 204)
(Cauxr-Ilerepbypr, HI akyiepcTBa, THHEKOJIO-
ruu u penpoaykrosioruu uMm. J1.0. Orra [5]); mpo-
[IEHT BBIABJISIEMOCTH, BEPOSATHO, 3aBUCHT OT KOH-
[EeHTpaIlluy MAIlMEeHTOB B CIENHATU3UPOBAHHBIX
VUpexXJeHUusAx. B o0Ied momyasamuu y MJIaJieHIeB
MY>KCKOTO I10J1a pACIPOCTPAHEHHOCTh TeHETHIECKHIX
aHOMaJINH cocTaBuIa Beero 0.38 % (n = 94 465), uto
B 15 pa3 MeHbIIe, YeM y OeCIUIOAHBIX MY>KYHH, U3
HUX 0.14 % — aHOMA&JHU IIOJIOBBIX XPOMOCOM H
0.25 % — ayToCcOMHbBIE aHOMAJIUH [6].

B fAmoHunm npoaHaJIU3UPOBAIN KAPHUOTHUIIBI
1790 My»KYHMH C OGeCIUIOZMEM: YacTOTa XPOMOCOM-
HBIX aHOMAaJIUHM cocTtaBwia 12.6 %, u3 HUX y 3.6 %
ObLT BBIABIIEH cuHpoM KisitHdenvrepa, y 7 % —
ayTOCOMHBIE aHOMAJIUH, ¥ 2 % — Jpyrue aHOMaJIuu
MOJIOBBIX xpoMocoM [7]. B Huzepsiaugax Koropty
MY>K4YHH c OeciuiogueM (1223 4eJsl.) pas/iesIiIin Ha
JIBe TPYIIIIBL: ¢ a300crepMuel u 6e3 Hee. Oka3anochk,
YTO TPU OECIVIOINH C a300CIHEPMHUEN YacToTa Xpo-
MOCOMHBIX aHOMAJIUH 3aMETHO BbIIIIE — 15.2 %, 4YeM
nipu 6ecrutonnu 6e3 azoocrepmun — 2.3 % [8]. Tor-
Jla Kak B Mcnanuu nmpu obcaeqoBaHuu 787 mamueH-
TOB I[€HTpa PENpPOAYKIIUH AHOMAaJIMM KapHOTHIIA
0OHAPYKWIHN Y 14.8 % B IPYIIIE C TSKEJIbIM MYXK-
ckuM bOecrutoaueM [9].

INTRODUCTION

According to modern concepts, male infertility
is a multifactorial pathology and requires a multidis-
ciplinary approach when choosing methods of diag-
nosis and treatment (European Association of Urol-
ogy, 2000) [1]. The idiopathic male infertility ac-
counts for about 30-40% in the structure of male
infertility, and it is assumed that several factors are
responsible, one of which is genetic and epigenetic
abnormalities [2]. The prevalence of genetic abnor-
malities in infertile men is 5.8% (n = 9766), of which
4.2% are sex chromosome abnormalities and 1.5%
are autosomal abnormalities [2, 3]. In the Russian
Federation, this indicator varied from 4.72%
(n = 539) (Novosibirsk [4]) to 10.78% (n = 204)
(St. Petersburg, the Research Institute of Obstetrics,
Gynecology and Reproductology named after
D.O. Ott [5]); the detection percentage is likely to de-
pend on the concentration of patients in specialized
institutions. In the general population of male in-
fants, the prevalence of genetic abnormalities was
only 0.38% (n = 94 465), which is 15 times less than
in infertile men, of which 0.14% were sex chromo-
some abnormalities and 0.25% — autosomal anoma-
lies [6].

In Japan, the karyotypes of 1790 infertile men
were analyzed: the frequency of chromosomal ab-
normalities was 12.6%, of which 3.6% had Klinefel-
ter’s syndrome, 7% had autosomal abnormalities,
and 2% had other sex chromosome anomalies [7]. In
the Netherlands, a cohort of infertile men (1223 indi-
viduals) was divided into two groups: with and with-
out azoospermia. It turned out that in infertility with
azoospermia, the frequency of chromosomal abnor-
malities is noticeably higher — 15.2%, than in infer-
tility without azoospermia — 2.3% [8]. Whereas in
Spain, among 787 patients examined in the clinic of
assisted reproduction, the karyotype abnormalities
were found in 14.8% in the group with severe male
infertility [9].

In Brazil, 1236 karyotypes of fertile and infer-
tile couples who applied to 2 different reproduc-
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B bpasunuu npoaHanusnupoBaiu 1236 Kapuo-
THIIOB NAI[UEHTOB C¢ OecriogueM u 06e3, 0OpaTHB-
[IUXCs B TOCY/IAPCTBEHHBIH 1 KOMMEPUECKUH I[eH-
TPBI PENIPOAYKINHY [10]. ABTOPBI HE HAIIIN Pa3JIU-
9Ui MeX/ly TpylnmnaMu ¢ 6ecrioguem u 6e3, HO 00-
paraer Ha cebsi BHUMaHUe pa3Iddue B JI0JIe HOP-
MaJIbHBIX KaPUOTHIIOB B TOCYZAPCTBEHHOM I[€HTPE
(81.6 %) 1 xkommepueckoMm (93.2 %). B Typruu B ro-
CyZIapCTBEHHOM II€HTpe, aHAJIU3UPYs TPYIIY H3
274 4eJ. (151 JKeHIIUHA U 123 MY>KYHUHBI), TOJTY4IHU-
JIX COIIOCTAaBUMYIO ¢ Bpaswmimen m0JIF0 HOpMasib-
HBIX KapuoTHUIos (79.7 %) [11]. Ho y HuX okaszajcs
OY€eHb BBICOKUU POIEHT JIUII C CHHAPOMOM KIIsIiiH-
dernprepa (10.5 % ot 001Ied BHIOOPKHU MAIIUEHTOB U
23.6 % OT YKcaa BceX My»KUHWH). A COTJIaCHO OJTHO-
My U3 0030pOB, MOCBSIIIEHHBIX HEHPOIICUXOJIOTH-
YECKHUM U COI[MOYKOHOMHUYECKHM aCIEKTaM CHH-
npoma Kisitndesnprepa [12], 607bHBIE C 9TUM CHH-
JIJPOMOM B CpelHEeM HMeIT 0oJjiee HU3KHH
COIMATIPHO-9KOHOMHUYECKUM CTATyC M YaCTO HYK-
JIaI0TCs B TICUXOJIOTUYECKOH IMTOMOIIU ¥ KOTHUTHUB-
HOU Tepamnuu.

CorsiacHO pe3yJibTaTaM KCCJIEJIOBAHUS, TIPOBe-
JIEGHHOTO Cpe/IU MaI[ieHTOB KUEBCKOH PEITPOAYKTHB-
HOM KJIHMHUKUA (3414 4Yed.. 1741 >KeHIIWHA U
1673 My>KYHHBI), XDPOMOCOMHbBIE AaHOMAJTUU BBISIBJIE-
HBI B 2.37 % ciayuaeB [13]. CGamaHcupoBaHHBIE
CTPYKTYPHBIE XPOMOCOMHbBIE aHOMAJIMH TTpeobJaia-
JIM HAJ| YHCJIOBBIMH AHOMAIUSAMH U COCTaBUJIU
80.2 % ot uncsia Bcex XxpOMOCOMHBIX aHOMAJIUM, 00-
HapY>KEHHBIX B HCCJIEyeMOU TPYIIIIE.

Cpel KapUOTUIIOB MAIMEHTOB KJIWHUK JKC-
TpaKopHopajbHOTO  omiaoxoTBopenus (DKO),
KaccupUIUPYEMbIX KaK HOPMAaJIbHbIE, UMEETCS
3HAUYUTEJIbHAS JIOJII KAPUOTUIIOB ¢ HOPMAaJIbHBIM
nosumMopdusmom. Kak mpaBuiio, 3T u3MeHEHUs
3aTparuBalT NPHUIEHTPOMepHbIH C-XpomMaTuH
XpPOMOCOM 1, 9 ¥ 16, a TaK:Ke COUETAaHHbIE BapHaH-
Tbl. KpoMe TOTO, BCTpEUaTCsa U APyTrUe BapuaH-
THI TOJTUMOP(DHU3Ma, TAKHE KaK YBEJIUUEHHE CITYT-
HUKOBBIX HUTEH U CIYyTHUKOB aKPOIEHTPUUECKUX
xpoMocoM. Ha jaHHBIE MOMEHT BpEMEHH TaKHe
U3MEHEHHsI KIacCUuPUIUPYIOT KaK HOPMAaJIbHBIH
nostumopdusm. Ho B siuTepaType nosBIsAETCS BCe
0OJIbIlIE CBUJZIETEIBCTB O POJU MOTUMOPDHBIX
6710k0B C-XxpoMaTHHA B Ipoliecce Melo3a Ipu 00-
pasoBaHuu ramet [14]. EcTh Tak:ke JaHHBIE O BIIH-
STHUW HapylIIeHUH CUHANTOHEMHBIX KOMILJIEKCOB
reTepOXPOMATHHOBBIX OJIOKOB HEIEHTPOMEPHBIX
pEruoHOB Ha QEPTUIIBHOCTH, OCOOEHHO 3TO Kaca-
eres 1, 9, 15, 16, 21-i1 X u Y xpomocom [15].
N. Kosyakova et al. He Hann y6eauTebHBIX 0-
Ka3aTeJbCTB CBSI3U 24 reTepoMopdHBIX BapHaH-
TOB Ha XpoMocoMe 9 ¢ becrmoguem [16]. B uccie-

tion centers, state and commercial, were analyzed
[10]. The authors did not find differences between
the groups with and without infertility, but the dif-
ference in the proportion of normal karyotypes in
the state center (81.6%) and commercial (93.2%) is
noteworthy. In Turkey, when analyzing a group of
274 individuals (151 women and 123 men) from the
state center, a proportion of normal karyotypes
comparable to that of Brazil (79.7%) was obtained
[11]. But they had a very high percentage of
Klinefelter’s patients (10.5% of the total sample of
patients and 23.6% of all men). And according to
one of the reviews devoted to the neuropsychologi-
cal and socioeconomic aspects of Klinefelter’s syn-
drome [12], patients with this syndrome, on aver-
age, have a lower socioeconomic status and often
require psychological assistance and cognitive
therapy.

According to the results of a study of the Kiev
reproductive clinic’s patients (3414 individuals:
1741 women and 1673 men), chromosomal abnor-
malities were diagnosed in 2.37% of cases [13]. Bal-
anced structural chromosomal abnormalities pre-
vailed over numerical, and accounted for 80.2% of
all chromosomal abnormalities in the study group.

Among the karyotypes of patients from in vitro
fertilization (IVF) clinics, classified as normal, there
is a significant proportion of karyotypes with nor-
mal polymorphism. As a rule, these changes affect
the pericentromeric C-chromatin of chromosomes
1, 9, and 16, as well as combined variants. In addi-
tion, there are other variants of polymorphism, such
as an increase in satellite stalks and satellites of ac-
rocentric chromosomes. At this point in time, such
changes are classified as normal polymorphism.
However, there is more and more evidence in the
literature on the role of polymorphic blocks of
C-chromatin in the process of meiosis during the
formation of gametes [14]. There are also data on
the effect of disorders in the synaptonemal com-
plexes of heterochromatin blocks in non-centro-
meric regions on fertility, especially for the chromo-
somes 1, 9, 15, 16, 21 of X and Y type [15]. N. Kosya-
kova et al. did not find convincing evidence for the
association of 24 heteromorphic variants on chro-
mosome 9 with infertility [16]. The study included
334 carriers (189 women and 139 men, there were
no data on the gender of 6 carriers) of heterochro-
matin variants on chromosome 9 (192 patients from
Western Europe and 142 — from Eastern), who were
performed a 3-color FISH test (region 9p12 — 9q13
~ 21.1 with 8 locus-specific probes). The most fre-
quent were pericentric inversions (49.4%), 9gh-var-
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JIOBaHUE BKJIIOUUIH 334 HocuTess (189 JKeHIIUH
U 139 MYKUMH, JaHHBIX O IIOJIOBOU IPUHAJJIEXK-
HOCTH 6 HOCUTeJIeH He OBLIO) reTepOXpOMaTHHO-
BBIX BApHAHTOB Ha XpoMocoMe 9 (192 mammeHTa
u3 3anagHou EBponbl ¥ 142 u3 BocTouHOI), KOTO-
pbIM 6bLT TIpoBesieH 3-nBeTHbINH FISH-TecT (peru-
OH 9p12 — 9q13~21.1 ¢ 8 JIoOKyc-cllenupUIecCKUMU
nmpobamu). Haubosiee yacto BCTpedyasuch MEPH-
neHTpuuyeckue uHBepcuu (49.4 %), BapHAHTHI:
9oqh (23.9 %), oph (11.4 %), cenh (8.2 %), nuien-
Tpuueckud (3.8 %) u nmymmkatHeiid (3.3 %). Tpu
U3 24 BApUAHTOB Yallle BhISABJISJINCH y TAIIUEHTOB
u3 3anagHoi EBpoIsI 10 CpaBHEHUIO C MAllEHTA-
mu u3 Bocrounoii [16].

HcmaHckue ydyeHble TMPUIIUIA K BBIBOJY, UTO Y
My>KUMH C OecIuiofueM WMeeTCs 3HAYHUTETbHBII
MPOIIEHT MEHOTHYECKHX aHOMaJMi B MeTradase I
Me03a, CBA3aHHBIX CO CPEIHUMHU U OOJIBIIIIMU XPO-
MocoMamu. Ho KOJTM4YecTBO U TUII HAPYIIEHUH pas-
JIMYAIOTCS MEXJY PasHbIMU KJIETKAMHU OJHOTO U
TOTO 2Ke UHAUBU/IyyMa, YTO IIPEJII0JIaraeT cocylie-
CTBOBAaHUE KJIETOUHBIX JIMHUHI ¢ HOPMaJIBHBIM ITOBE-
JleHreM B Melo3e U ¢ OTKJIOHeHusAMH. Kpome Toro,
XPOMOCOMHBIE aHOMAJIUM B MeTadase Melo3a oka-
3aJIMCh TECHO CBSI3aHBI C OJINTO300CIIEPMHUEH y ma-
[IMEeHTOB U/WIN C NOJUMOP(HBIMU BapHaHTAMU B
UX KapuoTtuie [17].

YUuThIBasg BBICOKYIO YaCTOTy BCTPEYAEMOCTHU
FeHETUYECKUX AaHOMUTHU y OECIUIOHBIX MYKUYWH,
HeoOxXoauMO ueTko auddepeHIupoBaTh, B KaKUX
KJIMHUYECKUX CJIyJasX HeOOXOAUMO ITPOBOAUTD AU~
arHOCTHUYECKHUH TTOUCK.

KOHIOEHTPAIINA CIIEPMATO30U-
JOB U TEHETUNYECKHNE AHOMAJJINN

JlocTaTOYHO JJaBHO OIKMCAHA B3AUMOCBS3H MEK-
Iy KOHIIEHTpAIlel CIIepMAaTO30U/IOB U TeHeTHhYe-
ckuMu narosiorusaMu. CoryiacHO POCCHIICKUM U 3a-
PYOEKHBIM KJIMHUYECKUM PEKOMEHAAIUAM 10 JTa-
THOCTUKE U JIEUEHUIO MAI[UEHTOB C MYXKCKUM Oec-
IUIOJTUEM IIPOBOJIUTH KAPUOTUIIUPOBAHKE CJIEYET
IIpU CHIKEHUM KOHIIEHTPAIIUU CIIEPMATO30U/I0B
MeHee 10 MJTH/MJI [1, 18]; Ipu KOHIIEeHTpaIuu MeHee
5 MJTH/ MJI HEOOXO/THM TTOUCK JIeJIEITUH B JIoOKyce AZF;
IIpU TSKEJIbIX HAPYIIEHUsX CIepMaToreHe3a — I10-
WCK MyTanuud B TeHe MykoBuciumosza (CFTR), c
JIAJTbHEUIIINM peIlleHueM BOIIPOca 0 HEOOXOAUMOCTHU
MIPOBEIEHUs MPEAUMILIAHTAIIHOHHON JIUATrHOCTHU-
KU/CKPUHUHTA B JIe4eOHbIX ITUKJIAX BCIIOMOTATENb-
HBIX PENpPOAYKTHUBHBIX TexHosiorué (BPT) wiu uc-
II0JTb30BAHUs IOHOPCKOU criepMbl. Takike mpu Ha-
JINYUH B aHAMHe3€ Y CYIPYTU MOBTOPHBIX CIIOHTAH-
HBIX a0OPTOB, MIOPOKOB PA3BUTHUS WJIH YMCTBEHHOU
OTCTAJIOCTH Y JieTell HeoOXOAMMO OIpe/iesieHne Ka-

iants (23.9%), 9ph-variants (11.4%), cenh (8.2%),
dicentric- (3.8%) and duplication-variants (3.3%).
Three of the 24 variants were more common in pa-
tients from Western Europe than in patients from
Eastern Europe [16].

Spanish scientists concluded that infertile men
have a significant percentage of meiotic abnormali-
ties in metaphase I of meiosis associated with me-
dium and large chromosomes. But the number and
type of disorders differ between different cells of
the same individual, which suggests the coexistence
of cell lines with normal behavior in meiosis and
having abnormalities. In addition, chromosomal
abnormalities in the metaphase of meiosis were
closely associated with oligozoospermia in patients
and/or with polymorphic variants in their karyo-
type [17].

Given the high incidence of genetic abnormali-
ties in infertile men, it is necessary to clearly differ-
entiate in which clinical cases it is necessary to con-
duct a diagnostic search.

SPERM CONCENTRATION AND
GENETIC ABNORMALITIES

The relationship between sperm concentration
and genetic abnormalities has been described for a
long time. According to Russian and foreign clinical
guidelines for the diagnosis and treatment of pa-
tients with male infertility, karyotyping should be
performed when the concentration of sperm is less
than 10 million/ml [1, 18]; at a concentration of less
than 5 million/ml, it is necessary to search for dele-
tions at the AZF locus; in severe spermatogenesis
disorders, it is necessary to search for a mutation in
the cystic fibrosis gene (CFTR), with a further deci-
sion on the need for preimplantation genetic diagno-
sis/screening in treatment cycles of assisted repro-
ductive technologies (ART) or the use of donor
sperm. Also, if a spouse has a past history of repeated
spontaneous abortions, malformations or mental re-
tardation in children, it is necessary to determine the
karyotype of a man regardless of sperm concentra-
tion [1, 18].

SPERM MOTILITY AND GENETIC
ABNORMALITIES

The cases of genetically determined astheno-
zoospermia were described [19]. In genetic forms,
either total immotility of spermatozoa or the motil-
ity of single spermatozoa is observed. Primary cili-
ary dyskinesia (PCD) is a rare genetically heteroge-
neous disease with an autosomal recessive mode of
inheritance characterized by sperm abnormalities
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pHUOTHIIA MY>KUYMHBI HE3AaBUCUMO OT KOHIIEHTPAINHU
CIIepMaTo30u/I0B [1, 18].

IMOABUNXKHOCTDb CIIEPMATO30MU 0B
N TEHETUYECKUE AHOMAJINN

OmrcaHbl caydad reHeTHIecKu 00yCIOBIEHHOMH
acrenosoocuepmuu [19]. IIpu renermueckux Qop-
Max Habogaerces b0 ToTajabHAaA HEIIOABUKHOCTh
CIIEpMATO30HU/I0B, 100 MOABMIKHOCTD €IMHUYHBIX
criepMaTo30u/10B. [lepBUYHASA IUITHAPHAS IUCKUHE-
susi (I111J]) — pe/lkoe TeHETHYECKH TeTepOTeHHOE
3ab0JIeBaHIE C ayTOCOMHO-PEIECCHBHBIM THIIOM Ha-
CIe/IOBAaHUS, XapaKTepuaymwlleecs aHOMAaTUSIMH
CIIEpMATO30H/I0B B BUIE OTCYTCTBUS HAPYKHBIX WJIH
BHYTPEHHHUX «JIUHEWHOBBIX PydYeK», IEHTPATbHOH
mapbl MUKPOTPYOOUEK, a TAKIKE JIPYTUX KTYTHKOBBIX
CTPYKTYpP, B TOM YHCJIE PECHHYEK PECITHPATOPHBIX
TKaHel [20]. Jucmnasuss ¢ubpo3HOH 000J0UYKH
(JI®O) KTyTUKOB CIIEPMATO30HUI0B — TF€HETHYECKU
00ycJIoBJIEHHOE 3a00JIEBaHNE, XapaKTePU3YIOIeecs
XAOTHUYHBIM PACIIOJIOKEHUEM KOJIOHH U pebep du-
O6pO3HOU 060JI0UKHU B aKCOHEME JKTYTHUKA CIIEPMATO-
gouza [21]. MeTosi HHTpAIUTOIIA3MATHUECKOHN
uHbekIun cnepmarozouga (MKCHU) mo3sBosser
OILJIOIOTBOPUTD SIUIEKJIETKY Y MY>KUHH C BBIpAsKEH-
HOU AacCTEHO300CIEPMHUEHN, OJHAKO HEOOXOIHMO
MMOMHUTB, YTO y manueHToB ¢ IIIIJ/[ B 200 pa3 mo
CPaBHEHUIO ¢ OOIIeN TMOMyJIANHEH MOBBIIIEH PHUCK
BO3HUKHOBEHHS OPOHXOJIETOYHBIX U CEPAEYHO-
COCYZTUCTHIX 3abosieBaHuil [22]. MalouncIeHHOCTh
ciayyaeB UKCU nipu 1®O, 3aKOHYUBIINXCH POXKIE-
HHEeM pebeHKa, He ITO3BOJISIET CJIeJIaTh BBIBOJIBI O Ya-
CTOTE TIepelavu IHIHAPHBIX aHoMasui [23]. Takke
OIrCcaHa B3aMMOCBS3bh MEXY CEMEHHBIMU CIydasi-
MH MHOKECTBEHHBIX MOP(OJIOTHUECKUX aHOMAaJIUH
JKTYTUKOB criepMmaTo3ouioB (MMAF) u myranusamu
B rene DNAH1 [24). [Iis1 AMarHOCTUKYU F€HETUYECKH
00yCJIOBJIEHHON aCTEHO300CIEPMHUN HEOOXOIHMO
MPOBEJIEHHE DJIEKTPOHHONM MUKPOCKOIIMU CIIepMa-
To3oumoB (AMIUC).

MOP®0OJIOTUA CIIEPMATO30MNA0B
N TEHETUYECKHNE AHOMAJINUA

B3anMocBsi3b MeXKAY MOP(OJIOTHYECKUM CTPO-
€HHEM CIIEpMATO30U/I0B U TeHEeTUUECKUMH aHOMa-
JIUAMU AUCKyTabeIbHa, OJTHAKO €CTh UCCIIEIOBAHUSA
0 B3aUMOCBSI3H TJI00YI0300CIEPMUM C TOMO3HUTOT-
HOIi estenueii B rene DPY19L2 [25, 26] u MmyTanus-
Mu B reHe SPATA16 [26, 27]. I'1o6yn0300cepMust
XapaKTepusyeTcsi TOJIHBIM OTCYTCTBHEM JIHOO
OUeHb MaJIEHBKOH aKpPOCOMOM, OTCYTCTBUEM IIEPHU-
HYKJIEAPDHOU TEKU MEKY aKPOCOMOU U 000JI0UKOM.
Kpowme Toro, oTcyTcTByeT hbaKTOp aKTUBAI[UN OOIH-
ToB (docdhonumnaza C) u He 3ammycKaeTcss BHYTPHU-

in the form of the absence of external or internal
dynein arms, a central pair of microtubules, as well
as other flagellar structures, including cilia of res-
piratory tissues [20]. Dysplasia of the fibrous
sheath (DFS) of sperm flagella is a genetically de-
termined disease characterized by a disorganiza-
tion of columns and ribs of the fibrous sheath in the
axoneme of the sperm flagellum [21]. Intracyto-
plasmic sperm injection (ICSI) allows the fertiliza-
tion of an egg in men with severe asthenozoosper-
mia, but it should be remembered that patients
with PCD have a 200-fold increased risk of bron-
chopulmonary and cardiovascular diseases com-
pared to the general population [22]. The small
number of ICSI cases in DFS, ending with the birth
of an infant, does not allow drawing conclusions
about the frequency of transmission of cilia anoma-
lies [23]. The relationship between familial cases of
multiple morphological abnormalities of sperm
flagella (MMAF) and mutations in the DNAH1 gene
has also been described [24]. To diagnose geneti-
cally determined asthenozoospermia, it is neces-
sary to carry out electron microscopy of spermato-
zoa (EMIS).

SPERM MORPHOLOGY AND GENETIC
ABNORMALITIES

The relationship between the morphological
structure of spermatozoa and genetic abnormali-
ties is debatable; however, there are studies on the
relationship of globulozoospermia with a ho-
mozygous deletion in the DPY19L2 gene [25, 26]
and mutations in the SPATA16 gene [26, 27]. Glob-
ulozoospermia is characterized by the complete ab-
sence or very small acrosome, the absence of the
perinuclear theca between the acrosome and the
sheath. In addition, there is no sperm oocyte acti-
vation factor (phospholipase C), that activates
oocytes, and the intracellular transport of Ca®* is
not triggered, as a result of which a disturbance in
meiotic division in a fertilized egg ensues [28].
Also, these patients are often diagnosed with an in-
creased level of sperm DNA fragmentation [29].
There are individual works indicating that biallelic
SUN5 mutations cause autosomal recessive
acephalic spermatozoa syndrome [30] character-
ized by either motile spermatozoa with small heads,
or only motile flagella with single, separately lying
heads, or complete absence of heads in the ejacu-
late. These disorders arise due to the fragility of the
head — neck junction because of a defect in the ba-
sal body of the flagellum, which consists of 2 per-
pendicular centrioles involved in the formation of
the spindle of the first mitotic division [16]. Natural
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KJIETOUHBIA TpaHcnopt Ca2*, BCJIe/ICTBUE YEro Mpo-
HWCXOJIUT HapyIlIeHue MeHOTHYECKOro JeJIEHUsS B
OILIOZIOTBOPEHHOU sliniekyieTke [28]. Takke y aTux
MAIMEHTOB YacTO JIMaTHOCTUPYETCs MOBBIIIIEHHBIH
ypoBeHb ({parmentanuu JIHK cnepmartosou-
1oB [29]. EcTh oT/iesibHBIE paOOTHI, CBU/IETETHCTBY-
olue, yTo OuasiesbHble MyTanuu reHa SUN5 BbI-
3BIBAIOT AyTOCOMHO-PEIECCHBHBIN CHHJIDOM arie-
daspHBIX CIIEPMAaTO30U0B [30], XapaKTepu3yio-
muicsa Jub0 TMOJBUKHBIMU CIEPMATO30HUJIaMH C
MHUKPOTOJIOBKAMH, JIKOO TOJBKO IIOJIBUKHBIMH
JKTYTUKAMHU C OMUHOYHBIMHU, OTAEIBHO JIE€KAIITUMHU
TOJIOBKaMH, JINOO IMOJTHBIM OTCYyTCTBHEM T'OJIOBOK B
3AKyJIATe. DTU HAPYIIEHUs] BOSHUKAIOT BCJIECTBHE
XPYIIKOCTH COEIWHEHUsI TOJIoOBa — Iles W3-3a Je-
¢exTa 6a3aJIPHOTO TEJIBIA KTYTHUKA, COCTOSIIIIETO U3
2 MEePHEeHIUKYJISPHBIX [IEHTPUOJIEH, YIACTBYIOIIHUX
B CO3/IaHHMU BepeTeHa MePBOTO MUTOTUYECKOTO Jie-
snenus [16]. EcrecTBeHHasn pepTUIn3anusa y Takux
MareHTOB HEBO3MOXKHA, OJHAKO OIMCAHbI €Iu-
HUYHBbIE OepeMeHHOCTH Iocyie KoMmbuuaruu BPT:
9KO + MKCH [31]. Ina quarHOCTUKHU HapyIIeHUH
Heo0X0/JUMO TIPOBEJIEHHE aHaIu3a MOpPQOIOTHIE-
CKOTO CTPOEHHsI CIIEPMATO30U/IOB 10 CTPOTUM KpPH-
TepusaMm Kprorepa.

NHAEKC ®PATMEHTAIINN JTHK
CIIEPMATO30MNJA0B U TEHETU-
YECKUE AHOMAJJINU

®parmenTarus JJTHK ciepmaTtozousios (PJIC) —
HauboJiee YacToe YJIbTPACTPYKTYPHOE H3MeEHEHHE
CIIEpMATO30HU/I0B, BCJIEACTBUE OJIHO- U JIBYXIIEIO-
4euHbIX pa3pbiBOB Mosiekyabl JIHK, 9To cBA3aHO ¢
VMEHbBIIIEHUEM COJIEPIKAHUSA B XPOMOCOMAaxX IIPOTa-
MHHOB — CIHEIHATbHBIX OEJIKOB, 3aIUINAOIINX MO-
snexysny JJTHK ot BHerrHux moBpesxaenuti [32]. ®/1C
OKa3bIBAET BJIMSHUE HA pAHHUE 3TAIbl SMOPUOHAb-
HOTO Pa3BUTHUs, 0COOeHHO Ha dopMupoBaHue 6ja-
CTOITMCTBI, CHU?KASI YaCTOTY HACTYIJIEeHUsI OepeMeH-
HoctH B rukiiax DKO/MKCU [33—-36].

ITo pesynpraTam MeTaaHaausa 2018 T., U3y4aB-
11ero JaHHble 0 2883 MHPEPTHIHHBIX (CPEAHUN BO3-
pacr 35.22 + 4.3110/1a) ¥ 1294 (PePTUIIHHBIX MYKUH-
Hax (cpemHUE Bo3pacT 34.24 + 3.03 roxa), y bec-
IUIOZIHBIX MY>KUUH OBLIM HUKE KOJIMYECTBO U IO/~
BHIKHOCTDH CIIEPMATO30HIOB M 3HAYUTEIHHO BBIIIE
unnexc OJIC (p < 0.001) [37]. [To maHHBIM pocCHi-
CKUX WCCJIEJIOBAHUH TOBBINNIEHHBIH ypoBeHb OJIC
BCTpeuaercsi MPUOJIMBUTENIBHO ¥ 60 % MY:KUHH CO
craxkeM Oecitonus 5 jier [38].

Januple o B3aumocsa3u O/IC ¢ HapylIeHUAMHI
Kapuoruna pasaared. Tak, cornacao E.M. [lluipHU-
KOBOH /I MAIlUEHTOB C aHOMAJIMSAMHU KapUOTHUIIA
(n = 22) xapakTepeH Kak ITUPOKHUI JUAIla30H Ba-

fertilization in such patients is impossible, howev-
er, single pregnancies after the combination of
ART: IVF + ICSI have been described [31]. To diag-
nose disorders, it is necessary to analyze the mor-
phological structure of sperm according to the
Kruger’s strict criteria.

SPERM DNA FRAGMENTATION
INDEX AND GENETIC
ABNORMALITIES

Sperm DNA fragmentation (SDF) is the most
frequent ultrastructural change in spermatozoa due
to single- and double-strand DNA breaks, which is
associated with a decrease in the content of pro-
tamines in chromosomes — special proteins that
protect the DNA molecule from external damage
[32]. SDF affects the early stages of embryonic devel-
opment, especially the formation of blastocyst, thus
reducing the frequency of pregnancy in IVF/ICSI cy-
cles [33—36].

According to the 2018 meta-analysis, which
studied data on 2883 infertile (mean age
35.22 + 4.31 years) and 1294 fertile men (mean age
34.24 + 3.03 years), infertile men had lower sperm
count and motility and significantly higher SDF in-
dex (p < 0.001) [37]. According to Russian studies,
an increased level of SDF occurs in approximately
60% of men with 5 years of infertility history [38].

Data on the relationship between SDF and
karyotype disorders vary. So, according to E.M. Shiln-
ikova, the patients with karyotype abnormalities
(n = 22) are characterized by both a wide range of
variation of all parameters of spermiologic analysis
and fragmentation of sperm DNA [5]. In foreign lit-
erature, there are publications about the absence of
differences in the degree of DNA fragmentation be-
tween groups with karyotype abnormalities and the
control group [39]. And there are directly opposite
data, according to which patients with balanced
translocations have a significantly higher level of
sperm DNA fragmentation compared to healthy
sperm donors [40].

CONCLUSION

Taking into account the development of ART,
including the active use of ICSI, and the relationship
of sperm pathology with severe genetically deter-
mined diseases, it is necessary to inform potential
parents what risks to the health of future children are
carried by the use of such material.
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PBPUPOBaHUSA BCEX APAMETPOB CIEPMHUOIOTHIECKO-
ro aHaiusa, Tak u pparmenrtanus JJHK cnepmaro-
301708 [5]. B 3apyOe:xHOM iuTepaType ecth myoImn-
Kanuu 00 OTCYTCTBUU PAa3IMIUU B cTenmeHu dpar-
meHTaruu JIHK mexay rpynmnaMu ¢ aHOMaJIUAMU
KapuOTHIIA ¥ KOHTPOJIBHOMH [39]. U ecTh ipsaMoO Ipo-
THUBOIIOJIOXKHBIE JIAHHBIE, COTJIACHO KOTOPBIM Y IIa-
[IMEeHTOB CO cOAIAHCUPOBAHHBIMYU TPAHCIOKAIIMAMU
JIOCTOBEPHO BBIIIE ypoBeHb (parmenrtaruu JHK
CIIEpMAaTO301/I0B 110 CPABHEHUIO CO 37J0POBBIMU J10-
HOpaMU CIIEPMEI [40].
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