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Abstract

Relevance: Total globozoospermia (Type 1) is a severe
teratozoospermia leading to complete male infertility. It is an
extremely rare spermatozoa pathology caused by disruption of
acrosome formation.

The study aimed to determine and compare DNA
fragmentation test results in a patient with a total globozoospermia
after several sperm processing methods.

Methods: This article describes a case of a male with total
globozoospermia. This study examined the DNA Fragmentation
Index by Sperm Chromatin Structure Assay (SCSA) of a patient
with type I globozoospermia. We compared the test results before
and after processing the ejaculate with several sperm processing
methods described in the WHO laboratory manual for the
examination and processing of human semen (2010).

Results: SCSAshowedno abnormality in DNA Fragmentation
in the patient with total globozoospermia. DNA Fragmentation
index did not improve significantly after processing the sperm
with a direct swim-up method and discontinuous density gradient.

Conclusion: According to SCSA results, the acrosome
absence did not affect DNA stability in a patient with total
globozoospermia.

Keywords: type I and type Il globozoospermia, acrosome
formation, DNA Fragmentation index, Sperm Chromatin
Structure Assay (SCSA), direct swim-up, density gradient

Introduction: 15% of all couples suffer from infertility [1].
50% of them have the so-called male factor infertility caused
by sperm pathologies [2]. In 30-40% of the cases, the cause of
the infertility is unknown (idiopathic infertility). Infertility has
genetic etiology in 5.8% of infertile men [3] and is associated
with Y-chromosome mutations in 4.2%. Globozoospermia is
among the diseases caused by these mutations. Globozoospermia
is a form of primary male infertility characterized by round-
headed spermatozoa without a developed acrosome, making
them incapable of activating the oocytes. However, those patients
have had successful fertilization cases using assisted reproductive
technologies [3]. This phenotype is quite rare and registered in
only 0.1% of infertile men [4]. It is classified into two types: type
I (total) — all spermatozoa in the ejaculate have a round head; type
II (partial) — less than 100% of spermatozoa have this defect [5].

The genetic nature of this disorder has been associated
with alterations in specific genes [6]. For example, mutations
in the PICK1, DPY19L2, and SPATA16 genes lead to type I
globozoospermia.

PICK1 is a membrane protein expressed in mouse and human
tissues [7]. It interacts with several membrane proteins and lipids
and regulates protein transport in the nerve cells [8]. Even though
PICK1 knockout mice (KO) were viable and manifested no
defects during development [9], male KO mice were infertile and

had globozoospermia [10]. PICK1 is located on proacrosomal
vesicles and is involved in transporting the acrosome [11]. A
homozygous missense mutation in (G198A) in the thirteenth
exon was identified in patients with globozoospermia in China
[10].

DPY19L2 is a transmembrane protein specific to testes [12].
In mice, it is localized in the nuclear membrane of the spermatid
[13]. It was discovered that globozoospermic patients have
homozygous deletion spanning the entire DPY19L2 locus [6,
12]. A large cohort study identified new mutations and deletions
in the DPY19L2 locus [14-18]. In addition to that, DPY 1912
knockout mice also had globozoospermia [13]. As such, it is
clear that DPY19L2 is one of the primary genes responsible for
acrosome formation and its mutations cause the disruption of
spermiogenesis in humans.

SPATA16 (previously known as NYD-SP12) is expressed
in human testes. It contains a tetratricopeptide repeat (TPR)
domain that mediates protein-protein interactions [19]. SPATA16
is localized in the Golgi apparatus and proacrosomal vesicles
that merge and form the acrosome during spermiogenesis [20].
Homozygous mutation (848G — A, R283Q)) in the fourth exon
of the SPATA16 gene was discovered in three brothers with
globozoospermia from an Ashkenazi Jewish family. However,
this mutation was not found in other 29 globozoospermic
patients from Europe and North Africa. These results suggest
that SPATA16 is not the leading cause of globozoospermia in
humans [21].

Sperm DNA fragmentation index (DFI) is a reliable marker
of fertilization and represents the separation or breaking of DNA
strands. Its etiology is still unknown, but it is speculated that it
has a multifactorial nature. One of the theories suggests that it
might be caused by defects of chromatin remodeling, apoptosis,
and oxidative processes [22, 23].

DFI equal to or lower than 15% is considered normal; if it is in
the range between 15% and 25%, then the results are considered
to be undetermined; 25%<DFI>50% - abnormal, while DFI
higher than 50% points at poor sperm DNA integrity.

There are not many publications on the sperm DNA
fragmentation index of the patients with total or partial
globozoospermia. In this study, we performed a DNA
Fragmentation test on a patient with type I globozoospermia
using Sperm Chromatin Structure Assay (SCSA) and compared
its results after processing the sperm with methods recommended
by the WHO laboratory manual for the examination and
processing of human semen (5th edition, 2010) — discontinuous
density gradients and direct swim-up. SCSA also identifies High
DNA Stainability (HDS) by measuring the amount of sperm in
a semen sample with an increased amount of retained histones
due to incomplete protamination [24]. HDS > 25% is thought to
influence pregnancy success negatively.

The study aimed to determine and compare DNA
fragmentation test results in a patient with a total globozoospermia
after several sperm processing methods.
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Materials and Methods:

This article describes a case of a male with total
globozoospermia. This study examined the DNA Fragmentation
Index by Sperm Chromatin Structure Assay (SCSA) of a patient
with type I globozoospermia. We compared the test results before
and after processing the ejaculate with several sperm processing
methods described in the WHO laboratory manual for the
examination and processing of human semen (2010) [25].

A married couple came to the “Ecomed-Shymkent” clinic
(Shymkent, Kazakhstan) complaining of a possible fertility
problem. The couple has been married for 12 years.

The 31-year-old woman had no pregnancies and no surgeries
in the anamnesis. Physical, laboratory, and instrumental
examinations discovered no diseases or abnormalities. On Day
5 of menstruation, the level of blood hormones was within
normal limits: insulin — 11 pU/ml, prolactin — 217.5 pU/ml, TTH
— 2.0 mU/ml, anti-Miillerian hormone — 0.8 ng/ml. Ultrasound
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examination of the pelvic organs discovered no defects. The
ovarian reserve was adequate. No sexually transmitted diseases
and no blockage of fallopian tubes were registered.

The47-year-oldmanhadnokids; nosurgeries in theanamnesis.
His brother had kids. No fertility problems were registered in
his immediate family. Physical, laboratory, and instrumental
examinations discovered no diseases or abnormalities. Blood
hormone levels were within normal limits: FSH — 5.5 mU/ml,
LH - 3.5 mU/ml, estradiol — 121.5 pmol/L, testosterone — 20.9
nmol/L, TTH — 0.6 mUl/ml, prolactin — 139.1 mUI/ml, inhibin
B — 82.5 pg/ml. The semen analysis revealed the spherical heads
without an acrosome in 100% of the sperm cells. The man was
diagnosed with total globozoospermia (type I) (Table 1a-d.).

The couple was diagnosed with female infertility associated
with male factors (type 1 globozoospermia) (N97.4).

Table 1a - Results of the microscopic examination of the semen in a man with total globozoospermia (type I), 47 years old

Microscopic examination Value

Volume 5,8 ml

Viscosity normal

Color whitish-gray

Agglutination no

Aggregation no

Erythrocytes no

Leukocytes 0.9 million/ml
Table 1b - Sperm count

Sperm count Value

Concentration in 1 ml

30 million/ml

Total sperm count in the ejaculate 174 million
Table 1c - Sperm motility
Sperm motility Value
Class A (rapidly progressive) 3%
Class B (slowly progressive) 22%
Class C (nonprogressive) 47%
Class D (immotile) 28%
Table 1d - Sperm morphology
Sperm morphology Value
normal morphology, % 0%
acrosome abnormality, % 100%
nucleosome abnormality, % 23%
neck abnormality, % 23%
tail abnormality, % 6%
immature sperm cells, % 4%
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Results:
Sperm Chromatin Structure Assay (SCSA) results are provided in Tables 2 and 3.
Table 2 - Sperm DNA Fragmentation test results
Sperm Chromatin Structure Sperm processing method
Assay Native ejaculate Discontinuous density Direct swim-up
gradient
DNA Fragmentation index 23.08% 24.4% 22.06%
Table 3 — High DNA Stainability index
Sperm Chromatin Structure Sperm processing method
Assay Native ejaculate Discontinuous density Direct swim-up
gradient
High DNA Stainability 18.89% 16.01% 17.46%
(HDS) index
Discussion:

DNA fragmentation index is one of the crucial parameters tested to determine sperm quality. DFI represents the integrity of DNA
structure and shows a percentage of sperm in the semen with fragmented DNA. Globozoospermia is a sperm defect caused by the
disruption of spermiogenesis that causes the failure to form an acrosome. It leads to the development of round-headed sperm cells that
cannot penetrate an ovum. It is thought that this head defect could affect the DNA stability, thus increasing the DNA fragmentation
index.

In this study, we determined DFI in a male with total globozoospermia and, contrary to our expectations, test results were not
abnormally high, as shown in Table 2. We also wanted to determine whether semen with high motility sperm processed with direct
swim-up and density gradient will have lower DFI than the native semen.

Conclusions:

1. Number of studies show a positive correlation between sperm morphology and DNA fragmentation index [24]. We discovered that
DFI determined by SCSA in a patient with total globozoospermia was not abnormal despite the head defects.

2. Sperm processing methods (discontinuous density gradient, direct swim-up) did not increase DFI significantly in comparison to the
native ejaculate. It leads to the thought that sperm motility should not be the main criterion of sperm selection for intracytoplasmic
sperm injection in patients with total globozoospermia. It was previously assumed that due to lack of morphological diversity in
spermatozoa (all sperm cells have identical spherical heads), motility could be used as a selection criterion for ICSI [26, 27].

3. Insignificant difference in DFI between density gradient and direct swim-up lets us conclude that these methods have no advantage
over each other when processing sperm of patients with type I globozoospermia.
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NHAEKC ®PATMEHTAIUU JHK CIIEPMATO30U 0B Y MY KUNHbI
C ITTOBYJIO300CHEPMHUEN I TUMIA (TOTAJIBHAS IMTOBYJIO300CHEPMU )

X.B. Kymaaun', A.H. Marayust', I.P. Bek6ocsinosa', A.C. Abumies', M.I11. Epmekos',
I'A. YmopoOekora', A.b. Beraiinaposa'
'TOO “Dromen-lIpmvkent”, IllbiMkent, Pecriyonuka Kazaxcran

AHHOTAIIUSA

AKTYaIbHOCTb: TOTaJIbHAs [NI00YII0300CIEPMUsI — TSDKETasi TePaTo300CIIepMHs, IPUBOAIIAS K TONHOMY Oecruionuto. OHa siB-
JIsteTcsl KpaiiHe peakoi popMoit TaTooruy crepmMaTo3ou1oB, 00yCIIOBIEHHAs! HAPYLIEHUEM MPOLIECCOB POPMHUPOBAHHUS AKPOCOMBI.

Lens uccaenoBanus - onpenennts nujexe gparmenranun JJHK (DFI) u cpaBHUTH pe3ynbrarhl TecTa 10 | rocie o0paboTKu
ISIKYJISATA HECKOIBKUMH METOJAMH.

Mertonbl: B 3710if crarhe ommchiBaeTCs CiIydai TOTaIbHOM II00YI0300CTIepMIH, MBI TIPOBENN TECT HA OMpPEETCHUE NHIEKCa
¢parmenrarmu JTHK meromom SCSA 10 n mocie o0padoTKi ceMEHHOM KUAKOCTH METOJaMH, ONMCaHHBIMA B pyKoBozcTBe BO3 mo
HCCIIeIOBaHUIO B 00paboTke Asikymsta (2010).

Pesynbrarnl: Pesynsrarst SCSA He BbIsiBIIIM aHOMaIMK B uHekce (parmenTarmu JJHK y MyxuuHbI ¢ TOTanbHON T100y10300-
criepmueii. DFI He M3MeHMICs 3HaUUTEBEHO TociIe 00padOTKH METOIaMH NPSIMOIT sSWim-up test ¥ rpaueHT IIIOTHOCTH.

3axio4enue: Pe3ynsTarsl MO3BOISIIOT CAENATh BBIBOA, YTO OTCYTCTBUE aKPOCOMBI HE OKA3aJl0 3HAUUTEIBHOIO BIMSHUS Ha CTa-
omwtpHOCTE cTpykTyps! JJHK criepmarozonza y mammeHTa ¢ ToTalmbHON II00YII0300CIepMHUCH.

KaroueBble ciioBa: [106yno300cnepmus I u Il muna, obpasosanue akpocomsl, unoexc gpaemenmayuu JHK, Sperm Chromatin
Structure Assay (SCSA), npsamoii swim-up test, epaduenm niomuocmel

I TUI ITTOBYJIO300CIHEPMUSACHI (TOJIBIK ITTOBYJIO300CIHEPMMUA)
BAP EPKEKTIH CIIEPMATO30U 1 JHK ®PATMEHTAIIUA UHAEKCI

X.B. Kymanmin', ©.H. Marayust', I.P. Bek6ocsinosa', A.C. Aburies!, M.II1. Epmekos',
I A. YmopbexoBa', A.b. Beraiinaposa'
DKIIC “Dxomen-1pivrent”, HIsimkenTt, Kazakcran PecmyOnukacht

TY:XbIpbIM

O3ekTijiri: by makana TonsIK OeneymiKKe abIll KeIeTiH aybIp TepaTo300CIepMust OONBIN Ta0bUIaThH | THITTI TIT00yImo300cTIep-
MUSIFa (TOJBIK TIIO0YII0300CTIEPMIST) apHAJFaH; OJ1 6T€ CHPEK KE3IECETiH CIepMaTo30H I MTATOIOTHSCH! OONBII TaObIIAIb XKOHE aKpo-
COMaHBIH KYpbUTy TPOLIECCTEPiHIH OY3bUTYbIMEH CHITATTaNa bl 3epTTey OaphIChIH/Ia 013 SKYISITTHL OHIEY S/IICTEPIH CABICTBIPIBIK
xone JIHK dparmenrarms unaekcin SCSA omicimeH aHbIKTampIK. SCSA HOTHXKENIEP]! TONBIK [IOOYII0300CIEPMHSCH Oap epKeKTe
emkannaid IHK ¢parmMenTanms nHAEKCIHIH aHOMAJTHSCHIH KOPCETIE.

3eprrey Makcarsl - Tonbik io0yno3ooctepmusichl 6ap napentte JJHK ¢parMeHTanis HHASKCIH aHbIKTAY.

Ouictep: 3eprrey OapbICHIHIA 013 MKYIATTH OHICY dIicTepiH caiblcThpAbIK xoHe JJHK dparmenramms naaekcia SCSA ompiciMeH
QHBIKTAJIBIK.

Hatukesep: SCSA HoTHKEEPI TOJBIK [TO0YI0300CcIepMESICh Oap epkekre emkanaai JJHK dhparmenrarus uHIeKCIiHIH aHOMa-
JIMSICHIH KOPCETIE.

KopsIThIHABI: AnbIHFaH HTIOKENEP akpocoMa JiedexTinin criepmarozony JJHK KypbUIBICHIHBIH TYpaKTHUIBIFBIHA KEpi acep eT-
MEUTIHIHE KO3 KETKI3IIK.

Tyiiin ce3aep: [ orcone 11 munmi 2nobynosoocnepmus, akpocoma Kypuiaysl, THK @paemenmayus unoexci, Sperm Chromatin
Structure Assay (SCSA), mixeneti swim-up test, muiebl30biK 2paouenmi
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