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ANNOTATION

The aim of this case report is to demonstrate a successful delivery of a baby after transfer of a blastocyst tested for aneuplodies
by means of NGS. A woman aged 35 having two miscarriages decided for ICSI program with PGT-A analysis. Six eggs were
fertilized out of 9 metaphase I oocytes. Five good quality blastocysts were submitted for genetic screening using 24-chromosome
next generation sequencing (NGS). Two blastocysts were diagnosed as euploid and recommended for transfer. One euploid
blastocyst was thawed and transferred to the patient’s uterus lining. Successful pregnancy was confirmed at 7 weeks of gestation
with heartbeat. Successful delivery was achieved by Caesarean section at 38-39 weeks of gestation. Karyotyping demonstrated
healthy genetic constitution of a baby. This case demonstrates a good evidence and potential of a transport scheme collaboration

between IVF and genetic laboratories.
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INTRODUCTION

Chromosomal aberrations are the most frequent etiology
for early pregnancy losses in the first trimester and covers
50% of spontaneous abortions [1,2]. Preimplantation genetic
testing for aneuploidies (PGT-A), previously known as
preimplantation genetic screening (PGS), was developed to
prevent early miscarriages at embryonic stage in conjunction
with IVF [3].

Nowadays, good quality laboratory is the one offering PGT
service. A variety of genetic platforms exists for screening of
chromosomal aberrations. Fluorescence in situ hybridization
(FISH) analysis, first clinical case published in 1993 [4], as a
method is fading gradually. Such limitation, as analysis of 5
or 9 chromosomes is not satisfying anymore considering that
chromosome or chromatid missegregation may occur at any
chromosome set and lead to genetic malformations [5]. Array
comparative genomic hybridization (array CGH) and next
generation sequencing (NGS), both allow comprehensive
screening of 23 pairs of chromosomes [6].

In order to detect 20% of mosaicism within an embryo by
NGS, at least 5 TE cells should be biopsied [10]. Therefore,
majority of laboratories moving from blastomere biopsy to
trophectoderm (TE) biopsy since several cells could be taken
for genetic analysis. On average, 5 — 10 cells are recommended
for analysis [10], which will provide a more strong and valid
genetic result. Resolution, quality and mosaicism detection by
NGS for embryo screening seems to be higher [6-9]. Embryos
tested by NGS might have stronger chance for successful
pregnancy and lower risk for the pregnancy loss [6,8].

Meantime, higher sensitivity for mosaicism assumes less
euploid embryos, which demonstrates a risk of overdiagnosis
the euploid embryos as mosaic. In all cases, both platforms
are eligible and successfully applied worldwide.

However, only large scale IVF centers can afford
the expense of equipment and software, the strong skills
and knowledge of professionals including analysis and
interpretation of bioinformatics data [11]. The transport
scheme sounds feasible for small and average scale
laboratories.

Here, we report a successful pregnancy and delivery of
a genetically healthy baby after PGT-A by means of NGS
collaborating with the genetic laboratory on transport scheme.
In our report, we use PGT related terminology according to
the ICMART and ASRM international glossary on infertility
and fertility [3].

CASE REPORT

INFERTILITY HISTORY

A couple with an infertility history of more than 5 years.
At the moment of the treatment (October 2017), the female
patient was 35 years old and was diagnosed with secondary
infertility, pelvic pain during irregular menses, adenomyosis
and polymorphism for thrombophilia. For the latter she was
prescribed medication by hematologist. The husband was 51
years old; semen analysis was analyzed in accordance with
WHO Lab manual [12] and showed normozoospermia. The
couple has two children conceived naturally and born in 2003
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and 2005. In 2008 and 2012, she experienced two pregnancy
losses at the first trimester. The karyotypes for the patient and
her husband are normal.

CONTROLLED OVARIAN STIMULATION

On day 3, female patient’s blood testing demonstrated
FSH = 7.1 IU/ml, LH = 5.2 IU/ml, Testosterone = 0,22
nmole/L, AMH = 5.38 ng/ml.

From day 3 of menstruation, the female patient was
prescribed with 150/75 TU of recombinant FSH and LH
(Pergoveris; Merck Serono), 75 IU of recombinant FSH
(Gonal F; Merck Serono). From the 6th day of stimulation
0,25 mg of antagonist (Orgalutran; Merck Serono) was
added to the treatment. After 9 days of ovarian stimulation,
recombinant human chorionic gonadotropin (thCG; 250 mg
of Ovitrelle; Merck Serono) as a trigger was administered.
Eleven cumulus-oocyte complexes (COC) were aspirated
under ultrasound, 37 hours after rhCG injection.

INTRACYTOPLASMIC SPERM INJECTION,
EMBRYO CULTURE, BIOPSY AND NGS

Nine mature eggs were subjected to injection in 41
hours post rhCG injection. The fertilization was assessed in
18 hours after ICSI, 6 oocytes were fertilized. Fertilization
pattern was analyzed according to modified and adapted in
our lab Z-score, initially proposed by Scott et al. [13], along
with the presence or absence of halo for each zygote.

Zygotes were cultured in Sage HSA mono-step medium
until Day 7. On Day 3, clinical embryologist performed Zona
pellucida opening for 6 cleaving embryos. The embryos were
cultured up to day 7 to allow blastulation and biopsy. Four
good quality blastocysts (SAB, 5AA, 5SAB and SBB) according
to the Gardner and Schoolcraft [14-15] grading system were
subjected to biopsy on day 6 conducted by experienced
embryologist. The Sth blastocyst (SBA) was biopsied on day
7. On average, 4-8 trophectoderm cells were biopsied and
inserted into PCR tubes with PBS/PVP buffer. The PCR tubes
along with biopsy protocol were sent to Genetic lab “Medical
Genomics” for NGS analysis. Two out of 5 embryos were
euploid; 1 embryo had monosomy for the 22nd chromosome,
1 embryo — monosomy for the 14th chromosome and detected
mosaicism for the 6th chromosome, 1 embryo had trisomy for
the 21st chromosome. The embryo transfer was performed in
frozen embryo replacement (FER) cycle. The vitrification
and thawing procedures were conducted with the Cryotop
method (Kitazato Biopharma Co., Japan) initially described
by Kuwayama [16].

FER/FET CYCLE

Due to severe adenomyosis, the female patient was
prescribed agonist treatment, 3.75 mg (Diphereline, Ipsen)
3 times a day for 3 months before the embryo transfer.
After the treatment, endometrium preparation was initiated
with estradiol, 1 tablet three times a day (Progynova, Bayer
Co). When endometrium thickness reached 8-9 mm, 800
mg Utrogestan (Besins Healthcare, SA) was added to the
treatment. Two days before FET, intramuscular progesterone
was added. On the 6th day of Utrogestan supplementation, the
recommended blastocyst was thawed (Kitazato Biopharma
Co., Japan) in the morning and hatching blastocyst was

transferred in culture medium Sage HSA at 1 pm. At the day
of transfer, endometrium thickness was 11.5 mm.

OUTCOMES

Clinical pregnancy was confirmed at 7 weeks of gestation
with a heartbeat. A healthy baby was born. The karyotyping of
ababy demonstrated no presence of chromosomal aberrations.

DISCUSSION

The prevalent method for PGT was FISH analysis for
decades worldwide. FISH analysis seems to be the cheapest
amongst the methods, although it encounters well-known
limitations like a limited number of chromosomes to be
analyzed, availability of the cytogenetic laboratory, labor-
intensive work [17].

Array CGH for preimplantation genetic analysis is a good
tool. It was successfully implemented for all the stages of
biopsy including randomized controlled trial and retrospective
case-control studies [23]. It was demonstrated that NGS
results 100% correlate with array CGH results for aneuploidy
[18-19]. However, NGS protocols provide enhanced detection
of segmental aneuploidies and detect mosaicism from 20%
[8,19]. Meantime, array CGH detects 40-60% mosaicism [8].
Therefore, higher resolution of NGS allows less mistakes
and a positive impact on the clinical outcome decreasing the
miscarriage rate.

The clinical implementation of NGS into the laboratory
lies in patients’ strong wish to have a healthy child and
staff’s determination to offer the best possible in IVF market.
Moreover, it is pivotal in competitive environment to offer a
range of services: aneuploidy screening, genetic testing for
monogenic diseases (PGT-M), for structural rearrangements
(PGT-SR) and Rhesus factor of an embryo alone and along
with comprehensive chromosome screening. Implementation
of a genetic unit into the fertility clinic is not affordable
for majority of IVF units. Therefore, the transport scheme
seems a viable option for small and average size IVF units,
considering that successful biopsy rate is 98.2% in our
clinic, which is acceptable according to the ESHRE Vienna
consensus (ESHRE SIG of Embryology, 2017) [20].

The PGT also demonstrates indirect benefits. One of them is
to reduce amount of embryos to store. The non-recommended
ones are being discarded upon informed consent from the
patient. The embryos with detected mosaicism is a subject
of debate inquiring extensive genetic counseling, but final
decision should be up to the patients.

Futhermore, PGT is a good mean to reduce amount of
transferred embryos since only one blastocyst is vitrified
per straw. Multiple pregnancies are still a milestone that
demands a solution and are associated with elevated risks of
obstetric complications [21]. Up to date, in Kazakhstan, three
embryos are allowed for intrauterine transfer [22]. However,
the maximum to be transferred is, predominantly, one or
two as a policy of the majority (personal communication).
Therefore, in order to reduce the number of embryos for
transfer, especially, in advanced maternal age group, PGT
implementation might assist in that by choosing a single
genetically “healthy” embryo [21].

The above clinical case demonstrates the efficiency of
clinical implementation of NGS on the transport scheme.
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Nowadays, collaborating with large genetics laboratories Declaration: The authors report no financial or
with well-established logistics the IVF center of any size can  commercial conflicts of interest.

afford PGT service to the patients. However, it is crucial to This research did not receive any specific grant from
choose the lab based on not only the quality of services, but  funding agencies in the public, commercial, or not-for-profit
also its variety. sectors.

REFERENCES

[1] Hassold T, Chen N, Funkhouser J, Jooss T, Manuel B, Matsuura J et al. A cytogenetic study of 1000 spontaneous abortions.
Ann Hum Genet 1980; 44: 151-78. DOI: 10.1111/j.1469-1809.1980.tb00955.x

[2] Petracchi F, Colaci DS, Igarzabal L, Gadow E. Cytogenetic analysis of first trimester pregnancy loss. Int J Gynaecol Obstet
2009; 104: 243-44. doi: 10.1016/].1jg0.2008.10.014.

[3] Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, De Mouzon J, Sokol R et al. The international glossary on
infertility and fertility care. Fertil Steril 2017; 108(3): 0015-0282. https://Dx.doi.org/10.1016/j.fertnstert.2017.06.005

[4] Delhanty JD, Griffin DK, Handyside AH, Harper J, Atkinson GH, Pieters MH et al. Detection of aneuploidy and chromosomal
mosaicism in human embryos during preimplantation sex determination by fluorescent in situ hybridization (FISH). Hum
Mol Genet 1993; 2(8): 1183-85. DOI: 10.1093/hmg/2.8.1183

[5] Munné S, Magli C, Bahce M, Fung J, Legator M, Morrison L. Preimplantation diagnosis of the aneuploidies most commonly
found in spontaneous abortions and live births: XY, 13, 14, 15, 16, 18, 21, 22. Prena.t Diagn. 1998; 18(13): 1459-66. DOI:
10.1002/(sici)1097-0223(199812)18:13<1459::aid-pd514>3.0.c0;2-v

[6] Yang Z, Lin J, Zhang J, Fong W1, Li P, Zhao R. Randomized comparison of next-generation sequencing and array comparative
genomic hybridization for preimplantation genetic screening; a pilot study. BMC Med Genom 2015; 8: 30. https://doi:
10.1186/s12920-015-0110-4

[7] Fiorentino F, Biricik A, Bono S, Spizzichino L, Cotroneo E, Cottone G et al. Development and validation of a next-generation
sequencing-based protocol for 24-chromosome aneuploidy screening of embryos. Fertil Steril 2014; 101: 1375-82. DOI:
10.1016/j.fertnstert.2014.01.051

[8] Friedenthal J, Maxwell S, Munné S, Kramer Y, McCulloh D, McCaffrey C et al. Next generation sequencing for preimplantation
genetic screening improves pregnancy outcomes compared with array comparative genomic hybridization in single thawed
euploid embryo transfer cycles. Fertil Steril 2018; 109(4): 627-32. DOI: 10.1016/j.fertnstert.2017.12.017

[9] Munné S, Wells D. Detection of mosaicism at blastocyst stage with the use of high-resolution next-generation sequencing.
Fertil Steril 2017; 107: 1085-91. DOI: 10.1016/j.fertnstert.2017.03.024

[10] Munné S, Blazek J, Large M, Martinez-Ortiz PA, Nisson H, Liu E. Detailed investigation into the cytogenetic constitution
and pregnancy outcome of replacing mosaic blastocysts detected with the use of high-resolution next-generation sequencing.
Fertil Steril 2017; 108: 62-71e8. DOI: 10.1016/j.fertnstert.2017.05.002

[11] Aleksandrova NV, Shubina ES, Ekimov AN, Kodyleva TA, Mukosey IS, Makarova NP et al. Comparative results of
preimplantation genetic screening by array comparative genomic hybridization and new-generation sequencing. Mol Biol
2017; 51(2): 269-73. DOI: 10.7868/S0026898417010025

[12] World health organization (WHO) laboratory manual for the examination and processing of human semen. 5th edition.
2010. ISBN: 978 92 4 154778 9

[13] Scott L, Alvero R, Leondires M, Miller B. The morphology of human pronuclear embryos is positiviely related to blastocyst
development and implantation. Hum. Reprod. 2000; 15: 2394-403. DOI: 10.1093/humrep/15.11.2394

[14] Gardner DK, Schoolcraft WB. In vitro culture of human blastocysts. In Jansen, R. and Mortimer, D. (eds). Toward
Reproductive Certainty: Fertility and Genetics Beyond 1999. London: Parthenon Publishing; 1999a, p. 378-388.

[15] Gardner DK, Schoolcraft WB. Culture and transfer of human blastocysts. Curr Opin Obstet Gynecol 1999b ; 11: 307-331.
DOI: 10.1097/00001703-199906000-00013

[16] Kuwayama M. Highly efficient vitrification for cryopreservation of human oocytes and embryos: the Cryotop method.
Theriogenol 2007; 67(1): 73-80. DOI: 10.1016/j.theriogenology.2006.09.014

[17] Maalouf W. Setting up PGD lab. In: Varghese AC, Sjoblom P, Jayaprakasan K, editors. A practical guide to setting up an
IVF Lab, embryo culture systems and running the unit. Jaypee Brothers Medical Publishers Pvt Ltd; 2013, Ch. 6, p. 61-68.
ISBN 978-93-5090-516-6.

[18] Kung A, Munné S, Bankowski B, Coates A, Wells D. Validation of next-generation sequencing for comprehensive
chromosome screening of embryos. Reprod Biomed Online 2015; 31: 760-69. DOI: 10.1016/j.rbmo.2015.09.002

[19] Handyside AH. 24-chromosome copy number analysis: a comparison of available technologies. Fertil Steril 2013; 100:
595-602. DOI: 10.1016/j.fertnstert.2013.07.1965

[20] ESHRE Special Interest Group of Embryology and Alpha Scientists in reproductive Medicine. 2017. The Vienna consensus:
report of an expert meeting on the development of ART laboratory performance indicators. Reprod. Biomed. Online. https://
doi: 10.1016/j.rbmo.2017.06.015

[21] Ubaldi FM, Capalbo A, Colamaria S, Ferrero S, Maggiulli R, Vajta G. Reduction of multiple pregnancies in the advanced
maternal age population after implementation of an elective single embryo transfer policy coupled with enhanced embryo




S,
Penpodyxkmuenas cenemura @ 2 (43) 2020
a%v n\\““&

400z,
000

selection: pre- and post-intervention study. Hum Reprod 2015; 30(9): 2097-106. DOI: 10.1093/humrep/dev159
[22] The Act, Ne627, of Minister of the Republic of Kazakhstan. The rules to conduct assisted reproductive technologies (ART)
in Kazakhstan. 2009. https://doi.org/10.1530/REP-17-0683

PE3IOME

OIINCAHUME KJIMHUYECKOT O CJIYYAS 1O NCITOJIB30BAHNIO CEKBEHUPOBAHNS HOBOT'O
MNOKOJIEHUSA (NGS) B HEJAX NPOBEJEHUS NPEUMIINIAHTAIIMOHHOI'O TEHETHYECKOTI'O
TECTUPOBAHUSA HA AHEYIIVIOUINU (IIT'T-A)

H.II. Hurmarosa MMedSci',*, B.2K. Aoauasmanosa MD', B.H. Illurones MD, PhD?

'Kinanka penpoaykuuu yenoBeka « eHoM-AcTaHay
Kazaxcran, Hyp-Cynran
enTpasnbHblii opuc cetr «I'eHOM»
Poccus, Mocksa

Omnwmcanne KIMHAIECKOTO CIydast AEMOHCTPUPYET YCIeNTHoe 3aBepiienne nporpaMmbl DKO poxkaeHneM pedeHka HCIoib-
3ys IpenMIuTaHTannoHHoe renermyeckue tectuposanue (I1I'T) merogom NGS (cexkBeHHpOoBaHHE HOBOTO TOKoyeHws). [lamnu-
€HTKa B Bo3pacTe 35 JIeT ¢ Halu4IueM JBYX 3aMepIInx OepeMeHHOCTe! oOparmiachk B KIHMHUKY. OIUIONOTBOPEHHE TTPOBEACHO
metoroM MKCU, 6 u3 9 3pemnbIx SHIEeKIeTOK OIUIONOTBOPIUIICE. [IATh 61aCTOIMCT XOpOIIero Ka4ecTBa U BHIIIE OTIPaBICHEI Ha
reHeTHueckui aHanu3 MetonoM NGS. J[Be 61acTONNCTH TMarHOCTUPOBAHbI 3YIIIONMIHBIMU U PEKOMEH/I0BAaHHBIMH K IIEPEHOCY.
Opnna GnacronucTa pa3MOpOXKeHa U IIepeHeceHa. bepeMeHHOCTh 3aBepImiachk poramu Ha 38-39 Hezene KecapeBbIM CEUCHHUEM.
KaputunmpoBaHue BBISIBUIIO 3I0POBBIH TeHETHIECKUA HaOOp XpoMocoM y pebeHKa (IeBodkn). JlaHHbBII KITMHAYECKUH Cirydait
JEMOHCTPHPYET, YTO TPAHCIIOPTHASI CXEMa ABIIAETCS OTINYHOM albTEepHATHBOI COTpyAHNYECTBA MEX Iy reHeTnueckumu 1 OKO
nabopaTopusAMHu.

Knrwuesvie cnoea: BPT; IVF; NGS; III'T-A; TE (mpoghaxmooepm)

TYUIHAEME

AHEYIIJIOU WS (PGT-A) YIHIH UMIIVIAHTAHTKA TEHETHKAJIBIK TECTIJIEY YIIIH KEJIECI
BYBIHHBIH PETTLJIITTH (NGS) KOJTJAHYIABIH KIWHUKAJIBIK KAF JAUBIHBIH, CUIIATTAMACHKI

HLII. Hurmarosa MMedSci',*, B.JK. Aoaquiasmanosa MD', B.H. Illurones MD, PhD?

L«T'enoM-Actanay» Anam yprarsiH ep6ity Kinankacsr
Kazakcran, Hyp-Cynras.
2«T'eHOMY - KITMHUKAJIAP JKEiCi
Pecceii, Mackey.

Knuankaneik sxarmaiinapapl cumarray OapeickiHma DKY Oarmaprmamacel OOHBIHIIA MMIDIAHTAIMSA ANIBIHAA SMOPHUOHFA
Kyprizinerid reneTukaiblk TacaayasH (I1I'T) NGS (skaHa OybIHOaFsI CHKBHHHUPIIEY) 9IICiH KoinaHyaa 0aa TyBUTYBIHBIH COTTI
asKTaNATBIHBIH KepceTTi. Kimauka keMerine 35 jkacTarbl €Ki peT KYKTUIIr COTCI3 asKTanFaH HayKac JKYTiHAl. ¥ PBIKTaHABIPY
HKCHU opiciMeH xacalbIHIBI, 9 TONBIK JKETUITeH aHaJBIK JKacymaaaH 6 jkacyma YpeIKTaHael. Camachl skakehl S5 OmacTormcera
NGS ogici 6ofiBIHIIIA TEHETUKANBIK TalaayFa xi0epinai. OHBIH iMTiHIE eKi OIaCTONHCTa SYIIOUATHI XKOHE JKaThIpFa KelIipyre
skapamael Oomnel. CoHbIH Oipi epiTimin skateipra Kemripinmi. JKykrimik 38-39 anmrTama KapbIHIBI JKapblll ady OHiCiMEH COTTI
asKTangpl. bamaHeH(KBI3 0ana) KapHOTHITIK Tagaybl OOMBIHINA T€HETHKAIBIK XPOMOCOM JKHBIHTHIFBI CalayaTThl €KeHiH
KepceTTi.OChl KITMHUKAIBIK KaFIail TpaHCIIOPTTHIK XKYHEHIH TeHeTHKAJIbIK skoHe DKY 3epTxaHaiapablH apachlHIarbl )KaKchl
Oanama eKeHIIriH KepceTeTi.

Tyitin ce30ep: ART; IVF; NGS; PGT-A; TE (mpogexmooepma).




