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PRENATAL GENETIC TESTING FOR MULTIPLE MITOCHONDRIAL
DYSFUNCTION SYNDROME CAUSED BY IBA57 GENE MUTATION
KAZAKHSTANI FAMILY: A CASE REPORT

Mitochondria, commonly known as the cell’s power generator, carry out their primary function
through oxidative phosphorylation (OXPHOS), a process that produces ATP, the main energy source
of the cell and the only cell organelles with their own mitochondrial DNA. Any genetic alterations in
DNA sequences that encode mitochondrial structural or functional proteins may cause mitochondrial
disorders. Multiple mitochondrial dysfunction syndrome type 3 (MMDS3) is a rare autosomal recessive
mitochondrial disorder caused by homozygous or biallelic pathogenic variants in the IBA57 gene. In the
current study, we present a case report on prenatal genetic testing for multiple mitochondrial dysfunction
syndrome (MMDS) type 3 caused by the IBA57 gene to highlight the importance of prenatal diagnostics
for disease prognosis and treatment, appropriate genetic counselling, and informed reproductive deci-
sion-making. We recruited a 27-year-old G2P1001 at 22 weeks’ gestation with MMDS3 in family his-
tory, confirmed by whole exome sequencing (WES) and also verified by Sanger sequencing in the IBA57
gene ¢.286T>C (NM_001010867.4, p.Tyr96His) and c.667C>G (NM_001010867.4, p.Arg223Gly)
in the proband and parents. The ccfDNA genetic test revealed the absence of the heterozygous IBA57
gene variant at position ¢.286T>C (NM_001010867.4, p.Tyr96His), but the heterozygous IBA57 gene
variant at position c.667C>G (NM_001010867.4, p.Arg223Gly) was detected. The child is a hetero-
zygous carrier of the genetic variant of the IBA57 gene at position c.667C>G (NM_001010867.4,
p.Arg223Gly). No specific treatment is required; observation by a pediatrician and medical and genetic
counseling of the couple when planning the next pregnancy are recommended. The IBA57 gene-related
MMDS3 can have a wide range of outcomes and consequences and may progress rapidly. Early aware-
ness is crucial to prompt and proper administration. Our study reveals the importance of early prenatal
genetic testing for IBA57-related MMDS3 for early diagnostics and consent decision-making.

Keywords: multiple mitochondrial dysfunction syndrome 3; prenatal genetic testing; IBA57; genetic
counseling; consent decision-making.
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KaszakcraHAbIK, oT6acbiH IBA57 reHiHiH, MyTaumsiCbiHaH TybIHAQFaH
KONTiK MMTOXOHAPMSIABIK, AMCCPYHKLIMSI CHHAPOMBIHA
NpeHaTaAAbIK, FeHETUKAADBIK TECTIAeY: KAMHUMKAADIK YKaFAai

MUTOXOHAPUSIAGP KACyLLAHbIH, «3HEPrUsl reHepaTopbl» pPeTiHAe GeAriAi XKeHe e3AepiHiH Herisri
KbI3METIH TOTbIFy hocdopAaaHybl (oxidative phosphorylation, OXPHOS) apkbiAbl >y3ere acblpaAbi.
MwuToxoHApUSAAp ©3AEPiHIH, >Keke MUTOXOHAPUSAbIK, AHK-CbIHA e 60AATbIH >KAAFbI3 >KACYLUAAbIK,
opraHeararap 6oAabin  Tabbirasbl. MUTOXOHAPUSIABIK,  KYPbIABIMABIK —Hemece (PYHKLUMOHAAADIK,
aKybi3Aapabl koaTanTbiH AHK TizbekTepiHAEri Ke3 KeAreH reHeTUKaAbIK, ©3repictep MUTOXOHAPUSABIK,
aypyAapra oKeAayi MyMKiH. KenTik MUTOXOHAPMUSABIK, AMCHYHKUMS CcUHAPOMbI 3-Tuni  (Multiple
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Dysfunction Syndrome type 3, MMDS3) IBA57 reHiHA€ri roMO3MroTaAbl HEMECe eKiaAA@AbAI MaToreH-
Al HYCKAAapAaH TYbIHAQMTbIH CUpeK Ke3AeCETiH ayTOCOMAbI-PEeLeCCUBTI MUTOXOHAPUSAbLIK, aypy. Ochbl
3eptTeyae 6i3 IBA57 reHimer 6aiiaaHbicTbl MMDS3-ke npeHaTaAAbIK reHETUKAAbIK, TECTiAeYiHe apHaA-
FaH KAMHMKAABIK, )XaF AAMAbI YCbIHaMbI3. 3epTTeYAiH MakcaTbl aypyAblH GOAXKaMbIH XKOHE eMAey Tak-
TUKACbIH aHbIKTAyAQ, COHAQM-aK, AYPbIC FEHETUKAAbIK, KEHEC Oepy MeH CaHaAbl PENPOAYKTMBTI LeLlim
KabblAAQYAQ MPEHATAAABIK, AMArHOCTMKAHbIH, MaHbI3AbIAbIFbIH KepceTy. 3epTreyre MMDS3 6oibiHLa
oT6aCbIAbIK, aHaMmHe3i 6ap, XXYKTIAIKTIH 22 anTacbiHAQ TypraH 27 xacTtarbl aiiea (G2P1001) pekpyT-
TaAAbl. AMarHo3 TOAbIK, 3K30MAbIK, cekBeHnpaey (WES) aaiciMeH pacTtaaabl >xaHe keiliHHeH CaHrep
GoliblHILIA ceKBeHMPAeY apKbiAbl IBA57 reniHaeri ¢.286T>C (NM_001010867.4, p.Tyr96His) >kaHe
€.667C>G (NM_001010867.4, p.Arg223Gly) HyckaAapbl npob6aHATA >KoHe aTa-aHaCbIHAQ TEKCEPIAAI.
Linpkyasumsaarbl kaetkapaH Toic AHK (ccfDNA) 6oiblHLLa reHeTUKaAbIK, TaApay HaTMKeciHAe IBA57
reHiHiH c.286T>C (NM_001010867.4, p.Tyr96His) no3mumsacbiHAQFbl FeTEPO3UTroTaAbl HYCKAChl aHbIK-
TaAMaAbl, aranaa €.667C>G (NM_001010867.4, p.Arg223Gly) nosmumscbiHAarbl reTepo3nroTaabl
HYCKachl aHbikTaAAbl. Ocbiaaiiua, 6asa IBA57 reiHii ¢.667C>G (NM_001010867.4, p.Arg223Gly)
HYCKACbIHbIH, reTepO3MroTaAbl TaCbIMAAAQYLLbICHI. ByA XKaFaariaa apHaribl eMaey KaxkeT eMec. baaaHbl
neAmMaTpAbiH, 6akbiAaybIHAQ YCTAy XKOHE KEAEC] KYKTIAIKTI KOCrnapAay Ke3iHAE epAi-3aMbInTbiAapFa Me-
AVLMHAABIK-TEHETUKAABIK, KeHeC 6epy yCbiHbIAaAbl. IBA57 reHimeH 6aiAaHbiCTel MMDS3 KAMHMKAABIK,
KOpiHICTepiHIH cnekTpi KeH GOAYbl MyMKIH XKeHe aypy Kemnbip >kKarAaiAapAa >KbIAAAM YAEYi bIKTHMMAA.
CoHABIKTaH epTe aHbIKTay YaKTblAbl AMArHOCTUKA XKYPri3yre, AYpbIC MEAMLIMHAABIK, 6acKapy TakTMKa-
CbIH TaHAQYFa >XOHe CaHaAbl PEMPOAYKTMBTI WwewiM KabblAaayFa MyMKIHAIK Gepeai.

TyjiiH ce3aep: KOnTiKk MUTOXOHAPUSABIK, AUCPYHKLMS CMHAPOMbI 3; MpeHaTaAAbIK, FeHeTUKaAbIK,
TecTiney; IBA57; reHeTrKaAbIK, KeHeC 6epy; penpoAyKTMBTI LweliM Kabbiasay.
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lNpeHaTaAbHOe reHeTUYEeCKOe TeCTUPOBaHME CUHAPOMA
MHOXXe€CTBEHHOH MUTOXOHAPUAAbHOM AMCCPYHKLIMU,
BbI3BaHHOro myTtaumeli reHa IBA57, B ka3axCTaHCKOM ceMbe: KAMHMYEeCKMI CAYyYan

MUTOXOHAPUK, LUIMPOKO M3BECTHblE KaK «dHEepreTmyeckue CTaHUMM» KAETKM, BbIMOAHSIOT CBOIO
OCHOBHYI0 (PYHKLMIO MOCPEACTBOM OKMCAMTEABHOIO hocchopmanpoBanms (oxidative phosphorylation,
OXPHOS) — npouecca, B xoae KOToporo cuHtesupyetcst ATD, SBASIOWMACS FTAABHbIM MCTOUYHMKOM
3Heprum Kaetku. Kpome Toro, MUTOXOHAPUM SBASIIOTCS € AMHCTBEHHbIMU KAETOUYHbIMW OpraHeAAamMu,
o06AaaaIoWMMK COBCTBEHHOM MUTOXOHAPUaAbHOM AHK. AloGble reHeTnyeckme n3mMeHeH s B MOCAEAO-
BaTeAbHOCTIX AHK, KOAMPYIOWMX CTPYKTYPHbIE MAM (DYHKLIMOHAAbHbIE BEAKM MUTOXOHAPUI, MOTYT
NMPUBOAMTDL K PA3BUTUIO MUTOXOHAPMAAbHBIX 3a60AeBaHMIn. CUHAPOM MHOXECTBEHHON MUTOXOHAPU-
aAbHOM AncyHkumm Tuna 3 (Multiple Mitochondrial Dysfunction Syndrome type 3, MMDS3) — pea-
KO€ ayTOCOMHO-PELIeCCMBHOE MUTOXOHAPUAaAbHOE 3a60AeBaHNe, 06YCAOBAEHHOE FOMO3UIOTHbIMM A
GMAAAEAbHBIMU MATOrEeHHbIMK BapuaHTamu B reHe IBA57. B HacTosiem nccaeaoBaHUM npeAcTaBAeH
KAMHUYECKUI CAyYait NPeHaTaAbHOrO reHeTMYEeCkoro TeCTMPOBAaHMS Ha CUHAPOM MHOXECTBEHHOM M-
TOXOHAPHMaAbHOM AnChyHKLMM (MMDS) Thna 3, BbI3BaHHbIN MyTaLmMsmu B reHe IBA57, ¢ ueAblo noauep-
KHYTb BaKHOCTb MPEHATaAbHOM AMArHOCTUKM AASI IPOTrHO3a 3a60AEBaHMs U BbIGOpa TakKTUKM AeYEHMs,
NPOBEAEHUSI AAEKBATHOIO FreHeTUYECKOr0 KOHCYAbTUPOBAHWS U MPUHSATUS MH(DOPMMPOBAHHBIX Pernpo-
AYKTUBHbIX pelueHuii. B nccaepoBaHue Gbiaa BKAOUeHa 27-AeTHSIsS GepemeHHast xertumHa (G2P1001)
Ha CpOKe rectauum 22 HeAeAM, UMeloLLLAs CeMelHbI aHamHe3 MMDS3. Anartos OblA TOATBEPIKAEH Me-
TOAOM MOAHOIO 3K30MHOr0 cekBeHupoBaHus (whole exome sequencing, WES), a Takxxe Bepuduumpo-
BaH METOAOM CekBeHMpoBaHus no CaHrepy AAg BapuaHToB reHa IBA57 ¢.286T >C (NM_001010867.4,
p.Tyr96His) n c.667C>G (NM_001010867.4, p.Arg223Gly) y npobaHaa u ero poauteaeit. [eHetun-
YyecKoe UCCAeAOBaHME UMpKyAupytollein cBoboaHon AHK naoaa (ccfDNA) BbISIBUAO OTCYTCTBUME re-
TEepO3UroTHOro BapuanTta reHa IBA57 B nosuumm ¢.286T>C (NM_001010867.4, p.Tyr96His), oaHako
6blA OBHApY>KeH reTepo3nroTHbIi BapuaHT B nosuumm ¢.667C>G (NM_001010867.4, p.Arg223Gly).
Taknm 06pa3oM, peGeHOK SIBASIETCS FeTEPO3UTOTHBIM HOCUTEAEM FeHeTUYECKOro BapmaHTa reHa IBA57
€.667C>G (NM_001010867.4, p.Arg223Gly). Cneunduueckoe AeveHre B AAHHOM CAyYae He Tpeby-
eTcs. PekomeHayeTcs HabAloAeHWe pebeHKa Y neanaTpa, a Tak>ke NPOBeAEHNE MEAMKO-TEHETUYECKOro
KOHCYAbTMPOBaHUS CYMNpyroB Mpu MAQHMPOBaHWK Mocaeaytollein 6epemeHHocTn. CuHApoM MMDS3,
CBSI3aHHbIM C MyTauMsmu reHa IBA57, MoXKeT xapakTepm3oBaTbCsl LUMPOKUM CMEKTPOM KAMHUUYECKMX
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MPOSIBAEHUI U B PSIAE CAYYaeB MPOrpeccMpoBaTb AOCTAaTOYHO ObICTPO. PaHHSS AMarHocTuka urpaet
KAKOYEBYIO POAb AASl CBOEBPEMEHHOTO MEAMLIMHCKOrO BMELLATEAbCTBA, MPABUAbHOIO FeHETUYECKOro
KOHCYAbTMPOBAHUS U NMPUHSITUS MHPOPMMPOBAHHBIX PEMNPOAYKTMBHbBIX PELLEHUIA.

KaroueBble cA0Ba: CUHAPOM MHOXECTBEHHOM MUTOXOHAPMAABHOM AMCYHKUMM 3, MPeHaTaAbHOe
reHeTuyeckoe tectupoBaHue, IBA57, reHeTnyeckoe KOHCYAbTUPOBaHWE, MH(OPMMPOBAHHOE perpo-

AYKTVMBHOE peLleHue.

Introduction

Mitochondria, commonly known as the cell’s
power generator, carry out their primary function
through oxidative phosphorylation (OXPHOS), a
process that produces ATP, the main energy source
of the cell (Mitchell, 1961). Despite most cellular
activity being regulated by nuclear DNA (nDNA),
mitochondria are an exception. Mitochondria are
the only cell organelles with their own mitochon-
drial DNA (mtDNA), which consists of light (L) and
heavy (H) chains. The mtDNA genome includes 37
structural genes, most of which (22) encode trans-
port RNA, 13 encode subunits of OXPHOS com-
plexes, and 2 encode the large subunit of ribosomes
(Xu et al., 2016). Any genetic alterations in DNA
sequences involved in mitochondrial function or
that encode mitochondrial structural or functional
proteins may cause mitochondrial disorders (Scha-
pira, 2012).

Mitochondrial disorders are a group of genetic
conditions characterized by dysfunctional mito-
chondria. Since mitochondrial diseases are caused
by genetic mutations in nDNA and/or mtDNA, it
has complex inheritance patterns, including autoso-
mal and X-linked inheritance for nDNA mutations
and maternal inheritance for mtDNA mutations. Ad-
ditionally, due to mtDNA’s lower mutational resis-
tance, many de novo mutations are being reported
(Gorman et al., 2016). Mitochondrial diseases are
clinically heterogeneous, can occur at any age and
in any organ or tissue, usually affecting aerobic-me-
tabolism-dependent cells and tissues, such as neu-
rons, muscle fibers, and cardiomyocytes, and can
manifest with a wide range of clinical symptoms
(McFarland et al., 2010).

Multiple mitochondrial dysfunction syndrome
(MMDS) refers to a group of rare autosomal reces-
sive disorders caused by impaired energy metabo-
lism, which results in abnormal neurological de-
velopment, muscle weakness, lactic acidosis, and
respiratory insufficiency and is typically associated
with premature death. MMDS can be classified into
9 types (types 1-9B, OMIM#: 605711, 614299,
615330, 616370, 617613, 617954, 620423, 251900,

620887) based on pathogenic variants in 9 genes:
NFU1, BOLA3, IBAS57, ISCA2, ISCA1, PMPCB,
GCSH, FDX2, and FDXR (Bargagna et al., 2024).

Multiple mitochondrial dysfunction syndrome
type 3 (MMDS3) (OMIM#: 615330) is a rare au-
tosomal recessive mitochondrial disorder caused by
homozygous or biallelic pathogenic variants in the
IBAS7 gene. The IBAS7 gene product is a nuclear-
encoded mitochondrial protein that plays an impor-
tant role in the maturation of [4Fe-4S] cluster-bind-
ing proteins (Mandigers et al., 2023). To date, more
than 30 pathogenic variants in the IBAS57 gene have
been reported, mostly causing psychomotor regres-
sion, progressive spasticity, and visual impairment
(Camponeschi et al., 2022).

Accurate genetic testing and confirmation of
a genetic diagnosis are essential for patients and
their families, as they provide critical information
on prognosis and treatment and enable appropriate
genetic counselling and informed reproductive deci-
sion-making (Mavraki et al., 2023). Accurate diag-
nosis of mitochondrial diseases remains challenging
due to their genetic and phenotypic heterogeneity,
the wide range of clinical symptoms, and the in-
volvement of more than 300 genes. Advances in
technology have led to the development of various
genetic diagnostic approaches and techniques, rang-
ing from single-nucleotide polymorphism (SNP)
detection to whole-genome sequencing (WGS) (Be-
lousova et al., 2025), resulting in an increase in di-
agnostic success from under 20% to over 60% (Gor-
man et al., 2016).

In the current study, we present a case report
on prenatal genetic testing for multiple mitochon-
drial dysfunction syndrome (MMDS) type 3 caused
by the IBAS7 gene to highlight the importance of
prenatal diagnostics for disease prognosis and treat-
ment, appropriate genetic counselling, and informed
reproductive decision-making.

Materials and methods
Recruitment of patients and ethics. Patients for

prenatal diagnosis are recruited among pregnant
women registered at antenatal clinics, as well as
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families with a confirmed or suspected risk of he-
reditary diseases such as epilepsy, neuromuscular
disorders, and other neurogenetic pathologies. Re-
cruitment was performed on the basis of the Nation-
al Scientific Center for Maternal and Child Health,
University Medical Center (Astana, Kazakhstan).
Selection is conducted in accordance with estab-
lished inclusion and exclusion criteria agreed upon
with the local bioethics committee. Indications for
prenatal diagnosis were: the presence of a child
with a monogenic pathology in the family (epilepsy,
spinal muscular atrophy, multiple mitochondrial
dysfunction syndrome) or known genotypes (unaf-
fected carriers) of the parents.

This study was approved by the Local Ethics
Committee of the National Laboratory Astana (No.
03-2024 from October 2, 2024), and the Local Eth-
ics Committee at the Corporate Fund University
Medical Center (No. 3/2025/119 from April 28,
2025). The study was conducted in accordance with
the Declaration of Helsinki. Informed consent was
obtained from all participants.

Interview and clinical data acquisition. All fami-
lies underwent the information sessions or prenatal
genetic counseling individually at the University
Medical Center. Each genetic counseling session
included an oral explanation of the genetic testing
procedure, possible results, the method’s limita-
tions, and the ethical implications of participation. A
genetic counseling specialist provides a conclusion
and recommendations in a standard format, which
are registered in the medical information system
(MIS). Women and their partners were given the
opportunity to ask questions, discuss the potential
consequences of various test results, and make an
informed decision about participation. This format
complies with the principles of “informed choice”
outlined in international guidelines for prenatal
counseling. Following the discussion and confirma-
tion of willingness to participate, written informed
consent was issued, including separate sections on
the nature of the test, data and biomaterial stor-
age, and the right to withdraw consent. The process
was documented in the project’s research database,
with a unique identifier assigned to the participant.
This organization of work ensured a high level of
trust between specialists and participants, as well as
compliance with international bioethical principles
when conducting genetic research among pregnant
women and their families. An individual clinical re-
cord was created for each participant, including de-
mographic data (age, ethnicity, place of residence),
medical and obstetric history, family history of he-
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reditary diseases, and results of laboratory and in-
strumental studies.

Biomaterial sampling, DNA isolation, and qual-
ity control. Following a medical genetic consulta-
tion and informed consent, biological material was
collected from each participant. Blood from preg-
nant women (and their partners when needed) was
collected into a blood collection tube containing
K2EDTA (BD, Franklin Lakes, NJ, USA). For non-
invasive prenatal testing (to isolate the placental
fragments and circulating cell-free DNA), the blood
was drawn into a commercially available blood col-
lection system (Cell-Free DNA BCT, Streck, USA).

DNA of the pregnant woman and partner was
extracted from 300 pL of whole blood using the Il-
lustra Blood Genomic Prep Spin Kit (Cytivia, Marl-
borough, MA, USA), according to the manufactur-
er’s instructions, and stored at —20°C. ccfDNA was
isolated from 2 mL of plasma using QIlAamp Min-
Elute ccfDNA Kit (Qiagen, Germany), according to
the manufacturer’s instructions.

The quality and quantity of extracted DNA were
assessed using the spectrophotometric method with
the NanoDrop 2000 UV spectrophotometer (Ther-
moFisher Scientific, Waltham, MA, USA) and the
fluorometric assay with the Qubit BR and HS Assay
Kits (ThermoFisher Scientific, Waltham, MA, USA)
on a Qubit v4.0 fluorometer. Additionally, fragment
size distribution and the integrity of ccfDNA were
evaluated using the High Sensitivity DNA reagents
Kit (Agilent Technologies, USA) on an Agilent
2100 Bioanalyzer (Agilent Technologies, USA).

Confirmatory DNA sequencing. To confirm the
variants identified by next-generation sequencing,
Sanger sequencing was performed on gDNA ob-
tained from family members’ blood samples. Am-
plified PCR was performed in a final volume of 20
uL, containing 50 ng/uL of the gDNA, 10 pmol of
the forward and reverse primers, 4 pL of 5x buf-
fer 2.5 mM dNTP (Fermentas, Lithuania, Vilnius),
and 0.2U of PhusionTM High-Fidelity DNA Poly-
merase (ThermoFisher, Cleveland, OH, USA). The
thermal cycling conditions for PCR included initial
denaturation for 5 min at 96 °C, followed by 35 cy-
cles of denaturation at 94 °C for 30 s, annealing at
58 oC for 45 s, elongation at 72 oC for 45 s, and a
final extension for 10 min at 72 °C. The PCR prod-
ucts were run on 1% agarose gel to detect DNA am-
plicon size. After verification, PCR products were
purified using the ExoSAP-IT Express PCR Product
Cleanup (Thermo Fisher Scientific, Wilmington,
Germany). DNA sequencing of the PCR products
was performed using the BigDye Terminator Cycle
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Sequencing v.3.1 kit (Applied Biosystems, Foster
City, CA, USA) on the 3730 xL Genetic DNA Ana-
lyzer (Applied Biosystems, Foster City, CA, USA).
Finally, sequencing analysis was conducted using
the Data Collection Software (Applied Biosystems,
Foster City, CA, USA).

Results and discussion

A 27-year-old G2P1001 at 22 weeks’ gesta-
tion was recruited. Partner is a 32-year-old man,
marriage is non-consanguineous. The medical his-
tory includes a child MMDS3 (OMIM 615330),
an autosomal recessive inheritance, confirmed by
whole exome sequencing (WES) and also verified

Figure 1

by Sanger sequencing in the IBA57 gene ¢.286T>C
(NM _001010867.4, p.Tyr96His) and c.667C>G
(NM _001010867.4, p.Arg223Gly) in the proband
and parents (Figure 1).

Proband has both heterozygous mutations in the
IBA57 gene (¢.286T>C and c.667C>G). Parents
are obligate heterozygous carriers of the genetic
variant in the IBAS7 gene ¢.286T>C (mother) and
c.667C>G (father). Given the 22 weeks’ gestation,
invasive prenatal testing was not possible due to
high risk. A ccfDNA test for these genetic variants
in the fetus is recommended, as is genetic examina-
tion of the newborn and postnatal genetic testing.
Results of the ccfDNA genetic test (fetus) are shown
in Figure 2.

Sequencing analysis of a family (father, mother, and proband)
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A — Father, B— Mother, C — Proband
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Figure 2
Sequencing analysis of a fetus

IR N RNl n 0N w0 DRRORINN
CGCGGGCTACGCCCA AGCACSGATACCTCA
150 165 160 90 95
IBAS7:¢.286T>C
IBAS7:¢.667C>G

The ccfDNA genetic test revealed the absence
of the heterozygous IBA57 gene variant at position
c.286T>C (NM_001010867.4, p.Tyr96His), but
the heterozygous IBAS57 gene variant at position
c.667C>G (NM_001010867.4, p.Arg223Gly) was
detected. The labor was spontaneous, resulting in
the birth of a male infant. Genetic counseling was
provided. Confirmatory Sanger sequencing of the
IBAS57 variants ¢.286T>C and c.667C>G was rec-
ommended in accordance with ACMG guidelines.
In the analyzed neonatal sample, previous results
were confirmed.

Conclusion: The child is a heterozygous carrier
of the genetic variant of the IBAS57 gene at position
c.667C>G (NM_001010867.4, p.Arg223Gly). No
specific treatment is required; observation by a pe-
diatrician and medical and genetic counseling of the
couple when planning the next pregnancy are rec-
ommended.

Multiple mitochondrial dysfunctions syn-
drome-3 (MMDS3) is a severe autosomal recessive
neurodegenerative disorder characterized by loss
of previously acquired developmental milestones
in the first months or years of life, caused by ho-
mozygous or compound heterozygous mutations
in the IBA57 gene (Online Mendelian Inheritance
in Man, 2026). Currently, more than 30 patho-
genic variants of IBA57 have been reported, with
a broad phenotypic spectrum ranging from severe
intellectual disability to adolescent-onset spastic
paraplegia (Camponeschi et al., 2022). The homo-
zygous ¢.706C>T (Pro236Ser) mutation was as-
sociated with leukodystrophy and variable clinical
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phenotypes (Torraco et al., 2017), and the hetero-
zygous Tyr219Cys mutation was associated with
mitochondrial leukoencephalopathies in children
(Bindu et al, 2018). Ajit Bolar et al. reported 2 sibs,
born of consanguineous Moroccan parents, with a
lethal encephalomyopathy and myopathy resulting
from mitochondrial dysfunction (Ajit Bolar et al.,
2013). Debray et al. reported a male infant born to
consanguineous Moroccan parents with MMDS3.
The newborn had progressive hypotonia, motor re-
gression, and loss of previously acquired skills, in-
cluding sitting, babbling, and visual tracking, and he
died at age 17 months. WES detected a homozygous
c.436C>T (p.Argl46Trp) variant in the IBAS7
gene (Debray et al., 2015). Lang et al. reported the
IBAS57 ¢.310G>T (p.Gly104Cys) in a 2-month-old
infant of Cuban descent with progressive hypotonia,
weakness, and episodes of upgaze deviation (Lang
et al., 2022). Sato et al. reported the same muta-
tion but with a compound heterozygous genotype
(c.49 67dup (p.Leu23fs) (Sato et al., 2021). Xu et
al. reported compound heterozygous variants in the
IBAS57 gene: ¢.395 400dup (p.V132_Q133dup) and
¢.832delC (p.R278Afs*23). Both variants may alter
the protein structure and stability, potentially result-
ing in partial or complete impairment of its activity
and function (Xu et al., 2026).

In this report, we describe a heterozygous
variant in the IBAS57 gene at positions ¢.286T>C
(NM _001010867.4, p.Tyr96His) and c.667C>G
(NM_001010867.4, p.Arg223Gly). The Tyr96His
mutation of IBA57 was found in a high number of
patients, in heterozygosity with several missense
(Gly63Asp, Thr106Ala, Gly252Cys) and non-mis-
sense (c.697C>T, Arg223*; p.307C > T, GIn103*;
c.22C>T, Arg8*; ¢.522 523del, Leul75Al-
afs; ¢.589 590del, Argl97Alafs; c.1053G>A,
Trp351%*; ¢.589 590del, Argl97Alafs) mutations
(Liu et al., 2018; Zhang et al., 2019; Hu et al.,
2020)). Jiang et al. identified the IBAS57 ¢.286T>C
mutation as a hotspot mutation in Chinese patients
with a stable natural history. Of 61 patients, 46 pre-
sented with MMDS3; 58.7% were of Chinese ori-
gin, and 85.2% had the ¢.286T>C mutation (Jiang
et al., 2025). Xu et al. presented a case report on
a child, aged 1 year and 2 months, who had mo-
tor decline, was unable to sit alone, had limited
right arm movement, hypotonia, hyperrefiexia of
both knees, and Babinski sign positivity on the
right side, accompanied by nystagmus. WES de-
tected two heterozygous mutations in the IBAS57
gene, ¢.286T>C (p.Y96H) (likely pathogenic, LP)
and c.992T>A (p.L331Q) (variant of uncertain
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significance, VUS) (Xu et al., 2024). Wu et al.
presented a case report of two MMDS3 twin girls
having compound heterozygous variants of the
IBAS57 gene, namely ¢.286T>C (p.Tyr96His) and
¢.307C>T (p.GIn103Ter). According to the Ameri-
can College of Medical Genetics and Genomics
(ACMG) guidelines, both variants were classified
as pathogenic. However, after treatment with vi-
tamins, levocarnitine, ATP, coenzyme Q10, and
other medications and supplements, both children
showed partial recovery of neurodevelopmental re-
gression and improvement in motor, language, and
cognitive development (Wu et al., 2025).

We did not identify homo- nor heterozygous
mutation at position ¢.286T>C in the fetus sample,
which, according to the ACMG guidelines, is consid-
ered as PM3_VeryStrong (highly pathogenic). How-
ever, we found a heterozygous variant in the IBAS57
gene at position c.667C>G (NM_001010867.4,
p-Arg223Gly). Currently, there are no reports on the
pathogenicity of this variant; it is considered a VUS
and has a single submission in the ClinVar database
(ClinVar, 2026). Detection of a compound heterozy-
gous variant in a proband diagnosed with MMDS3,
likely the first such identification.

Author contributions

Given the family history of MMDS3 with a
compound heterozygous IBAS57 mutation in the pro-
band and the genetic finding in fetal DNA, it was de-
cided to prolong the pregnancy; however, confirma-
tory DNA sequencing after birth was recommended.
Since the DNA sequencing results of the fetus and
newborn are matched, only observation by a pedia-
trician was proposed.

Conclusion

The IBAS57 gene-related MMDS3 can have
a wide range of outcomes and consequences and
may progress rapidly. Early awareness is crucial to
prompt and proper administration. Our study reveals
the importance of early prenatal genetic testing for
IBAS7-related MMDS3 for early diagnostics and
consent decision-making.
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