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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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MITOFUSIN 1 AS A MARKER FOR EMBRYO QUALITY AND DEVELOPMENT IN
RELEVANCE TO ICSI OUTCOME IN INFERTILE FEMALES

Rana R. Khalil, Hayder A.L. Mossa, Mufeda A. Jwad.

High Institute for Infertility Diagnosis and Assisted Reproductive Technology, Al-Nahrain University, Baghdad, Iraq.

Abstract.

Background: Mitofusin-1 is one of the membrane profusion
proteins that is present in the mitochondria wall. It has a role in
mitochondrial fusion. Deletion of mitochondrial fusion proteins
in oocytes leads to dynamic defects in mitochondria. Growth of
implanted and after implantation embryo is an ATP-demanding
step that involves a range of ATP-consuming events that require
a small amount of ATP.

Aim: The study aims to evaluate the mitofusin-1 in the serum
and follicular fluid as a marker for the evaluation of embryo
quality, in addition to the pregnancy rate in infertile females
undergoing ICSI cycles.

Patients and Methods: The cross-section study included 50
infertile couples who were prospectively recruited according to
specific criteria at the” High Institute for Infertility Diagnosis
and Assisted Reproductive Technologies” at AL-Nahrain
University for one year. all participants have undergone oocyte
pickup, ICSI, and embryo transfer. Mitofusin-1 levels were
measured in serum on day 2 of the cycle and in follicular fluid
on the day of ova pick-up.

Results: Showed important positive relations between
follicular fluids mitofusin-1 with a total number of embryos (r=
0.428 & p=0.002), GI embryos (r=0.335 & p=0.017) and GII
embryos (r= 0.295 & p= 0.038). Out of 50 females, 14 (28.0
%) females became pregnant according to the results there
were significantly higher follicular fluids mitofusin-1 levels
in pregnant females (3.88 + 1.41 vs. 2.73 £ 1.24 & p=0.007)
compared to non-pregnant group. Also, the follicular fluids
mitofusin-1 cut-off value was > 2.89 ng/ml with sensitivity=
71.4%, specificity = 66.7%, positive predictive value 47.8%,
negative predictive value 88.9%.

Conclusion: elevated MENT1 levels in the follicular fluid may
affect positively IVF / ICSI outcomes (embryo quality, and
pregnancy rate).

Key words. ICSI, infertility, mitofusin-1, pregnancy.

Introduction.

One of the major issues faced by couples during their
marriage is infertility. It has been noticed by ‘The World Health
Organization as a major public disease that affects many people.
Globally, 48 million and 186 million had infertility [1].

Mitochondria has a major role in normal cellular functions
such as energy generation, calcium homeostasis, signal
transduction, programmatic cell death, oocyte growth, and early
embryonic development [2,3]. As research efforts focused on
the reproductive sciences, Mfnl and Mfn2 are also involved in
oogenesis, follicle maturity, and embryo development [4].

The gene mitofusin-1 is located on chromosome 3, the protein
encoded by this gene is a mediator of mitochondrial fusion.
This protein interacts with each other to enable mitochondrial
dynamics [5].
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During the development of follicle and embryo, the expression
of mitofusin-1 is precisely controlled in different steps; an extra
or lack of mitofusin-1 leads to abnormal mitochondrial function
and ATP metabolism, also preventing oocyte divisions and
embryo growth [6].

Patients and Methods.

Fifty infertile women were seeking fertility treatment at
the “High Institute for Infertility Diagnosis and Assisted
Reproductive Technologies” at Al-Nahrain University. Ages
were 22 to 42 years old. All participants received written
informed consent after an explanation of the study procedure.
On day 1 or 2 cycles, all females had their basal serum hormonal
level, and the serum sample was taken and kept in a deep freezer
(-20) to be used for measurement of mitofusin 1 level. Follicular
fluid samples were taken on the day of oocyte retrieval and
kept in a deep freezer (-20) to be used for the measurement
of mitofusin-1 level later on. On day 3 embryo grading and
embryo transfer were performed. Mitofusin-1 levels were
measured in follicular fluid and serum by mitofusin-1 ELISA
kit (Mybiosource /USA). Blood levels of b-hCG were measured
on the 14th day after embryo transfer. Biochemical pregnancy
was considered when the serum b-hCG level was > 5 mIU/
mL. Under an inverted microscope at day 1 post-fertilization,
checking was done for the presence of two pronuclei (PN) then
incubation of the dish containing the zygotes until day 3. On day
3 post-transfer, the evaluation of each embryo was performed
individually under a microscope [7].

Grade 1: Top-quality embryos: embryos that contain 4-5
cells at 44 h and 7 cells or more at 68 h, elastomers that have
equal size and 10 or less than 10 % fragmentation at 68 h and no
multinucleation at any time point.

Grade 2: Normally developed embryos: embryos with 6 or
more than 6 cells at 68 h and 20 or less than 20% fragmentation
at 68 h.

Grade 3: defined as embryos with or more than 4 cells at 68 h,
no cleavage arrest (i.e. cleavage must have occurred within the
last 24 h) and more than 20% fragmentation at 68 hours.

Results.

Correlations between follicular fluids and serum
mitofusin-1 levels with embryos ICSI outcomes: Correlation
between follicular fluids and serum mitofusin-1 with embryos
ICSI outcomes were demonstrated in table 1 and the results also
showed significant positive correlations between follicular fluids
mitofusin-1 with total embryos (r=0.428 & p=0.002) (Figure 1),
GI embryos (r=0.335 & p=0.017) (Figure 1) and GII embryos
(r=0.295 & p=0.038) (Figure 1); there was also insignificant
positive correlation with GIII embryos; however there were also
no significant correlations between serum mitofusin-1 with all
embryos ICSI outcomes.
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Figure 1. Correlation between follicular fluids mitofusin-1 and total embryo count (A), GI count (B), GII count (C).

Non-pregnant
females

72.0 %

Figure 2. Pregnancy rates of patients in the present study.

Comparison of follicular fluids and serum mitofusin-1
levels between pregnant and non-pregnant females: Out
of 50 females, 14 (28.0 %) females became pregnant (Figure
2). The comparison of follicular fluids and serum mitofusin-
1between pregnant and non-pregnant females were presented in
Table 2, according to the results there were significantly higher
follicular fluids mitofusin-1 levels in pregnant females (3.88 +
1.41 vs. 2.73 £ 1.24 & p=0.007), there was also insignificantly
higher serum mitofusin-1 in pregnant females (11.95 + 1.16 vs.
11.73 £ 1.46 & p=0.917).

Discussion.

Mitochondrial profusion proteins are essential players in the
intricate process of embryonal development. These proteins
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are responsible for maintaining the dynamic balance of
mitochondrial fusion and fission, thereby ensuring the health
and functionality of these vital cellular organelles. During
embryogenesis, when a single cell evolves into a complex
organism, there is a tremendous need for energy production,
cellular growth, and differentiation. Mitochondria, known
as the powerhouses of the cell, are crucial in meeting these
demands. Mitochondrial profusion proteins, such as mitofusins
(MFNI1 and MFN2) and optic atrophy 1 (OPAL1), facilitate the
fusion of mitochondria, allowing for the exchange of contents,
mixing of mitochondrial genomes, and restoration of damaged
mitochondria. This fusion process enables the formation
of an interconnected mitochondrial network that efficiently
distributes energy and metabolites throughout the developing
embryo. Furthermore, mitochondrial fusion plays a pivotal role
in embryonic stem cell maintenance and differentiation. It has
been observed that defects in mitochondrial profusion proteins
can lead to impaired embryonic development, as evidenced by
studies on knockout animal models. These findings highlight
the critical role of mitochondrial profusion proteins in ensuring
the proper development and functioning of embryonic cells.
Understanding the underlying molecular mechanisms of
mitochondrial dynamics during embryogenesis can provide
valuable insights into the aetiology of developmental
disorders and potentially guide the development of therapeutic
interventions in the future [8,9].



Table 1. Correlations between follicular fluids and serum mitofusin-1
with embryos' ICSI outcomes.

Mitofusi.n—l ... Statistics | F.F.Mitofusin-1 Se.rum .

correlation with mitofusin-1

Towlembos e oas  0s4sN

Glenbyos e 0017S oains
2 A1

Gl embryos ' alue 8.022 S 8,46431 NS

GIIl embryos p value 8411(6)3 NS ;)(.).1%)486NS

G: Grade; r: Pearson’s correlation coefficient.
S: Significant (p < 0.05); NS: Not significant (p > 0.05) .

Table 2. Comparison of follicular fluids and serum mitofusin-1 levels
between pregnant and non-pregnant females.

Pregnant Non-pregnant
Parameters females females p value
N.=14 N.=36
F.F. Mitofusin-1 (ng/ml) 3.88+1.41 2.73+1.24 2'007 ¥
Serum mitofusin-1 (ng/ml) [11.95+1.16 11.73 +1.46 %217 ¥

N S: Not significant (p > 0.05); F: Independent sample t-test

A decrease in the level of Mfn1, also known as Mitofusin-1, can
have significant implications for the mitochondrial dynamic of
somatic cells in embryos. This phenomenon has been highlighted
in scientific research, where it has been observed that defects
in mitochondrial function and embryonic genome initiation
occur when Mfnl levels are reduced [10]. The Mitofusin-1
gene plays a crucial role in controlling mitochondrial function
and embryonic genome initiation, thereby influencing embryo
development [11-13].

Mitochondria are essential organelles in mammals that
function as dynamic entities. Their shape and structure are
maintained through a delicate equilibrium between fusion and
fission processes. Fusion involves the merging of two or more
mitochondria, leading to the formation of a larger, interconnected
network. Fission, on the other hand, is the process by which
mitochondria divide into smaller units. These two processes
work in tandem to regulate the size, number, and distribution of
mitochondria within a cell [8,11].

Minl, as a key regulator of mitochondrial fusion, plays a vital
role in maintaining the balance between fusion and fission.
When Mfnl levels decrease, the fusion process is impaired,
leading to fragmented and dysfunctional mitochondria. This
disruption in mitochondrial dynamics can have detrimental
effects on the overall function of somatic cells in embryos [7,8].

The importance of proper mitochondrial dynamics in
embryonic development cannot be overstated. Mitochondria are
not only responsible for providing energy to the cell but also play
a crucial role in various cellular processes, including apoptosis,
calcium signalling, and reactive oxygen species (ROS)
production. Dysfunctional mitochondria can compromise these
essential functions, leading to developmental abnormalities and
cell death [10,11].
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Furthermore, Mfn1 has been shown to be involved in embryonic
genome initiation, which is the activation of the embryonic
genome during early development. This process is crucial for
proper embryo development and cellular differentiation. Mfn1-
mediated mitochondrial function is necessary for the initiation
and regulation of gene expression during embryogenesis [8].

Pregnancy is a complex process involving the growth of
the fetus and the formation of tissues and organs. Numerous
studies have highlighted the significance of mitochondria
in maintaining pregnancy and facilitating neonatal progress
through the regulation of ATP production, metabolism, and
hormone production. Mitochondria, often referred to as the
"powerhouses" of cells, play a crucial role in energy production
by generating ATP through oxidative phosphorylation. In the
context of pregnancy, the demand for ATP increases significantly
to support various processes, including embryonic growth
and development. The relocation of mitochondria within the
cytoplasm of the ovum is essential for meeting the ATP demands
of'critical processes such as meiotic progression and chromosome
segregation [14,15]. Mitochondria are strategically positioned
near the sites of high energy consumption to ensure an adequate
supply of ATP. Any abnormalities in mitochondrial function
can have detrimental effects on the developmental processes
during pregnancy. Studies have shown that mitochondrial
abnormalities in oocytes can lead to disrupted meiotic spikes,
embryonic growth arrest, and sterility in mammals. Meiotic
spikes are essential for the proper segregation of chromosomes,
which is crucial for the formation of a healthy embryo. When
mitochondrial function is compromised, these meiotic spikes
may be disrupted, leading to chromosomal abnormalities and
developmental issues. Such abnormalities can result in failed
implantation, spontaneous abortions, or the birth of offspring
with genetic disorders [16]. It is evident that mitochondrial
function plays a vital role in embryonic development and the
overall success of pregnancy outcomes. Maintaining a healthy
mitochondrial dynamic is crucial for ensuring proper ATP
production, metabolic regulation, and hormone synthesis during
pregnancy. This emphasizes the importance of maintaining a
healthy lifestyle, including regular exercise, a balanced diet, and
avoidance of factors that can negatively impact mitochondrial
function, such as smoking or exposure to environmental toxins
[17,18].
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