Mitochondrial genotype

associating
with low birthweight after ART

Claudia Spits

[ 1 GENETICS

% REPRODUCTION
AND

I_ ’_| DEVELOPMENT

Image created with the assistance of OpenAl's ChatGPT



nature communications

Article https://doi.org/10.1038/s41467-024-45446-1

Children born after assisted reproduction
more commonly carry a mitochondrial
genotype associating with low birthweight

Received: 10 December 2022 Joke Mertens', Florence Belva®, Aafke P. A. van Montfoort®, Marius Regin',
Filippo Zambelli*, Sara Seneca"?, Edouard Couvreu de Deckersberg',
Maryse Bonduelle?, Herman Tournaye®®, Katrien Stouffs'?, Kurt Barbé’,
Published online: 09 February 2024 Hubert J. M. Smeets ®®?, Hilde Van de Velde®'®, Karen Sermon’,

- Christophe Blockeel®"" & Claudia Spits ®"

Accepted: 23 January 2024

% Check for updates

Human Reproduction Open, 2025, 2025(1), hoae074

https://doi.org/10.1093/hropen/hoae074

r @ Advance Access Publication Date: December 30, 2024

OXFORD Original article

The interplay between mitochondrial DNA genotypes,
female infertility, ovarian response, and mutagenesis
in oocytes

Annelore Van Der Kelen ([21, Letizia Li Piani (51*#°1, joke Mertens (), Marius Regin (%), Edouard Couvreu de Deckersberg’,
Hilde Van de Velde "’, Karen Sermon (), Herman Tournaye (£, Willem Verpoest ()%, Frederik Jan Hes ("
Christophe Blockeel (', and Claudia Spits (3

Image created with the assistance of OpenAl's ChatGPT



Human embryonic stem
cells commonly display large
mitochondrial DNA deletions

To the Editor:

Mitochondria play an important role

in early embryogenesis and contrib-

ute to the unique biology of stem cells.
Undifferentiated human and mouse embry-
onic stem cells (ESCs) contain relatively
few spherical and immature mitochondria,
similar to those in human and other mam-
malian preimplantation embryos'. The
number and maturity of mitochondria
increases upon differentiation, concurrent
with the switch from glycolysis to oxidative

phosphorylation (OXPHOS) for energy
production!. Conversely, human somatic
mitochondria undergo morphological and
functional changes during reprogramming
to induced pluripotent stem cells (iPSCs)2,
with a shift from OXPHOS to glycolysis.
Furthermore, attenuating mitochondrial
function in undifferentiated human (h)
ESCs increases the mRNA levels of the
pluripotency genes NANOG, POUS5FI
(OCT4) and SOX2, compromises the cells’
differentiation potential and increases the
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Human oocytes and embryos commonly carry mtDNA mutations
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mtDNA point mutations are present at various levels
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mtDNA mutations associate to low birth weight
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mtDNA mutations associate to low birth weight and endocrine disorders
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Over ten million ART children

ower birth weight
Increased risk for metabolic abnormalities
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Hypothesis: an increased mitochondrial DNA mutation load

could cause these differences
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The mtDNA can be homoplasmic or heteroplasmic
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The mtDNA can be homoplasmic or heteroplasmic
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The mtDNA can be homoplasmic or heteroplasmic
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The mtDNA can be homoplasmic or heteroplasmic
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Hypothesis: an increased mitochondrial DNA mutation load
could cause the differences seen in ART children




Hypothesis: an increased mitochondrial DNA mutation load
could cause the differences seen in ART children
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Association to ageing or ovarian stimulation?

Molecular Human Reproduction Vol.11, No.11 pp. 785-789, 2005
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Mitochondrial DNA deletions in rhesus macaque oocytes
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Impaired mitochondrial function in murine oocytes
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and in vitro maturation
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Mitochondrial dysfunction may link to infertility
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Hypothesis: female infertility and/or ovarian stimulation

can be linked to mtDNA mutations which are transmitted to the children

= . i A B
Women with a modestly increased mutation Ovarian stimulation generates reactive oxygen éﬁ
load show reduced fertility. species in the ovary that can cause mtDNA

damage.

The lack of dominant follicle has an impact on
mtDNA SNV loads.

l_-‘ _ » <.




Do ART individuals carry

‘a l“ a different mtDNA variant landscape?

Analysis of the mtDNA of 181 control and 270 ART individuals
Mapped all variants:

- homoplasmies: haplogroups and beyond

- heteropasmies

Mertens et al., 2024, Nature Communications
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Analysis of the mtDNA of 181 control and 270 ART individuals
Mapped all variants:

- homoplasmies

- heteropasmies
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‘a [“ a different mtDNA variant landscape?

Analysis of the mtDNA of 181 control and 270 ART individuals
Mapped all variants:

- homoplasmies

- heteropasmies
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Do ART individuals carry
a different mtDNA variant landscape?
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Do ART individuals carry
a different mtDNA variant landscape?
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Do ART individuals carry
a different mtDNA variant landscape?
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Do ART individuals carry
a different mtDNA variant landscape?
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Do ART individuals carry
a different mtDNA variant landscape? A bit
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Do these differences associate to birthweight?
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Do these differences associate to birthweight?
Yes, but apparently only in SC
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What is happening with the ART children?
Old UZBrussel and Cook medium have a strong impact on BW

Further evidence that culture media affect perinatal
outcome: findings after transfer of fresh and
cryopreserved embryos @

Ewka C. Nelissen ¥, Aafke P. Van Montfoort, Edith Coonen, Josien G. Derhaag,
Joep P. Geraedyts, Luc J. Smits, Jolande A. Land, Johannes L. Evers, John C. Dumoulin

Human Reproduction, Volume 27, Issue 7, July 2012, Pages 1966-1976,
https://doi.org/10.1093/humrep/des145
Published: 02 May 2012 Article history v



Do these differences associate to birthweight?

Heteroplasmies
* non-synonymous and rRNA coding variants



Do these differences associate to birthweight?

Heteroplasmies
* non-synonymous and rRNA coding variants

Homoplasmies
* tRNA variants
* Haplogroups




Do these differences associate to birthweight?
Yes, especially for <P25, with odds 2.974

Table 2 | Binary logistic regression to predict a birthweight
under the 10th or 25th percentile in SC individuals and ART

Hetero P lasmies individuals exposed to Vitrolife® culture medium
* non-synonymous and rRNA coding variants ExplB) 95Tl Significance
or Exp
P10 in SC and ART Vitrolife®
. Smoking 7.2 1552-33.496 0.012

Homo P lasmies Pregnancy hypertension 14.045 1.185-166.410 0.036
° H Haplogroup K1 4.952  1.075-22.813 0.040

t R N A varia nts tRNA homoplasmies 7.518 1.850-30.553 0.005
(] Heteroplasmic non-synonymous  2.180 642-7.400 0.212

H a p I Og rou ps and rRNA variants

P25 in SC and ART Vitrolife®

‘ ‘ . Maternal age 1129 1.036-1.231 0.006

= Haplogroup | 5.774 1.125-29.624 0.035
567 Haplogroup J 2248 0.783-6.455 0.132

‘ Haplogroup T 0.146  0.018-1.165 0.069
tRNA homoplasmies 2405 0.796-7.264 0.120

Heteroplasmic non-synonymous  2.974  1.439-6.2144 0.003

and rRNA variants




Where are these heteroplasmic variants coming from?

Study the mtDNA of 157 mother-child pairs



Where are these heteroplasmic variants coming from?
ART children carry more de novo protein and rRNA coding variants
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Where are these variants coming from?

113 oocytes donated in natural
menstrual cycles and after OS
from the same donors

157 mother-child pairs



Where are these variants coming from?
Maternal ageing and controlled ovarian stimulation

113 oocytes donated in natural T?bl.e 5 I' Generalized linear. mod_el regression_s witI'! Poisson
distribution on de novo variants in mother-child pairs and
menstrual cycles and after OS oocytes
from the same donors (8) 95% Wald C.1. Significance
Total number of de novo variants in mother-child pairs and oocytes (N =170)
. . Maternal age 0.037 0.024-0.050 <0.001
157 mother-child pairs rRNA de novo variants in mother-child pairs and oocytes (N=170)
Maternal age 0.054 0.10-0.097 0.015
Total number of de novo variants in oocytes (N=113)
Maternal age 0.079 0.031-0.127 0.001
Oocytes retrieved 0.017 -0.004-0.037 0.110

Total number of de novo non-synonymous and rRNA variants in
oocytes (N=113)

Maternal age 0.033 -0.003-0.068 0.074

Oocytes retrieved 0.021 0.006-0.036 0.007




Where are these variants coming from?
Maternal ageing and controlled ovarian stimulation

Probability of carrying an rRNA/NonSyn variant
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Van Der Kelen & Li Piani et al., Human Reproduction Open, 2025



Where are these variants coming from?
Maternal ageing and controlled ovarian stimulation

Probability of carrying an rRNA/NonSyn variant To have 1 euploid embryo in women aged 40

T e (%) years, 19 oocytes are required (Esteves et al., 2019)
15 20 25 30 35 40 45

gzz—ﬂ In this range, the likelihood for an oocyte to carry
3% a potentially harmful heteroplasmic variant is 25%
57
25+
23+

214

Number of oocytes retrieved

20 22 24 26 28 30 32 34 36 38 40 42 44

N=261 Maternal age

Van Der Kelen & Li Piani et al., Human Reproduction Open, 2025



Where are these variants coming from?
Maternal ageing and controlled ovarian stimulation

Probability of carrying an rRNA/NonSyn variant To have 1 euploid embryo in women aged 40

T e (%) years, 19 oocytes are required (Esteves et al., 2019)
15 20 25 30 35 40 45

gZE—j In this range, the likelihood for an oocyte to carry
3% a potentially harmful heteroplasmic variant is 25%
29+
27+
25+

237 This is 1.5-times higher than the general
population (15.6%, Wei et al., 2019)

Number of oocytes retrieved

20 22 24 26 28 30 32 34 36 38 40 42 44

N=261 Maternal age

Van Der Kelen & Li Piani et al., Human Reproduction Open, 2025



Take home messages

1. rRNA and non-synonymous variants
associate with lower birthweight percentiles

2. They occur more frequently in ART individuals due to
1. de novo mutagenesis associated with maternal aging
2. ovarian stimulation-induced large oocyte cohorts

3. Association # causation: more research needed!
1. currently looking into perinatal outcomes vs ART treatment factors



Joke Mertens

Filippo Zambelli
Florence Belva
Aafke van Montfoort
Annelore Van Der Kelen
Letizia Li Pianni

Kurt Barbe

Sara Seneca

Bert Smeets

Maryse Bonduelle

Marius Regin

Katrien Stouffs
Karen Sermon

Universitair
Herman Tournaye Ziekenhuis
Christophe Blockeel Brussel )

. Centrum voor
lleana Mateizel ’_pf) Brussels IVF Medische Genetica
Hilde van de Velde

[ ~| GENETICS
= WETENSCHAPPELIJK - % REPRODUCTION
= FONDS WILLY GEPTS fwo @ AND
” | DEVELOPMENT

!
l

|

i

I “‘; i
[ »
A"l

eiil

il

P
i



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Do ART individuals carry  a different mtDNA variant landscape?
	Slide 19: Do ART individuals carry  a different mtDNA variant landscape?
	Slide 20: Do ART individuals carry  a different mtDNA variant landscape?
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40

