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EPIGENETICA
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Human Reproduction Update, pp. 1-39, 2023
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Contribution of semen to early
embryo development: fertilization
and beyond

Montserrat Vallet-Buisan', Rajwa Mecca', Celine Jones',
Kevin Coward ©', and Marc Yeste 0>***

'Nuffield Department of Women's and Reproductive Health, Level 3, Women's Centre, John Radcliffe Hospital, University of Oxford,
Oxdord, UK “Biotechnology of Animal and Human Reproduction (TechnoSperm), Instiute of Food and Agricultural Technology,
University of Girona, Girona, Spain “Unit of Cell Biology, Department of Biology, Faculty of Sciences, University of Girona, Girona, Spain
Catalan Institution for Research and Advanced Studies (ICREA), Barcelona, Spain
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A epigenetica referse ao
processo de regulacao génica
sem alteracdes na sequéncia do
DNA e Iinclu:

C!DNAmethylation

C! Posttranslational histone
modifications

C!MicroRNA (miRNA) regulation
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Xavier, MJ et al. Human Reproduction Update, Vol.25, No.5, pp. 519 T 541, 2019

Gastrula Fetus

Morula Blastocyst

C Durante a vida dos mamiferos, as celulas sao submetidas a duas grandes reprogramacoes
epigenéticas em todo o genoma:

A Reprogramagao Gameticacorre emPGCsle embrides durante o desenvolvimento das ceélulas
germinativas.

A Reprogramagao Embrionarieomeca imediatamente apds a fertilizacdo e dura até o estagio de
blastocisto do desenvolvimento embrionario

C Em termos evolutivos, essas mudancas ciagiversidade fenotipica que alimentaa-selecao
natural.

C No entanto, em vez de ser adaptatiessa variagaotambémopode gerarnumasinfinidade de
estados-de/doencaspatologigaie variam de distlrbios genéticozandigbes neurologicas.
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Human Reproduction Update, Vol.28, Mo.l, pp. 51-66, 2021
Advance Access Publication on October 7, 2021 doiz10.1093/humupd /dmab029
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Contribution of epididymal epithelial
cell functions to sperm epigenetic
changes and the health of progeny

Hong Chen, Maira Bianchi Rodrigues Alves, and
Clémence Belleannée &*

Deparment of Obstetrics, Gynecology and Reproduction, Universicé Laval, Quebec, Canada

\
/

Environment/lifestyle insult

gl

(\ Stress g Daily diet

Alcohol

Altered ge;er :expression

; " in zygote
| / \ v
. Environmental exposure changes the Environmental exposure affects | - with
activity of RNA methyltransferases sperm sncRNA payload during r:r;: g |rr1eealeterr]n ofr)(l)(f)fsgr;:)ing

FERTG R@U P and the production of tRFs maturation in the epididymis



Exposure to different environmental conditions (diet/stress)
alters small RNAs in gonad somatic cells
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Existem fortes evidénciake fatores-epigenéticos:causadospelosambiente e transmitidos
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Influence of Diet and
Exercise on Sperm and its
Epigenome

ESHRE Annual Conference 2023, Copenhagen

Prof. Romain Barres

Center for Basic Metabolic Research (CBMR)
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Maintenance of weight loss after 52 weeks is associated with
improved sperm concentration and sperm count
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Western style diet before conception is associated with epigenetic
changes in sperm and an altered metabolic phenotype in the

offspring
B-cell mass
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Ng [...], Barres, [...], and Morris, Nature, 2010.
De Castro Barbosa [...] and Barres, Molecular Metabolism, 2015.
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R COMMmications 3 Diet and obesity independently impact sperm motility

Male reproductive traits are differentially
affected by dietary macronutrient balance
but unrelated to adiposity

Received: 25 September 2022 A. ). Crean®', 5. Afrin', H. Niranjan', T. J. Pulpitel’, G. Ahmad'?, A. M. Senicr @',
T. Freire’, F. Mackay', M. A. ga”, R. @*%, 5. ). Si 0's
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Low protein high carbohydrate paternal diet composition induces
an anxiety-like phenotype in male offspring
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Crean et al., Unpublished.
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Low protein diet remodels the DNA methylation profile of
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EPIGENETIC PROFILING OF SPERMATOZOA

LEAN N=13 OBESE N=10

TRIGLYCERIDES'

CHOLESTEROL "'
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Epithelial cells
- J

SWIM-OUT ;ROCEDURE

HOMA-IR *

. DNA methylation

AGE: 36 (30 a 39) AGE: 34 (24 a 40)
BMI: 22.9 (20.6 @ 24.9) BMI: 31.8 (29.8 a 40.1)
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DNA methylation variation after exercise training affects
brain development genes
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Paternal sperm DNA methylation associated
with early signs of autism risk in an
autism-enriched cohort

Jason | Feinberg,'? Kelly M Bakulski,'?® Andrew E Jaffe,*'"

Rakel Tryggvadottir,? Shannon C Brown,"* Lynn R Goldman,*®
9,10

Lisa A Croen,” Irva Hertz-Picciotto,® Craig J Newschaffer,
M Daniele Fallin™'"* and Andrew P Feinberg®'?*

Int J Epidemiol. 2015

The epigenetic signature of

79% these fathers (DNA
p=3.5x10-12 metylation) was striking
overlap between those with
gastric bypass an obese
Individuals.

Feinberg et al., Int J Epidemiol, 2015.
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OBESITY

Paternal obesity—a risk factor
for autism? - : R

Susan K. Murphy

The aetiology of autism-spectrum disorders is partly explained by genetic
factors, but a substantial component is attributed to environmental
exposures. New evidence suggests that paternal obesity increases

the risk of having a child with autism, which raises the possibility that
obesity-driven, autism-related shifts in epigenetic reprogramming occur
during spermatogenesis.

Murphy, S. K. Nat. Rev. Endocrinol. 10, 389-390 (2014); published online 3 June 2014;
401:10,1028/nrendo,2014,81

“Paternal obesity was associated with a 73% increased risk (OR 1.73, 95%
Cl 1.07-2.82) of having a child diagnosed with autism, compared with
the risk of autism in children of non obese fathers (BMI <25 kg/m2)."

Murphy, Nat Rev Endocrinol, 2014
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Garrido et al. Clin Epigenet (2021) 13:6

https://doi.org/10.1186/s13148-020-00995-2 Cl in ica | Ep igeneti CS

RESEARCH Open Access

: : . ®
Sperm DNA methylation epimutation e
biomarker for paternal offspring autism
susceptibility

Nicolas Garrido', Fabio Cruz', Rocio Rivera Egea', Carlos Simon??, Ingrid Sadler-Riggleman®, Daniel Beck®,
Eric Nilsson* Millissia Ben Maamar® and Michael K. Skinner**

DMR Associated Genes and Autism
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A Unique Gene Regulatory Network Resets
the Human Germiline Epigenome for Development

Walkod W.C. Tang, " Sabine Dictmann, - Naoks ire, -~ Harry G. Leitch,” Vasilsos L Flores, * Charies R Beacshaw,’
Jamie A. Mackett,'-*~ Patrick F. Chinnery.* and M. Azim Surame -~
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TS

Region escaping reprogramming were related to
“[...] genes expressed in brain and participated in
neural development. Comparison of the escapee
geneswith the NHGRI GWAS catalog revealed
characteristic frait and disease associations, such
as “obesity-related fraits,” “schizophrenia,” [...]"

ONA methylation
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Tang et al., Cell, 2015.
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Figure 1 Main factors involved in impaired male infertility due to reproductive aging.
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Influence of paternal age on assisted
reproductive technology cycles and
perinatal outcomes

Audrey M. Marsidi, M.D.,? Lauren M. Kipling, M.P.H.,? Jennifer F. Kawwass, M.D.,2
and Akanksha Mehta, M.D.¢

@ Division of Reproductive Endocrinology and Infertility, Department of Gynecology and Obstetrics, Emory Reproductive
Center, Atlanta, Georgia; ° Department of Epidemiology, Emory University Rollins School of Public Health, Atlanta,
Georgia; and “ Department of Urology, Emory University School of Medicine, Atlanta, Georgia

Fertil SteriP021;116:3807

e 77,209 fresh nondonor cycles

Compared with paternal age <45 years, paternal age >46 years was associated
with:

o a lower likelihood of pregnancy per cycle (adjusted risk ratio [ aRR] 0.81; 95%
confidence interval [CI] 0.76 DZ87) and per transferr (aRR0.85; 95% CI 0.8DZ 90);

o a lower likelinood of live birth per cycle (@RR0.76; 95% CI 0.7DZ84) and per

transfer (aRR0.82; 95% CI 0.7DZ88),
(after controlling for maternal age and other confounders).
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European Journal of Epidemiology (2021) 36:849-860
https://doi.org/10.1007/510654-021-00734-8

REPRODUCTIVE EPIDEMIOLOGY 4‘)

Check for
updates

Parental age and birth defects: a sibling study

Hans K. Hvide23® . Julian Johnsen? - Kjell G. Salvanes®>%78
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Human Reproduction Update, Vol.26, No.5, pp. 650-669, 2020
Advance Access Publication on May 2. 2020 doi:|0.1093/humupd/ dmaa0|0

"mcu

Advanced paternal age is associated
with an increased risk of spontaneous
miscarriage: a systematic review and
meta-analysis

Nadia A. du Fossé " '* Marie-Louise P.van der Hoorn',
Jan M.M. van Lith', Saskia le Cessie?”, and Eileen E.L.O. Lashley'

Pooled risk estimates for
miscarriage for age
categories 3934, 3% 39,
40c44 and#d5 years of age
were:

0)

0)
0)
0)

1.04(95% Cl 0.90,1.21),
1.15(0.92, 1.43),
1.23(1.06, 1.43),
1.43(1.13, 1.81)
respectively (reference
category 2§29 years)
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Age category
Study (year)

30-34

Slama et al. (2005)

Nybo Andersen et al. (2004)
Slama et al. (2003)

De la Rochebrochard et al. (2002)
Nguyen et al. (2019)

Maconochie et al. (2007)

Xu et al. (2014)

Baba et al. (2011)

Kleinhaus et al. (2006)

Subtotal (I-squared = 62.0%, p = 0.007)

35-39

De la Rochebrochard et al. (2002)
Nybo Andersen et al. (2004)

Xu et al. (2014)

Nguyen et al. (2019)

Baba et al. (2011)

Slama et al. (2005)

Slama et al. (2003)

Maconochie et al. (2007)
Kleinhaus et al. (2006)

Subtotal (I-squared = 75.6%, p = 0.000)

40-44

Nybo Andersen et al. (2004)
Slama et al. (2005)

Slama et al. (2003)

Maconochie et al. (2007)

Nguyen et al. (2019)

Xu et al. (2014)

De la Rochebrochard et al. (2002)
Kleinhaus et al. (2006)

Baba et al. (2011)

Subtotal (I-squared = 16.8%, p = 0.293)

>45

Nybo Andersen et al. (2004)

Slama et al. (2005)

Maconochie et al. (2007)

Nguyen et al. (2019)

Subtotal (I-squared = 0.0%, p = 0.447)

L 4

NOTE: Weights are from random effects analysis

Risk estimate
(95% Cl)

0.85 (0.57, 1.27)
0.86 (0.72, 1.03)
0.92 (0.56, 1.50)
0.93 (0.60, 1.45)
1.04 (0.83, 1.30)
1.05 (0.83, 1.33)
1.1 (0.89, 1.38)
1.14 (0.63, 2.07)
1.40 (1.21, 1.62)
1.04 (0.90, 1.21)

0.68 (0.42, 1.12)
0.99 (0.79, 1.25)
1.03 (0.78, 1.36)
1.11 (0.81, 1.52)
1.14 (0.63, 2.07)
1.18 (0.76, 1.84)
1.21 (0.66, 2.22)
1.22 (0.94, 1.59)
1.90 (1.58, 2.28)
1.15 (0.92, 1.43)

0.77 (0.4, 1.34)
0.99 (0.58, 1.68)
1.01 (0.35, 2.92)
1.04 (0.71, 1.53)
1.10 (0.70, 1.73)
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Figure 2 Forest plot describing the association between paternal age in different age categories and the risk of miscarriage
<20 weeks.



D3 high- D3 normal Blastocyst
quality embryo development High-quality
Paternal variable Fertilization (%) embryos (%) development (%) (%) blastocysts (%) Implantation (%) Pregnancy chance Miscarriage chance Live birth chance
Age
B -0.276 -0.040 -2.750 -0.070 -44.058 -0.060 Exp(B) 0.664 Exp(B) 1.019 Exp(B)0.812
SE 0.085 0.017 0.8625 0.035 20.248 0.007 0.187 0.052 0.100
Cl -0.44 to -0.11 -0.07 to -4.44to0 -1.06 -0.14 to -84.07to -4.05 -0.08 to -0.05 0.457 to 0.967 0918t0 1.131 0.665t00.991
-0.01 -0.002
[ p 001 021 001 043 031 <001 033 718 041 ]
EA
B -0.083 -0.003 -0.300 -0.589 13.8125 -0.012 Exp(B) 0.051 Exp(B)0.861 Exp(B) 0.169
SE 0.847 0.015 0.014 0.243 88.143 0.003 1.803 0.190 1.195
Cl =044 to -0.11 -0.01to -0.06to -0.02 -1.07 to -0.11 =-160.34 to =-0.20to -0.35 0.001to 1.870 0.589t01.258 0.015t0 1.851
-0.001 18797
P 765 .028 036 016 .B76 <,001 103 435 142
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