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Why?



Epigenetic Mechanisms

❖ Mechanisms which govern gene 
expression in diverse gene types 
which otherwise carry the same 
genomic DNA sequence.

❖ DNA methylation at CpG 
dinucleotides, covalent 
modifications of histone proteins.

❖ They are established, read, and 
erased by specific protein 
complexes, which control each 
cell’s transcriptional machinery to 
maintain mitotically heritable 
differences in gene expression 
potential without altering the 
DNA sequence.



Methylation

❖ DNA methylation occurs at 
CpG dinucleotides which are 
concentrated in genomic 
regions called CpG islands, 
typically located within gene 
promoters. 

❖ Meth+  = off ; Meth- =on.

❖ DNMTs establish and 
maintain DNA methylation 
patterns.



Histone Modifications

❖ The basic is an octamer of histone 
proteins, 2X H2A, H2B, H3, and 
H4.

❖ Histone proteins have tails that 
can have a number of post-
translational modifications 
including: acetylation, 
methylation, phosphorylation, 
ubiquitylation, sumoylation, ADP-
ribosylation, proline 
isomerization, citrullination, 
butyrylation, propionylation, and 
glycosylation.



Parental Imprinting

❖ Most autosomal genes are expressed from both paternal and 
maternal alleles.

❖ Imprinted genes are expressed predominantly, or exclusively, 
from either the maternal or paternal allele in a parent-of-origin-
specific manner. 

❖ Imprinted genes do not conform to Mendelian genetics and do 
not predict parent-of-origin specificity for gene expression.

❖ Imprinted genes are subject to more complex epigenetic 
regulation than non-imprinted genes, providing more 
opportunities to acquire epigenetic errors.













However…

❖ Small differences, biological significance unknown.

❖ Very limited, sometimes irrelevant, substrate for 
research.

❖ Implantation and gestation might select the normally 
methylated embryos.

❖ Epigenetic disruption after super-ovulation observed at 
the blastocyst stage was not found later in gestation of 
mouse embryos.



Epigenetic Disorders and Male 
Subfertility

❖ The sperm epigenetic program is unique. 

❖ PGCs- major erasure of epigenetic marks-widespread erasure 
of somatic-like patterns of DNA methylation.
Spermatogenesis- Chromatin reorganization and a 
condensation —>  de novo DNA methylation by sex-specific 
patterns, histone acetylation, histone-to-protamine transition.

❖ After fertilization, decondensation of the male pronucleus 
followed by an epigenetic reprogramming with active DNA 
demethylation, protamine-to-histone transition.





Epigenetic Disorders and Male 
Subfertility

❖ High global DNA methylation in ejaculated sperm is associated with 
pregnancy, whereas methylation defects are associated with 
infertility. Benchaib et al Hum Reprod 2005.

❖ Improperly elevated levels of DNA methylation of imprinted and 
nonimprinted genes and repetitive elements in poor-quality semen 
samples. Houshdaran S et al PLoS One 2007

❖ A loss of methylation of H19 DMR was found in men with OTA, and 
an association between H19 DMR methylation decrease and 
decreased sperm count was observed. An unexpected and abnormal 
methylation state of MEST DMR was also observed in 
oligozoospermic sperm. Marques et al. Lancet 2004, Mol Hum Reprod 2008. 



Histones and Protamines

❖ Histone modifications impair sperm production in a 
variety of animal models.

❖ Abnormal low protamine levels and P1/P2 ratios are 
associated with increased DNA fragmentation.

❖ Alterations of the P1/P2 ratio are very rare in fertile men 
but common in infertile men.

❖ Low protamine levels, i.e. elevated histone retention, 
was linked to infertility. Zhang et al  J Androl 2006.



Bottom line…

Sperm anomalies are associated 
with epigenetic dysregulation.

ICSI bypassed these problems 
and might result in fertilisation 
with epigenetically abnormal 
spermatozoa.



Oocyte IVM

❖ Abnormal methylation of H19 
DMR and demethylation of LIT1 
DMR. 

❖ Reduced histone deacetylase 
(HDAC1) levels and insufficient 
histone-3 lysine-9 (H3K9) 
deacetylation.

❖ GTL2 and SNRPN methylation 
imprints were found normal after 
IVM.

❖ Clinical and embryological 
protocols too variable.



In Vitro Culture

❖ Mouse embryos cultured with 13 different human ART media showed 
significant differences in blastocyst and fetal developmental rates. Schwarzer el at 
Hum Reprod 2012. 

(Is mouse embryo quality control suitable???)

❖ Mouse embryo culture in KSOM or Whitten without FCS was associated with 
specific reduced anxiety and poor spatial memory in the adult mice. Ecker et al 
PNAS 2004. 

❖ Suboptimal IVC, particularly FCS in the medium, delayed pre-weaning and 
neurodevelopment, reduced locomotion activity, and led to specific behavioral 
alterations and memory deficiencies. Fernandez-Gonzalez et al PNAS 2004

❖ In vitro–produced lambs and calves often exhibit over-growth abnormalities of 
fetus and placenta that are associated with an increased rate of pregnancy loss 
and an increased perinatal mortality. In vitro versus in vivo produced sheep 
and cow embryos differed in their DNA methylation and gene expression 
patterns 
Wrenzycki et al  Fertil Dev 2005.



Agouti viable yellow (Avy) mouse 
model

❖ Transposable IAP element inserted 
into the Agouti locus creates an 
allele which is turned on or off.

❖ Methylated—> WT (dark, normal).
Unmethylated—> agouti 
phenotype, yellow coat color and 
metabolically abnormal.

❖ Culture in a commercial human 
IVF medium, (suboptimal for 
mouse embryos?), increased the 
frequency of hypomethylated Avy 
alleles the Agouti phenotype. 

Morgan et al Biol Reprod 2008



The Bottom Line ……..



BECKWITH-WIEDEMANN SYNDROME

❖ Fetal overgrowth , 1:14,500–
13,700.

❖ Hypermethylation of H19 
Hypomethylation of KCNQ1 
UPD (pat)  of H19
Microdeletions, translocation, 
inversion, duplications 
20% of cases-unknown

❖ In ART- associated cases, 
almost all BWS is due to 
hypomethylation of KCNQ1.



BECKWITH-WIEDEMANN SYNDROME

❖ DeBaun et al. (Am J Hum Genet 2003)  Two voluntary registries of 
BWS.  BWS was at least X6 in ART children.

❖ Gicquel et al. (Am J Hum Genet 2003) a complete french registry all 
BWS patients. 6/149 BWS patients were born after IVF or 
ICSI (RR 3.2).

❖ Halliday et al. (Am J Hum Genet 2004). Victoria, Australia. 
Prevalence; general 1:35,580; ART 1:3,723 - RR 9.6.

❖ There is a significant positive association between IVF/ICSI 
treatment and BWS, with an RR of 5.2. 1:13,700 <—> 1:2,700.

❖ Egg or Hen???



SILVER-RUSSELL SYNDROME

❖ Severe intrauterine and postnatal growth restriction, 
microcephaly, and a small triangular face. 

❖ 50% significant cognitive impairment. 

❖ Hypomethylation of H19 or UPD of maternal 
chromosome 11.

❖ In 50% molecular confirmation or explanation of the 
disease is not found.



SILVER-RUSSELL SYNDROME

❖ Lammers et al Tijdschr Kindergeneeskd 2012. Complete Dutch 
SRS registry -38 children. 23 parents answered 
questionare. 2/23 born after IVF and 1/23 after ICSI, 
compared 2% in the general population. RR of 6.7? bias?

❖ Hiura et al Hum Reprod 2012. Japan. 42 cases, 4 born after 
IVF/ICSI, ART prevalence 0.75%.

❖ A total of 13 SRS children born after ART were 
reported, both IVF and ICSI, numbers too small.



ANGELMAN SYNDROME

❖ A neurogenetic disorder: severe 
mental retardation, delayed motor 
development, poor balance, jerky 
movements, absence of speech, and 
happy disposition. 

❖ Caused by the absence of function of 
the maternal allele of the UBE3A gene 
on chromosome 15, resulting from a 
deletion, a point mutation, UPD, or an 
imprinting defect.

❖ 1:20,000 to 1:12,000 in the West; 
1:134,000 in Japan.



ANGELMAN SYNDROME

❖ Ludwig et al J Med Genet 2005. Nationwide study in Germany- 270 
members. 20 / 79 responses- fertility problems (25%, 5% GP). 3 
after ICSI. RR 4.1. Most cases imprinting defects.

❖ Sutcliffe et al Hum Reprod 2006. Sent questionnaires to 384 families; 81 
responses: 75 were sporadic. 3/ 75 (4%) were born to families with 
fertility problems. GP- 5%.

❖ Hiura et al Hum Reprod 2012. No association between AS and IVF/ICSI

❖ Doornbos et al Hum Reprod 2007. 4/63 AS cases born after infertility 
(no IVF/ICSI)- 6.3%.

❖ Total: 5/340 AS children born after IVF/ICSI. Association with 
infertility background, not IVF.



PRADER-WILLI SYNDROME

❖ Severe hypotonia, feeding difficulties, than excessive eating and morbid 
obesity. Cognitive impairment. Prevalence 1:30,000–10,000.

❖ 70% - de novo deletion in the paternal allele. 25% maternal disomy of 
chromosome 15. 3% imprinting defects due to microdeletions or 
epimutations of the imprinting center chromosome 15 
translocations/rearrangements.

❖ Sutcliffe et al Hum Reprod 2006. 169 PWS questionnaires, 2 ICSI, 7 other 
infertility. 5.5%

❖ Doornbos et al Hum Reprod 2007. 12/86 PWS families answering 
questionnaires had infertility, no association with IVF/ICSI.

❖ Hiura et al Hum Reprod 2012. 261 PWS children, 1.5% IVF/ICSI.

❖ Children with PWS are more likely to be born to parents with a 
infertility but there is no association with IVF/ICSI.



RETINOBLASTOMA -FALSE ALARM

❖ RB1 gene, “second hit”. DNA mutation, or 
hypermethylation of the RB1 promoter.

❖ Initial reports (Moll et al. Lancet 2003) RR 5-7. 

❖ Six years later same group (Marees et al Hum Reprod 2009) 

reported a RR of 1.29.

❖ 2012- same group (Dommering et al Fertil Steril)- tumor analysis; 
only DNA mutations, no epimutations.

❖ Highly unlike to be associated with infertility or ART.



Breaking News…..

❖ 242,187 newborn infants: 2603 (1.1%) 
were conceived after IVF; 1721 
(0.7%) were conceived after OI, and 
237,863 (98.3%) were spontaneous.

❖ Spontaneous 0.59/1000 h years
OI 1.0 /1000 h years
IVF  1.5 /1000 years

❖ Very good statistics. All p values 
<<<<<0.05.

❖ “Conclusion: Children conceived 
after fertility treatments are at an 
increased risk for pediatric 
neoplasms.”



Breaking (Fake) News…

❖ Extra 0.9 cases / 1000 human 
years, half of it contributed to 
infertility.

❖ Logarithmic Kaplan Meyer 
curves- 10 -6

❖ “Conclusion: Children conceived after 
fertility treatments have a negligible 
extra risk for pediatric neoplasms.”



Summary

❖ BWS. Eight studies: two studies - no association ; six- positive 
association. The weighted RR  5.2.

❖ SRS. Two studies with low power found no association, two 
other studies that included eight children with SRS after 
IVF/ICSI treatment - positive association. Syndrome too rare 
and difficult to diagnose.

❖ AS/PWS. Association with infertility, not IVF/ICSI.

❖ RB. Example of poor methodology.

❖ Beware of magnifying small numbers using high power 
statistics.


