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Physical	activity,	fitness,	glucose	homeostasis,	and	brain	
morphology	 in	twins

Physical	activity,,	 fitness,	 glucose	homeostasis,	 and	brain	morphology	 in	twinsRottensteiner	et	al..,Med	Sci	Sports	Exerc.	
2015	Mar;47(3):509-18

• 10	fiatal	felnőtt	MZ	ikerpár
• az	utóbbi	3	évben	megváltozott	fizikai	aktivitás

Inaktívabb	iker	tagok	eredményei:
• alacsonyabb	állóképesség
• magasabb	testzsír	százalék
• inzulin	rezisztencia	jelei
• kezdődő	anyagcsere	problémák



Epigenetikai	hatások

ü ontogenesis-anyai hatás
ü táplálkozás,	hidratáció
ü fizikai	aktivitás
ü gyógyszerek
ü mérgek,	dohányzás
ü fertőzés,	sugárzás
ü fény
ü zene
ü stressz
ü magatartási,	lelki,	meditatív	hatások
ü szociális	környezet
ü microbiota	– együttélő mikróbák

Dr	.Falus	András	ábrája	alapján



Többgenerációs	hatás

Li	et	al.	Maternal	and	grandmaternal	smoking	patterns	are	associated	with	early	childhood	asthma.	Chest	2005;127:1232-1241

A	dohányzás	hatására	kialakuló	megnövekedett	asztma-kockázat	a	második	generációban	is	jelen	van.

Nagymama	dohányzik	várandósság	idején

unoka	nagyobb	asztma	kockázat	OR=1.8
(függetlenül	attól	hogy	anyuka	dohányzott	
e	a	terhessége	alatt)

Ha	anyuka	is	dohányzott	 =>	OR=2.6

Dr	.Falus	András	ábrája	alapján



A	transzgenerációs	epigenetikai	öröklődés	alternatív	lehetőségei



Pszichoszociális	tényezők	– stressz	válasz

A	hipotalamusz	- hipofízis	-
mellékvesekéreg	tengely



Anyai	gondoskodás	hatása



Nat Rev Neurosci.	2009	June;	10(6):	446–457.	

A	stressz-érzékenység	epigenetikai	szabályozása



A	glukokortikoid	receptor	segíti	a	stresszválasz	
lecsengését

http://learn.genetics.utah.edu/content/epigenetics/rats/





Neuropsychopharmacology	 Reviews	(2013)	38,	124-137;

Epigenetikai	módosulások	depressziós	agyban



Korai	stressz	és	szociális	védettség	rágcsálókban

• Krónikus	stressz	az első trimeszterben
– a	GR	exon 17 promoter metiláció � a	hypothalamuszban felnőtt hím utódokban1

• Szociális	izolációban
– kortizolszint�,	immunológiai	 fittness �2

• Fizikailag	gazdag	és	inspiráló	környezetben
– szinaptikus plaszticitást	�,	szorongásosság	�,	problémamegoldás	�3

• Védett	és	pozitív	ingerekben	gazdag	környezetben
– cortizolszint és stressz gátolt szociális viselkedés javul4
– javul	az	anyai viselkedés színvonala	is5,6

• Gyermekkori gazdag, inspiratív környezetés	felnőttkori	egészség
– BDNF	csökkenés szintje	csökken,	idősköri tünetek kialakulása	csökken7

1Mueller &	Bale,	T.	L.	(2008) J	Neurosci	28(36),	9055–9065
2Gordon	és	mtsai	(1992)	Physiology	and	Behav	51(3),	467–472.
3Nithianantharajah&	Hannan (2006).	Nat	Rev	Neurosci	7(9),697–709)
4Morley-Fletcher	és	mtsai	(2003)	Eu	J	Neurosci18(12),	3367–3374).
5,6Bredy	és	mtsai	(2003,	2004)	Neurosci,	118(2),	571–576	Eu	J	Neurosci	20(5),	1355–1362
7Hockly	és	mtsai	(2002)	Ann	Neurol	51(2),	235–242 Dr	.Purebl	György	ábrája	alapján



Depresszió	- humán	vizsgálatok

• Anyákmagasabb depresszió pontszámmal a	3. trimeszterben
– GR1F	promoter	metilációs szint�a	köldökzsinórvérben,
– az	első 3	élethónapbankortizol szint�2

• Gyermekkori abúzuson átesett öngyilkosokpost	mortem:
– hippocampalisGR	expresszió,�GR1F	promotermetiláció�2

• Depressziós	állapotban	elhunytakagyában:
– hiszton acetiláció� - csakúgy,	mint	szociálisan alulmaradt egerekében3

1Oberlander és	mtsai (2008).	Epigenetics,	3(2),	97–106
2McGowan	és	mtsai	(2009).	Nat	Neurosci,	12(3),	342–348
3Covington	és	mtsai	(2009)	J	Neurosci	29(37),	11451–11460 Dr	.Purebl	György	ábrája	alapján



Telomérák	és	telomeráz



Egészséges	testi	sejtekben	a	telomérák
osztódásról	osztódásra	rövidülnek



De	vannak	kivételek…



Telomér	hossz	és	életmód	összefüggések
Felgyorsult	sejtszintű	öregedés

• Dohányzás (Weischer	et	al.	2014)
• Elhízás,	inzulin	rezisztencia	(Kim	et.	al,	2009)
• Testmozgás	(Cherkas	et	al.	2006, Mirabello	et.	al.	2009.,	Chilton	2014)
• Omega	3	a	vérben	(Cassidy	et	al.	2010)
• Vitaminok	fogyasztása	(Mirabello	et.	al, 2009)
• Alvásmennyiség (Liang	et	al.	2011,	Jackowska	et	al.	2012)

• Észlelt	stressz	(Epel	et.	al.	2004,	Parks	et.	al.	2009)
• Terhesség	alatti	stressz	(Entringer,	2011)
• Szocioökonómiai	státusz,	SES	(Steptoe	et.	al.	2011)
• Major	depresszió	(Simon	2006,	Wolkowitz	2011)
• PTSD (O’Donovan,	2011)

• Alacsony	telomeráz	szint	összefügg	a	főbb	CVD	rizikófaktorokkal	(Epel	et	al.	2008)
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Krónikus	stressz

Puterman E,	Epel E.	,	Soc Personal Psychol Compass,	2012	 	An	intricate	dance:	Life	experience,	multisystem	resiliency,	and	rate	of	
telomere	decline	throughout	 the	lifespan.



Gyermekkori	bántalmazás



Fizikai	aktivitás

Ludlow AT,	Ludlow LW,	Roth	SM,	BiomedRes	Int	(2013)
Do	telomeres	adapt	to	physiological	stress?	Exploring	the	effect	of	exercise	on	telomere	length	and	telomere-related	proteins.
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Lifang Hou et	al.	(2015)	Blood	Telomere	Length	Attrition	and	Cancer	Development	in	the	
Normative	Aging	Study	Cohort,	Ebiomedicine,	doi:10.1016/j.ebiom.2015.04.008

Genetic	 changes	can	predict	cancer	up	to	13	years	in	the	future,	according	to	new	
research

http://www.telegraph.co.uk/news/11574893/New-test-can-predict-cancer-up-to-13-years-before-disease-
develops.html

Changes	in	chromosomes	 years	before	cancer	diagnosis	could	yield	biomarker	
to	predict	cancer

http://www.northwestern.edu/newscenter/stories/2015/04/telomere-changes-predict-cancer.html
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What	twin	studies	tell	us	about			
(human)	omics

26
Dorret BoomsmamProfessor	of	Biological Psychology at VU	University	Amsterdam



Tim	Spector,	Professor	of	Genetic	Epidemiology	at	Kings	College,	London
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Gene

CpG	Island	
(high	concentration	of	CpG	

sites)

Most	CpG	sites	(>90%)	are	
dispersed	around	the	genome	at	

low	densities.

The	Infinium	HumanMethylation27	
array	targets	promoter	regions

The	Infinium	HumanMethylation450	
array	targets	all	regions

Genome-wide	DNA	methylation	analysis

•Infinium	Human	Methylation27	(HM27)	and	HM450	bead	
arrays
•27,000	CpG	sites,	14,500	genes	or	486000	CpG	sites	– all	
genes
•12	samples	/	array	(~$500	/	sample)

DNA	methylation	platforms	- discovery

Dr	Richard	Saffery, Murdoch	Childrens Research	Institute, University	of	Melbourne
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29Bisulphite sequencing

Illumina 450k
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Twin	studies	of	DNA	methylation
Heritability	of	DNA	methylation	(average	of	genome-wide	CpGs):
• 18	%	in	blood	(Bell	J.T.	et	al	2012	PLoS.	Genet.)	
• 5%	in	placenta,	7%	in	human	umbilical	vascular	endothelial	cells	(HUVEC),	

12%	in	cord-blood	mononuclear	cells	(CBMC)	from	neonatal	twins	(Gordon	L.	et	al	
2012	Genome	Res)

• 19%	in	adipose	tissue	in	adult	female	twins	(Grundberg E.	et	al	2013	AJHGenet.)
• 20%	(also	transgenerational)	in	whole	blood		(McRae	AF	et	al.	2014	Genome	Biol.)
Study	of	buccal cell	DNA:	
• MZ	twin	correlations	for	genome-wide	methylation	in	buccal	cells
• Variation	between	genomic	regions?		(e.g.	CpG islands,	promoters,	gene	bodies	

etc)

31

Dorret BoomsmamProfessor	of	Biological Psychology at VU	University	Amsterdam



CpG	
IslandCGI	Shore CGI	ShoreCGI	Shelf CGI	Shelf

2	kb2	kb 2	kb 2	kb

Non- CGI Non- CGI

Region % of CpGs Mean 
MZ cor

Median 
MZ cor

CGI 17.9% 0.66 0.73
CGI shore 25.1% 0.54 0.55
CGI shelf 10.2% 0.50 0.49
Non-CGI 46.9% 0.49 0.47

CGI=	CpG	Island

32

420,921	CpGs

Illumina 450k

Dorret BoomsmamProfessor	of	Biological Psychology at VU	University	Amsterdam
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eQTL:	Expression	quantitative	trait	loci	are	genomic	loci	that	
regulate	expression	levels	of	mRNAs

Alcohol	Research:	Current	Reviews,	Volume	34,	Issue	Number	3



We	conducted	a	combined	study	of	twin	
heritability	of	expression	and	eQTLs
(N	=	2752	twins	(NTR)	+	N	=	1895	(NESDA) 34

Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam
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Epigenetic	heritability	and	Twins

H2		=	~20%	overall		but	probably	greater	for	key	regulatory	areas	

Bell	&	Spector	TIG	
2011

Tim	Spector,	Professor	 of	Genetic	Epidemiology	at	Kings	College,	 London



Locus	specific	methylation	analysis	in	newborn	twins

• MZ	twins	show	considerable	methylation	variation	within	pairs
• DZ	twins	are	generally	less	similar	in	methylation	profile	c/f	MZ	pairs
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Dr	Richard	Saffery, Murdoch	Childrens Research	Institute, University	of	Melbourne
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Lavinia	Gordon

Genome-wide	methylation	data
- evidence	of	environmental	effects

27,000	data	pointsHighly	variable	within	pairs

Clear	evidence	of	variability	within	MZ	twins

Dr	Richard	Saffery, Murdoch	Childrens Research	Institute, University	of	Melbourne
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Summary
• Variation in DNA methylation in MZ twins at birth highlights 

the importance of non-shared in utero environment in 
specifying neonatal epigenetic profile

• The generally greater epigenetic discordance in DZ twins 
highlights the role of genetic variation in regulating neonatal 
epigenome in humans

• Sites and magnitude of difference vary according to tissue
and gestational age

• Other similar data are emerging

Dr	Richard	Saffery, Murdoch	Childrens Research	Institute, University	of	Melbourne
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All	DNA	sequence	identical	?	
Other	levels	other	‘genomes’	?

• Sequence	itself:	e.g.	telomere	length
• DNA	content	in	mitochondria
• Epigenome
• Transcriptome
• Proteome	
• Metabolome
• Connectome /	node	dynamics;	routing
• Phenome (uni /	multivariate):	cell	/	person	/	group
• Environment	
• Microbiome (a	human	body	 contains	over	10	times	more	microbial	than	human	cells)

39
Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam



Heritability	estimate	in	212	twin-sib	families
Sex,	age,	exercise,	and	BMI		explain	4%	of	the	variance	in	mtDNA	content.	
Genetic	modeling	with	these	covariates	yielded	twin	correlations	
of	0.34	for	MZ	and	0.19	for	DZ/sib	pairs.	Heritability	was	
estimated	at	35%.

J	Clin	Endocrinol	Metab,	2010,	95(4):1909–1915

40
Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam



n r p-value
Siblings 1,553 0.49 3.46*10-96

Monozygotic twins 2,534 0.69 0*

Dizygotic twins 1,940 0.25 2.82*10-30

Spouses (<55) 962 0.20 3.24*10-10

Spouses (>55) 977 0.31 4.27*10-23

Parent offspring n r p-value

Father-son 791 0.34 2.57*10-23

Father-daughter 882 0.33 3.99*10-24

Mother-son 850 0.42 5.06*10-37

Mother-daughter 1,005 0.42 2.99*10-45

Meta-analysis	of	telomere	length	in	19,713	subjects	
Linda	Broer	et	al.	(ENGAGE	consortium)	EJHG,	2013

Heritability	 is	~70%

Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam
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Identification	of	seven	loci	affecting	mean	telomere	
length	and	their	association	with	disease

Veryan	Codd	et	al.	(ENGAGE	consortium) NG,	2013	

ACYP2

TERC

NAF1

OBFC
1 ZNF208 RTEL1

TERT

Twin	registries	supplied		34%	of	samples

Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam
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ScienceTranslationalMedicine.org	21	May	2014	
Microbiomes

43
Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam



• first	row	all	trio’s
• second	row	only	

those	that	are	
concordant	for	mode	
of	birth

• the	third	those	that	
are	concordant	and	
that	are	vaginally	
delivered

(a	trio	=	2	MZ	twins	+	1	spouse)

Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam
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Dorret	Boomsmam	Professor	 of	Biological	 Psychology	at	VU	University	Amsterdam
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Konkordancia:		az	ikerpárok	hány	%-a	azonos	az	adott	tulajdonság	tekintetében.

van Dongen J. et al. (2012) The continuing value of twin studies in the omics era. Nature Reviews Genetics 13: 60–653
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Identical	but	different-
low	concordance	rates	for	common	disease	in	MZ	twins

Tim	Spector,	Professor	of	Genetic	Epidemiology	at	Kings	College,	London



The	case	co-twin	design	using	identical	twins	discordant	for	a	disease	phenotype.	

Qihua	Tan	et	al.	J	Exp	Biol	2015;218:134-139



Summary	of	epigenetic	studies	using	MZ	twin	pairs	discordant	for	disease	or	trait.	

Qihua	Tan	et	al.	J	Exp	Biol	2015;218:134-139



HONNAN	TUDHATÓ,	HOGY	EGY	BETEGSÉG	ÖRÖKLŐDŐ	
VAGY	SEM?

Családi	halmozódás
PROBLÉMÁK	
A	CSALÁDI	HALMOZÓDÁS	
ÉRTÉKELÉSÉBEN

Az	emberek	nemcsak	génjeiket,	hanem	a	
környezetüket is	átadják	gyermekeiknek.

Nehéz	megkülönböztetni	 ezeket.

„memetika”

Örökbefogadottak
vizsgálata

Iker
vizsgálatok

Dr	.Falus	András	ábrája	alapján



Öröklés	vagy	Környezet?

Genetika Epigenetika

Környezet

SNP-k,	
mutációk

CpG metiláció

Tápanyag

Hiszton
modifikációFenotípus

miRNS
ncRNS

Toxinok
Patogének

Drogok

Nature.com Kidney International	79,	23-32	(January (1)	2011)	|	doi:10.1038/ki.2010.335

Régebben:



Genetika	(„hardver”)- epigenetika	(„szoftver”)

• Az	öröklődés	(hajlam)	lényegében	irreverzibilis

• Az	epigenetikai hatások	nagy	része	reverzibilis,			

Dr.	Falus	András	ábrája	alapján

TESTI-LELKI	EGÉSZSÉG





https://www.nasa.gov/content/twins-study



The	Twins Study is	uniquedemonstration research to further NASA’s use of	
personalizedmedicine.

• Research	techniques used in personalized medicine (technologies such as genetic
sequencing)	 are employed to discern individual responses to the spaceflight environment
• Research	from the molecular level to whole body	function to brain function is	being	
integrated together into one,	coordinated study

• 10	individual investigations
• 12	universities
• NASA	biomedical laboratories
• National	Space Biomedical Research	Institute	Consortium

The	Twins	Study	is	multi-faceted	national	cooperation	between	universities,	
corporations,	and	government	laboratory	expertise.



Twins	Study	|	The	Research

1.	Human Physiology
These	investigations	will	look	 at	how	the	spaceflight	environment	may	induce	changes	in	different	organs	
like	the	heart,	muscles	 or	brain.

•Metabolomic	and	Genomic	Markers	of	Atherosclerosis	as	Related	to	Oxidative	Stress,	Inflammation,	
and	Vascular	Function	in	Twin	Astronauts

•Proteomic	Assessment	of	Fluid	Shifts	and	Association	with	Visual	Impairment	and	Intracranial	
Pressure	in	Twin	Astronauts

2.	Behavioral	Health
This	investigation	will	help	characterize	the	effects	spaceflight	may	have	on	perception	and	reasoning,	
decision	making	and	alertness.

•Cognition	onMonozygotic Twin	on	Earth

http://www.nasa.gov/twins-study/reseach



3.	Microbiology/Microbiome
This	investigation	will	explore	the	brothers’	dietary	differences	 and	stressors	 to	find	out	how	both	
affect	the	organisms	in	the	twins’	guts.

•Metagenomic Sequencing	of	theMicrobiome in	GI	Tract	of	Twin	Astronauts

4.	Molecular/Omics
These	investigations	will	look	 at	the	way	genes	in	the	cells	are	turned	on	and	off	as	a	result	of	spaceflight;	
and	how	stressors	 like	radiation,	confinement	 and	microgravity	prompt	changes	in	the	proteins	and	
metabolites	gathered	in	biological	samples	 like	blood,	 saliva,	urine	and	stool.

•Differential	Effects	on Telomeres and Telomerase in	Twin	Astronauts	Associated	With	Spaceflight

•Comprehensive	Whole	Genome	Analysis	of	Differential	Epigenetic	Effects	of	Space	Travel	
onMonozygotic Twins

•Biochemical	Profile:	Homozygous	Twin	control	for	a	12	month	Space	Flight	Exposure

•The	Landscape	of	DNA	and	RNA Methylation Before,	During,	and	After	Human	Space	Travel

•Longitudinal	IntegratedMulti-Omics Analysis	of	the Biomolecular Effects	of	Space	Travel

•Characterizing	Personalized	Changes	in	Baseline	Immune	Abnormalities	and	Stimulated	Immune	
Response	in	the	Presence	of	a	Benign	Trivalent,	Inactivated,	Flu	Vaccination



1.	Functional
These	investigations	will	examine	the	changes	in	crew	member	performance	of	functional	tasks	
after	12	months	in	a	low-gravity	environment: Field	 Test and Functional	 Task	Test.

2.	Behavioral	Health
These investigations	will	examine	psychological	 effects	of	long-duration	 spaceflight	on	crew	members	
by	conducting cognition	tests, neuromapping studies, sleep	monitoring, journaling analyses and	
a reaction	self-test.

3.	Visual	Impairment
These	investigations	will	examine ocular	health and	the	body’s	 response	 to fluid	shifts in	a	weightless	
environment.	This	includes	 examining	techniques	 to	measure intracranial	pressure.

4.	Metabolic
These	investigations	will	examine integrated	immune, salivary	markers, biochemical	
profiles and	 the relationship	 between	biological	markers	of	oxidative	and	inflammatory	stress	and	the	
risk	for	atherosclerosis in	a	long-duration,	weightless	environment.	An integrated	immune	monitoring	
strategyalso	will	be	validated.



5.	Physical	Performance
These	investigations	will	examine	exercise	capability	with	a	focus	on	physical	performance	of	bone,	
muscle	and	the	cardiovascular	system	over	time	in	a	weightless	environment: Sprint	Study and Hip	
QCT	Study.

6.	Microbial
These	investigations	will	examine	changes	in the microbiome of crewmembers.

7.	Human	Factors
These	investigations	will examine	how	astronauts	interact	with	their	environment	 aboard	
the International	Space	Station focusing	 on fine	motor	performance, habitability,	 and training	retention.

http://www.nasa.gov/1ym/research



Értsd,	Csináld,	Szeresd!

Melicher	Dóra	

ügyvezető	
EDUVITAL	NET	Nonprofit	Egészségnevelési	Társaság	

+36	(20)	421	7215	
dora.melicher@eduvital.net	

PhD	hallgató
Molekuláris	Orvostudományok	Doktori	Iskola
SE	Genetikai,	Sejt-és	Immunbiológiai	Tanszék

melicher.dora@med.semmelweis-univ.hu	

Köszönöm	szépen	a	figyelmet!

munkatárs,	kutató
Magyar	Ikrerregiszter
Hungarian	Twin	Registry

www.ikrek.hu


