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Reproduktivt Helbred

en livslang proces

Hvornar starter den reproduktive periode ?

Hos mennesket ?
I puberteten? Nar man er 20 ar? Fgr eller senere?

Svaret er lige efter fgdslen.




Reproduktivt Helbred

en livslang proces

Fadsel

Reproduktionen starter i fostertilvaerelsen

Fotal Neonatal Pubertet Voksenliv




Reproduktivt Helbred

en livslang proces

Nar testikeludviklingen i fostertilveerelsen gar galt —
har det konsekvenser resten af livet:

« Kryptorkisme

« Hypospadi

« Nedsat testosteron dannelse

« Kort Anogenital Distance (AGD)

« Darlig saedkvalitet

+ Testikelkraeft




Scandinavian incidence in
Testicular Cancer
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Risiko for Testikelkraeft
fodselskohorte effekt

Relative Risk
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GCNIS In adult testis

Arrested fetal gonocytes




GCNIS In adult testis

Arrested fetal gonocytes
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Fetal germ cells Fetal Leydig cells

Environmental Lifestyle
exposure factors
Genetic defects and Epigenetic
polymorphisms factors

Testicular dysgenesis
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Reduced male fecundity influencing pregnancy rates

Skakkebaek NE, Rajpert-De Meyts E, Buck Louis GM..., Juul A.
Male Reproductive Disorders and Fertility Trends: Influences of Environment and Genetic Susceptibility.
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Physiol Rev 2016, 96(1):55-97
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Hyppigheden af kryptorkisme

Difference in prevalence of congenital cryptorchidism in infants

between two Nordic countries

K A Boisen, M Kaleva, K M Main, H E Virtanen, A-M Haavis
M Reunanen, N E Skakkebaek, J Toppari

Summary

Background Several investigators have shown striking
differences in semen quality and testicular cancer rate
between Denmark and Finland. Since maldescent of the
testis is a shared risk factor for these conditions we
undertook a joint prospective study for the prevalence o
congenital cryptorchidism.

Methods 1068 Danish (1997-2001) and 1494 Finnish boys
(1997-99) were consecutively recruited prenatally. We alsc
established prevalence data for all newborns at Turk
University Central Hospital, Finland (1997-99, n=5798)
Testicular position was assessed by a standardisec
technique. All subtypes of congenital cryptorchidism were
included, but retractile testes were considered normal.
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Hypospadi

Hyppighed i forskellige populationsstudier
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Hypospadier

Forekomst i Danmark

0:555 ——Observed prevalence (%) ~~~ Trend

Prevalence of hypospadia (%)
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Fetal germ cells Fetal Leydig cells

Environmental Lifestyle
exposure factors
Genetic defects and Epigenetic
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Reduced male fecundity influencing pregnancy rates

Skakkebaek NE, Rajpert-De Meyts E, Buck Louis GM..., Juul A.
Male Reproductive Disorders and Fertility Trends: Influences of Environment and Genetic Susceptibility.
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Physiol Rev 2016, 96(1):55-97



Faldende saedkvalitet
worldwide
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Endocrine Disruptors

Fetal germ cells Fetal Leydig cells
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Reduced male fecundity influencing pregnancy rates
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Serum Testosteron falder
Fagdselskohorte effekter i USA, DK, FIN
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Endocrine Disruptors
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Konklusion

Reproduktion er programmeret | fostertilvaerelsen

Mandlige reproduktive sygdomme i stigning

Skyldes aendringer | miljg og livsstil




Konklusion
Reproduktion er programmeret i fostertilstanden
Mandlige reproduktive sygdomme i stigning

Skyldes aendringer | miljg og livsstil

Hvordan undersgger vi om det er rigtigt?




Konklusion

Reproduktion er programmeret i fostertilstanden
Mandlige reproduktive sygdomme i stigning
Skyldes aendringer | miljg og livsstil

Hvordan undersgger vi om det er rigtigt?

Tre eksempler
« Timetrend studiet

 DISRUPT
* Minipubertet studiet




CeHoS-EDMaRC projekt

“Undersogelse af aendringer over tid i graden og
C E H O S monstret af eksponering for phthalater,
bisphenoler og andre phenoler”
Va %4
Timetrend studiet

Hanne Frederiksen

Afdeling for Vaekst og Reproduktion, Rigshospitalet

Center for Hormonforstyrrende Stoffer, Informationsdag




Formal

« at undersgge befolkningens eksponeringsmgnster
phthalater og bisphenol A (BPA), samt for nye
substitutter for disse stoffer

 gendringer i eksponeringsmgnstret ?

Studie design
* 300 unge danske maand fra den generelle befolkning

* Urinprgver indsamlet i 2009, 2013 og 2017
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Phthalate diesters and phthalate substitutes and their metabolites

Phthalate diester

Phthalates

Di-methyl phthalate DMP
Di-ethyl phthalate DEP
Di-iso-propyl phthalate DiPrP
Di-n-propyl phthalate DPrP
Di-iso-butyl phthalate DiBP
Di-n-butyl phthalate DnBP
Butylbenzyl phthalate BBzP
Di-n-pentyl phthalate DnPeP

Di-(2-ethyl-hexyl) phthalate =~ DEHP

Human urine metabolite

Mono-methyl phthalate

Mono-ethyl phthalate

Mono-iso-propyl phthalate

Mono-propyl phthalate

Mono-iso-butyl phthalate

Mono-n-butyl phthalate
Mono-(3-hydroxybutyl) phthalate
Mono-benzyl phthalate

Mono-n-pentyl phthalate
Mono-(4-hydroxypentyl) phthalate
Mono-(2-ethyl-hexyl) phthalate
Mono-(2-ethyl-5-hydroxyhexyl) phthalate
Mono- (2-ethyl-5-oxohexyl) phthalate
Mono-(2-ethyl-5-carboxypentyl) phthalate
Mono-(2-carboxymethyl-hexyl) phthalate

Abbreviation

MMP
MEP
MiPrP
MPrP
MiBP
MnBP
MHBP
MBzP
MnPeP
MHPeP
MEHP
MEHHP
MEOHP
MECPP
MCMHP

DnH Mono-n-hexyl

32 metabolitter:fra:15 phthalater

Di-cyclohexyl phthalate DCHP  Mono-cyclohexyl phthalate MCHP

Di-n-heptyl phthalate DnHpP Mono-n-hep, late MHpP
Mono—(G—hyﬁHyl) phthalate MHHpP
Mono-(6-carbox I) phthalate MCHxP

6 metabolitter fra 2 phthalat
substitutter:(DINCH.og DEHTP)

Di-iso-decylphthalate DIDP ~ Mona=iso-decyl phthalate MiDP
Mono-(9-hydroxydecyl) phthalate MHIDP
Mono-(9-oxodecyl) phthalate MOIDP
Mono-(9-carboxynonyl) phthalate MCINP

Phthalate substitutes

Di-2-ethylhexyl terephthalate DEHTP Mono-(2-ethyl-5-hydroxy-hexyl) terephthalate MEHHTP
Mono-(2-ethyl-5-oxo-hexyl) terephthalate MEOHTP
Mono-(2-ethyl-5-caboxyl-pentyl) terephthalate MECPTP
Mono-(2-caboxyl-methyl-hexyl) terephthalate MCMHTP

Dl—lso—nonyl—cycIohexane—l,Z— DINCH Cyclohexane-1,2-dicarboxylate-mono-(hydroxyl-iso- MHINCH

dicarboxylate nonyl) ester
Cyclohexane-1,2-dicarboxylate-mono-(carboxy-iso- MCiOCH

octyl) ester
* MCPP is the major metabolite of DnOP but are not specific for DnOP
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Osmolality adjusted urinary concentration (ng/mL)
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Frederiksen et al, 2019, in press

*REACH (Regulation concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals),

**SVHC substance (Substance of very high concern)
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Endocrine Disruption of
Male Reproduction and Child Health

Changes in urinary excretion of phthalates, phthalate substitutes, bisphenols and other
polychlorinated and phenolic substances in young Danish men; 2009-2017

Hanne Frederiksen®?*, Ole Nielsen?, Holger M. Koch®, Niels E. Skakkebaek®P, Anders Juul®P,
Niels Jorgensen®?, Anna-Maria Andersson ®°

2 Department of Growth and Reproduction, Rigshospitalet, University of Copenhagen, Denmark

? [nternational Center for R h and Research Training in Endocrine Disruption of Male Reproduction and Child Health (EDMaRC), Rigshospitalet, University of Copenhagen, Denmark

¢ Institute for Pr and O« ional Medicine of the German Social Accident Insurance, Institute of the Ruhr, University Bochum (IPA), Bochum, Germany

ARTICLE INFO ABSTRACT

Keywords During the past two decades human exposure to bisphenol A (BPA) and phthalates such as di-iso-butyl phthalate
endocrine disruptor (DiBP), di-n-butyl phthalate (DnBP), butylbenzyl phthalate (BBzP) and di-(2-ethyl-hexyl) phthalate (DEHP) has
human biomonitoring received substantial interest due to widespread population exposures and potential endocrine disrupting effects.
phthalate Therefore, these chemicals have gradually been restricted and phased out through legislation. However, humans
DINCH are still exposed to a wide range of other less studied phthalates, phthalate substitutes and BPA analogues as

di-2-ethylhexyl terephthalate (DEHTP)

bl well as other polychlorinated and phenolie substances. In this study, we investigated human exposure to these
pheno.

chemicals over the past decade. Three hundred urine samples collected in 2009, 2013 and 2017 (100 samples
each year) from young Danish men of the general population, participating in a large on-going cross-sectional = Ve I ux FOI’ldene

o - Lundbeck Fonden
- Augustinus Fonden
- Svend Andersens Fond




N I H )Natiunal Institutes
of Health
NIH projekt

“Er hormonforstyrrende stoffer hojere hos gravide
kvinder hvis spnner udvikler testikelkraeft ?”

DISRUPT

Elvira Braiuiner, Cecilie Uldbjerg, Anders Juul

Afdeling for Vaekst og Reproduktion, Rigshospitalet
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Study (Year): Maternal samples Hazard Ratio HR 95%-Cl Weight

Cohn (2010): p,p'-DDT —— 0.70 [0.28; 1.76] 3.2%
Cohn (2010): p,p'-DDE —a i 0.19 [0.05; 0.75] 1.7%
Cohn (2010): 0,p'-DDT —a— 0.77 [0.41; 1.46] 5.2%
Hardell (2003): HCB ——— 440 [1.66;11.69] 3.0%
Hardell (2003): p,p'-DDT 1.30 [0.53; 3.18] 3.4%
Hardell (2003): cis-Heptachlordane . 210 [0.84; 5.25] 3.3%
Hardell (2003): cis-Chlordane — 250 [1.01; 6.21] 3.3%
Hardell (2003): Oxychlordane ] 2.60 [0.93; 7.30] 2.7%
Hardell (2003): MC6 1.30 [0.51; 3.29] 3.2%
Hardell (2003): trans-Nonachlordane —— 410 [1.51;11.10] 2.9%
Hardell (2003): cis-Nonachlordane — 3.10 [1.22; 7.90] 3.2%
Hardell (2004): PCB 74 — 3.00 [1.19; 7.55] 3.2%
Hardell (2004): PCB 99 —— 240 [1.01; 5.73] 3.5%
Hardell (2004): PCB 114 1.70 [0.69; 4.16] 3.4%
Hardell (2004): PCB 105 1.80 [0.73; 4.46] 3.3%
Hardell (2004): PCB 153 2.70 [1.09; 6.71] 3.3%
Hardell (2004): PCB 138 — 2.80 [1.10; 7.11] 3.2%
Hardell (2004): PCB 128/167 —'— 3.80 [1.49; 9.71] 3.2%
Hardell (2004): PCB 156 —— 3.80 [1.43;10.11] 3.0%
Hardell (2004): PCB 178 — 290 [1.10; 7.67] 3.0%
Hardell (2004): PCB 182/187 T—%— 2.30 [0.91; 5.84] 3.2%
Hardell (2004): PCB 183 - 2.50 [1.00; 6.22] 3.3%
Hardell (2004): PCB 174 T 2.00 [0.80; 5.00] 3.3%
Hardell (2004): PCB 177 —8— 2.00 [0.80; 5.00] 3.3%
Hardell (2004): PCB 180 —— 2.50 [1.00; 6.27] 3.2%
Hardell (2004): PCB 170/190 — 3.10 [1.19; 8.10] 3.0%
Hardell (2004): PCB 189 — 3.30 [1.30; 8.39] 3.2%
Hardell (2004): PCB 208 — 340 [1.32; 8.74] 3.1%
Hardell (2004): PCB 207 — 3.00 [1.20; 7.50] 3.3%
Hardell (2004): PCB 209 ——'—— 1.40 [0.59; 3.33] 3.5%
Hardell (2006): PBDE 47/99/153 250 [1.02; 6.12] 3.4%
Random effects model : : IO : 2.16 [1.78; 2.62] 100.0%

Heterogeneity: 1> =31%, p =0.06
0.1 051 2 10

Konklusion: Hgjere eksponering af mgdre til EDC
associeret med hgijere risiko for testikelkraeft — fa studier

REGION

Bratner et al, JCEM 2021, in press




DISRUPT — et unikt dansk studium

Prgver indsamlet _ _
15t trimester N I H National Institutes
N=128,702 graviditeter of Health

1976-96

Mdling af hormonforstyrrende
Amnion vaeske (fostervand)
*Serum (fra gravide madre)

*Dried heel-blood (son)

2019
194 Cases: sgnner med testikelkraeft
Kontroller: 5:1

Fgrste resultater
2022

National Institute of Health — 04/15/20- 2020-04/14/2022 Funding USD 867.000
Project Title: Prenatal Exposure to Endocrine Disrupting Chemicals and Risk of Testicular
Cancer (DISRUPT). NoA: 1 R0O1 CA236816-01A1 PI: Juul, Anders




EDMaRC projekt COPENHAGEN
mipuberty Stu
Hvad regulerer hormonerne i minipuberteten? SRR

The COPENHAGEN minipuberty study
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Metoder

* Longitudinel, observational studie (16 —'19)
» 233 nyfadte til termin

* 6undersagelserii. levedr
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COPENHAGEN
Minipuberty Study
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Results

Boys and girls with distinct growth patterns

Length (cm)
Length (cm)

Length velocity (cm/month)

Length velocity (cm/month)

Age (months) Age (months)
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Rigshospitalet VAEKST (“1 REPRODUKTION
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CeHoS
/

> ) Clin Endocrinol Metab. 2020 Sep 1;105(9):2996-3004. doi: 10.1210/clinem/dgaa393.

Anogenital Distance in Healthy Infants: Method-,
Age- and Sex-related Reference Ranges

Margit Bistrup Fischer ' 2, Marie Lindhardt Ljubicic ! 2, Casper P Hagen ' 2, Ajay Thankamony *
, Ken Ong >4 leuan Hughes 3 Tina Kold Jensen 2 2, Katharina M Main ' 2, Jergen Holm Petersen

’ Alexander S Busch ' 2, Emmie N Upners T2 Sheela Sathyanarayana 8 9 Shanna H Swan '@
Anders Juul 1 2

Fischer et al. JCEM. 2020
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Anogenital distance — COPENHAGEN Minipuberty Cohort
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Rigshospitalet VAEKST (\‘1 REPRODUKTION

Pavirker eksponering til
hormonforstyrrende stoffer (barn, mor,
far (TRIO) hhv AGD, penis, testikel,
hormoner, vaekst ....?

Fagrste resultater dec 2021...
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Tak for bgrnene og deres familier
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Konklusion

Alle danskere er eksponeret til tusindvis af
hormonforstyrrende stoffer, som har skadelige
effekter i dyrestudier

Seerligt gravide og bagrn bgr beskyttes mod de
vaerste stoffer — som kan have livslange skadelige
konsekvenser




