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Ovarian hormones induce secretion of histotroph
to create an optimal environment for embryonic development.
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Transcriptomics of the cyclic endometrium

Clusters of similar expression profiles
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Clusters of similar expression profiles

Self-organizing tree algorithm
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Maternal reaction during early pregnancy

Embryo induces...

... altered endometrial transcriptome (RNA-seq)

Bauersachs et al (2006) Reproduction

... increased local prostaglandins and —
m eta bo I Ites (LC'MS/MS) Ulbrich et al (2009) Reproduction

12 15

days after estrus
... altered endometrial proteome and

histotroph composition (nano-Lc-Ms/MS und SRM)

Grobner et al (2012) Reproduction
Forde et al (2014) Reproduction

Interferon-t

= 104 p<0.001 c
- 103 7 . .
2 1o b ... altered miRNA of extracellular vesicles of
) N .
E 18; . % the hIStOtroph (RNA_Seq) Burns et al. (2014) PLoS ONE
L o1l 77
12 15 18

days after estrus Grébner et al. (2010)
Placenta
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Conclusion |

Endometrial function during preimplantation

Endometrial changes are dynamic

Functional genomics give most valuable insights to endometrial dynamics,
and specified validations can substantiate functional conclusions

A plethora of descriptive data can not distinguish drivers from free-riders of
downstream events

Embryo-maternal communication is intensively taking place
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Maternal reaction to cloned embryos

Cloned pregnancies are often associated with the
large off spring syndrome voung (1998) Rev Reprod

Symptoms
Dysfunction of the placenta, fewer number of enlarged placentomes....

The endometrium responds differently to cloned
versus fertilized embryos
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Maternal reaction to cloned embryos

Embryo induces...

...altered endometrial transcriptome (RNA-seq)
Bauersachs et al (2009) PNAS

...decreased local prostaglandins and —

meta bohtes (LC-MS/MS) Ulbrich et al (in preparation)

days after estrus ...altered endometrial histotroph
com pOSItIOh (LC‘MS/MS) Grobner et al (2011) Cell Reprogramming
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Conclusion |l

Evidence of biological communication

Biological communication is necessary for reciprocal benefit.
The endometrium senses the signaling of the embryo and adapts.

The embryo senses the maternal environment and adapts
by undertaking compensatory responses.
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10

Thrifty-phenotype hypothesis Rl ance

type 2 diabetes,

7.5 .
metabolic syndrome

An unfavourable intrauterine supply influences
the metabolic and endocrine constellation of the
fetus leading to reduced birth weight which
favours survival under detrimental nutritional
conditions after birth.

Odds ratio

Hales & Barker 1993 55 65 75 -85 -95 >95
Birthweight

Hales & Barker, Br Med Bull 2001

Predictive adaptive response hypothesis

The degree of mismatch between the pre- and postnatal environments
determines the forthcoming disposition for subsequent diseases.

Gluckman and Hanson, 2004
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Maternal dietary restriction

Decraased insulin concenrations in blood

Increased blood pressure (;.7)

[lncnmd body waight ()
Altered behaviour ()

Decreased amino acld concentrations

in uterine luminal fluid
!

Low protein intake during preimplantation embryo development (Emb-LPD)

Fleming et al (2015)
Reproduction, Fertility and Development
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Epigenetic code
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Epigenetic gene regulation

Embryo (and somatic cells)

Epigenetic programming

DNA methylation

H3K27 methylation

H3K4 methylation

Oocyte

Sperm

..

Developmental genes

e

Zygote : Morula Blastocyst
: Inner ;
ceII mass

Adult

Germcells

Reik 2007
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Mechanistic establishment of epigenetic modifications

Consequences of perturbed uterine environment — periconceptional programming

‘mod remodeler
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Endocrine disruptors

Endocrine disrupting chemicals interfere with endocrine signaling systems in

the body, even at doses previously considered safe
Colborn et al (1993)
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Endocrine disruptors

Susanne E Ulbrich

Different dose-response curves such as non-monotonic behavior (“U-shaped curve”) may

lead to low dose effects

A

RESPONSE

100

“safe” dose

T T
Safety factors

MTD (Maximum tolerance dose)

P
7
¥
" 4
/ «— L0AEL
RUgE Vandenberg et al., 2012
> Endocrine Reviews

DOSE

Sensitive time window of exposure - In utero, postnatal development, puberty

Programming — Period of latency, observed effects appear later in life
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Estradiol-17f3 - an endocrine disruptor?

Estradiol-17f3 Most potent naturally acting estrogen

Oral food contamination

Oral contraceptives during early
pregnancy

Pig as model organism
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Which dose?

Safety values, occurrence and residues of Estradiol-17f3

Maternal oral low-dose E,

10° [ ¢
during pregnancy in pigs

101

102 1-20 mg E, per implantation site

1 mg E, daily: mg E, daily — effect (high) dose
metabolic stabilization during menopause

25 pg EE, (¥0.5 mg E,) daily:
contraceptive dose

102 I mg | 1mgE, daily - effect level

300pg E, daily - no effect level (NOEL) ug E, daily pg - NOEL dose

106 | U8 3 ug E, acceptable daily intake (ADI) secra1999 {55100 ng EE, (1 pg E,) daily:
stimulation of growth in ng E, daily - ADI dose
young Turner Syndrom females

~200ng/g placenta at term

caviar

10°fng  ~ingE,in 250 g beef beer (E, equivalents)
eggs
milk

1012 f pg <10 pgEE,in 1 Ldrinking water

surface water?

1015 | fg
control
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Direct effect of oral estrogen exposure
Elimination kinetics of estradiol-17f3
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Direct Effect — Programming

Conception

10 Days |:>

Birth Puberty

Estradiol-17B treatment
during gestation

Long term in utero exposure effect
on offspring

v v

9 weeks 1year

In utero exposure effect
on embryos

Phenotype
Weight development,
Body composition (DEXA)
Bone density (qCT)

Furst et al (2012) Tox Appl Pharm, 263 3 338-44
Pistek et al (2013) JSBMB, 138 435-44
Floter et al (2015), under revision

Hormone state (plasma, endometrium, uterine fluid)
ELISA, LC-MS/MS

Differential gene expression (endometrium/conceptus)
RNAseq
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Oral Effects of estrogen exposure

Differential endometrial gene
expression (RNA-Seq) Pistek ot al.

In preparation

Estradiol-17f3

Dose-dependent and sex-specific
differential gene expression in early
embryos (RNA-Seq)

Floter et al.
In preparation

Metabolic phenotype —
Increase in subcutaneous fat tissue in
prepubertal male offspring (pxa)

Farst et al. (2012)
Toxicol Appl Pharmacol

Growth effects —
Altered bone density parameters in
prepubertal and adult offspring (qcT)

Floter et al.
Under revision



Direct effect of oral estroges
Sex steroid hormones and metabolites at day 10 of pregnancy

£H; OH

estradiol sulfate
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0

Total Estrogens

Estradiol-17{) 2 i
(Estradiol-17, Estradiol-17«a, Estron)

Conjugated Estradiol-175

(Estradiol-17§, Estradiol-17 «, Estron)

Conjugated Total Estrogens

Plasma

[pa/mi] [pg/mL] (pg/mL] [pg/mL]
Control 195+3.2 253428 499451 9554335
ADI 219+54 30450 51.1+1.7 1096+ 24.9
NOEL 2552148 C 719:2239°¢ 367.7+35.7* 3'503.3:449.2% |
High 67.2+73°* 4195+ 80.8 * 18'005.8 £ 4706.2 * 222°798.4 £+ 5'1803.5 *
Bile [ng/m] (ng/mL] ing/mL] [ng/mL]
Control 02008 0.7£0.3 2520.7 2042380
ADI 0.2+01 1.3+08 28207 173236
NOEL 26+21 34.1:305° 27.0:99° 453.0+160.1°
High | 488.6 £431.9* 2°188.5 + 1400.4 * 1'992.8 + 1083 * 8'432.0 + 1'568.0 *
Endometrium [og/mi] (og/mL) (pg/mi] (og/m]
Control 1112242 153.5+£11.9 13582 16.0 90.5 £+ 14.7
ADI 100.2:24.0 1808+376 98.0 + 14.0 735168
NOEL 194.8 £ 56.5 [ 8812:2516° | 2144535 [ 8346%168.2°
High | 3'056.5 +830.5* 24'657.2 £ 9'556.7 * 2'951.2+1'149.2 ¢ 9'497.6+2'178.1*
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Direct effect of oral estrogens
RNA-Seq of endometrium at day 10 of pregnancy

Endometrial mMRNA
[# of differentially expressed genes]

Downlegulatedigenes Upiegulated@enes

ADI vs.&trl

3 6
= NOELRs.Etrl
= Highf¥s.trl
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Direct effect of oral estrogens : ~
RNA-Seq of single embryos at day 10 of pregnancy SN

Embryonic mRNA
[# of differentially expressed genes]

Downlegulated®enes Upiegulated®enes
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Direct effect of oral estrogens .
RNA-Seq of single embryos at day 10 of pregnancy N

Embryonic mRNA
[# of differentially expressed genes]

Down regulated@enes UpiRegulated@enes

Ctrl.
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Effect of developmental stage
RNA-Seq of single sexed embryos at day 8, 10, 12 of pregnancy

Sex Female Male
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Conclusion Il

Consequence of adaptive signaling and responding

Genetic, epigenetic, or environmental cues may alter biological communication
Developing embryos are highly susceptible to the impact of exogenous stressors

Flexibility of communication may determine maternal effects on postnatal
development
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Mechanistic establishment of epigenetic modifications

Consequences of programmed uterine environment

‘mod remodeler




Conclusion

Endometrial function is dynamic.
Endometrial fingerprint resembles embryo characteristics.
Uterine environment may critically impact on embryonic

development.

Low dose matters - Reconsideration of effect levels based on
an epigenetic perspective is required.
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