Stress and stress enzymes cause developmental
and homeostatic effects in embryos and stem cells
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What is the significance of this time period?

70% of human embryos are lost and most losses occur soon after implantation (Cross et al,
1994)

Protocols for Human IVF lead to developmentally retarded embryos with fewer cells, of both
ICM and placental lineage, than age-matched embryos in vivo. This is due to stress and is
mediated by stress enzymes (Wang et al 2005, Xie et al, 2006b, Xie et al 2007b).

Maternal malnutrition in animal models occurring only during preimplantation development
leads to blastocysts with significantly fewer cells in the ICM and fewer placental trophoblasts,
and increases in postnatal hypertension (Kwong et al, 2000).

Thus, the developmental responses to stress with regard to potency/differentiation are
important in vitro (in IVF techniques) and in the general population of pregnant women.




In humans progesterone production by the ovary falls off precipitously
about three days after implantation if signals from the conceptus are

not received (Williams Endocrinology)

How can a stressed embryo produce sufficient TSC to differentiate
sufficient placental cells that secrete hormones needed to prevent loss
of the corpus luteum and loss of the conceptus?




In TSC, 70% of apoptosis induced by hyperosmolar
stress is mediated by stress activated protein
kinase/jun kinase (SAPK).
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In TSC, 100% of cell cycle arrest induced by
hyperosmolar stress is SAPKdependent

Zhong et al, 2007.

For embryos many stimuli--hyperosmolar stress,
shear stress, microgravity simulation, or culture N |
media stress-- lead to SAPKkmediated apoptosis SR
and for hyperosmolar and culture media stress, o
decreased brdU.
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MAPK signaling cascades

AMPK signaling

Stress Stress
Stimulus Growth factors Inflammatory Cytokines Growth AMP/
Mitogens Extracellular Growth Factors factors ATP
Yo v Cytoplasmic / ) N
«——\ﬁ.\\’ e
MAPKKK 4 N MLKs TAI(
Raf/BRaf (\\.~\anKKZI:SI///// (\ ASK1 /,, - -

MAPKK  U0126 mell’ MEK1/2 ( mEks ) K MKK3/6 ) -

i R FGF4, CSF1 SP600125 lsorbitol §°"2\p°“"d ¢ sorbltol

l / & TAT-JNKy L
o e
MAPK MAPK/ERK ( ERKS5 ) ( p38MAPK |
S e S f AICAR —>
N N PP A769662

} | \‘ \‘ / TinioaTy ioo o Metformin : Thr712

v \ Nuclear| : 4 il \
Transcriptional Growth Inflammation Glucose uptake
Response Differentiation Apoptosis GchogGeln Sulpp.reSS|0n
—_ Development Growth yeOlysis
Biological Differentiation b Differentiation
Response o

Figure 4




MAPK signaling cascades

AMPK signaling
Stress Stress
Stimulus Growth factors Inflammatory Cytokines Growth AMP/
Mitogens Extracellular Growth Factors factors ATP
v v Cytoplasmlc / ) - LSRR
MAPKKK h;I.Ks TAK
mapkk | uo126 md’ MEKIR2 ( mEks ) K MKK3/6 ) -
i R FGF4, CSF1 SP600125 lsorbitol §°"2\p°“"d ¢ sorbltol
l / & TAT-JNKy L
e B B A - o
MAPK MAPK/ERK ( ERKS5 ) ( p38MAPK |
T A AICAR —>
a - PP A769662
i . \ \ +»Thr1R2/Ter185 | Metformin Thr71 2
* v Nuclear| : s T2 \
Transcriptional Growth Inflammation Glucose uptake
Response Differentiation Apoptosis GchogGeln Sulpp.reSS|0n
—_ Development Growth yeOlysis
SIOIOQICEN Differentiation ‘*0 Differentiation
esponse

Figure 4




Many later

placental cell
lineages
Placental TSC » First differentiated
(implanting embryo) placental cells
b
Hand1/E47 >
Hand11 » PL11
a2

Basic helixloop-helix
transcription factors




Placental TSC

Hand1t

4|

2}

First differentiated
placental cells

\4

Handl1l/E47

» PL11t



Placental TSC

Hand1t

4|

2}

<« | SAPK
Inhibitor

First differentiated
placental cells

Handl1l/E47

\4

» PL11t

Wenjing

Zhong
Grad student




