Estimating minimum BMP4 exposure time needed to prime human pluripotent stem cell

differentiation to trophoblast
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Diseases of pregnancy, such as preeclampsia, are believed to
be caused by trophoblast dysfunction and a partial failure of
the trophoblast to interact properly with the maternal
system. However practical and ethical considerations prevent
the early stages of pregnancy and hence such diseases to be
investigated. Human embryonic stem cells (hESCs) can be
coaxed to differentiate into placental trophoblast cells
resembling those in early pregnancy by using a protocol
(BAP) that involves the addition of Bone Morphogenetic
Protein 4 (BMP4), along with inhibitors of Activin/Nodal (A83)

and FGF2 (PD). | o |
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After set amount of time, the BMP4 was removed from the medium.
Collected medium on days 5, 6, and 7 to run human chorionic
gonadotropin ELISAs. Took images of the cells on days 5, 6, and 7.
Collected DNA for normalization on day 7.
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control sample. However, 24 and 48 hour samples showed
almost undetectable or clearly reduced syncytialization.
Because multinucleated syncytiotrophoblasts secret major

B: BMP4 K=l

A: A83-01 (ACTIVIN/NODAL signaling inhibitor) K

P: PD173074 (FGF signaling inhibitor) i
ESCd < 40 pym Fraction

mononucleated cells

a primary villous development, b primitive STB, ¢ primitive CTB, d blood filled lacunae.

From James et al, 2012 amount of pregnancy hormones, such morphological
differences are consistent with hCG production amounts (in
Research Question and Design the graph below).
Here, our goal has been to determine the minimum length of Human Chorionic Gonadotropin ELISA
time hESCs must be exposed to the BMP4, A83, or PD hCG miumi) from H1ESC of different BAP exposure times
components of the BAP protocol to provide complete 24000
differentiation to functional trophoblast, providing insight into
the process of trophoblast differentiation. Previous publication 200 Conclusions and Further Testing
from Roberts lab indicated continuous addition of BMP4 is —
optional to have trophoblast differentiation, however, a 16000 Although our ability to conduct the .hormone assays has been
orecise minimum time has not been determined yet. . interrupted by COVID19, the emgrgmg appearance qf tf.\e.cells.
The BAP protocol involves the addition of of Bone exposed to BMP4 for as short a time a§ .6 hours was indistinguishable
Morphogenetic Protein 4 (BMP4), along with inhibitors of 2000 from the control .held.u.nde.r BAP conditions for 7 days. Colony
Activin/Nodal (A83) and FGF2 (PD) to hESCs every 24 hours. expa.n5|o.n, :fm e.pltheI|0|d-I|ke morphology tg the c.eIIs, and colony
This procedure has been manipulated to fit our research 4000 .ruﬁflerg (|Qd|cat|ve of areas beginning syncytialization) wgre
question. The protocol has been developed using the findings i . . indistinguishable between treatments, as shown by the images above.
of Amita et al 2013 PNAS. 0 e i ——— ] — These outcomes suggest, but do not prove, that a BMP4 exposure of
Dzaghf’ nghf’ D732Vh5 Dgﬁ Dzath nghG D%,G DSB;IG Dzazh7 D4agh7 D7azyh7 Dg¥|7 only 6 hours is sufficient to prime the hESC for differentiation to
s 220 | |rer2 ——ror2 trophoblast.
5 ’ gi: — > The graph above shows the ELISA run on human chorionic Further strengthening of this hypothesis is expected to come from the
5 = gonadotropin in the collected medium of the experiment. hormone measurements conducted on the media samples and
g @ Overall, the 72 hour sample shows even more hCG production accurate assessment of colony areas. In the future, we plan to do an
0oz, @ H than the control on days 5, 6, and 7. immunohistochemical analysis for trophoblast markers (KRT7, HLA-G),
T e T to find colony growth rates, and to do RNA extraction at different days
0 i e e St S o e s e e Rl A e 1 AR A R P Mook ki Secondar )4 Ex per iIment and Results to assess marker gene expression by qPCR.

Preliminary Experiment and Results As seen above, the 48h BAP treatment was necessary to lead

equivalent differentiation without supplementation of inhibitors, Summary

The BAP medi laced with control medi : : . . .
theeBMPérlanc!chj)rrntvr\:zsAr;; 2;2 t\;]vel PDC;)Zt rdoiffr:rzr::?nslei drl:\:innus A83 and PD. Next we tested an idea that if the two inhibitors are Human embryonic stem cells (hESCs) can be coaxed to differentiate
5 seven-da cult’ure erio’d The hESC were cultured under BAPg maintained, the BMP4 treatment time can be shortened further. into placental trophoblast cells resembling those in early pregnancy
y P ' The BAP medium was replaced with control medium (i.e. minus by using a protocol (BAP) that involves the addition of Bone
conditions for either 24 h, 48 h, 72 h, or for the full seven days : . TN y 54P
(control 1). After each set, erio’d thé edium was switchedx’zo the BMP4 factor, but still containing the two inhibitors) at Morphogenetic Protein 4 (BMP4), along with inhibitors of
simply hES.C nedium. The preri’ment was run in triplicate, i.e different times during a sgyen-day C.U ture period. The hESC were Activin/Nodal (A83) and FGF2 (PD). This protocol was manipulated to
three culture wells ér treatment condition. Medium was » =" || cultured under BAP conditions for either 6 h, 12 h, 24 h, or for allow us to determine the minimum length of time hESCs must be
collected on days 5p6 and 7 in order to asséss the production the fuII.seven days (co.ntrol 1). After each set period, the medium exposed to the different components of the BAP protocol. By keeping
of oreenanc horm’on’es Additionallv. imaces were taken o was switched to contain A83 and PD, and no BMP4. The two inhibitors in cultures, cells with BAP for 24 h, 12 h and even 6 h
thepse ila . y | Y, Imas experiment was run in triplicate, i.e. three culture wells per showed similar morphological changes and syncytialization to the. It
v treatment condition. Medium was collected on days 5,6, and 7 in | | seems that 6 hours of BMP4 exposure is sufficient to drive the
Racass EXT TS order to assess the production of pregnancy hormones differentiation, but further testing will confirm this finding.
SEPS— o Emmasss® | (progesterone and human chorionic gonadotropin) as the cells
B:I)D( _%4 Htour , s ,,.",, w2 3X 72 Hour BAP i . .. ,,",,. =% | | differentiated. We also collected photomicrographic images of Fundmg Resources
reatmen .
3x 48 Hour BAP Ireatment 3x7 Day Control the cells O.n these same days These data were Compared with Pluripotent human stem cells as models for normal and abnormal trophoblast at implantation
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