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Placental maldevelopment causes highly prevalent pregnancy complications, 
which are leading causes of sickness and death of mothers and newborn 
babies. A better understanding of the epigenetic mechanisms that control 
placental development is needed to improve management and treatment 
options for these serious pregnancy complications. In human placenta, a 
syncytialized trophoblast (syncytiotrophoblast) layer forms the primary interface 
between maternal and fetal blood. It performs essential functions to support 
fetal growth and pregnancy success, including transfer of nutrients and gases 
between maternal and fetal blood, and production of hormones vital for 
pregnancy. Syncytiotrophoblast is formed by differentiation and fusion of 
underlying progenitor cells called cytotrophoblasts. Proper cytotrophoblast 
differentiation is crucial to maintain the integrity of the syncytiotrophoblast layer 
throughout pregnancy. Differentiation of cytotrophoblasts into 
syncytiotrophoblast requires precise changes in gene expression, which is 
mediated, in part, by regulating acetylation of lysine residues on core histone 
tails. In turn, changes in histone acetylation are controlled by the actions of 
histone acetyltransferases and histone deacetylases (HDACs). The goal of this 
study was to characterize histone acetylation changes during cytotrophoblast 
differentiation and determine the importance of specific HDACs for this process. 
Human cytotrophoblasts, which spontaneously form syncytiotrophoblast in 
culture, and BeWo cytotrophoblast-like cells, which can be induced to 
differentiate into syncytiotrophoblast by exposure to cyclic adenosine 
monophosphate (cAMP) analogs, were used to assess expression of various 
acetylated histone proteins during cytotrophoblast differentiation. Using western 
blotting, we found that differentiation of primary cytotrophoblasts and BeWo 
cytotrophoblasts was associated with a global decrease in acetylation of 
various histones (H3K9Ac, H3K14Ac, H3K27Ac, H3K18Ac, H2BK5). Chromatin 
immunoprecipitation-sequencing (ChIP-seq) revealed chromosomal regions 
that exhibit dynamic alterations in histone H3 acetylation during BeWo 
cytotrophoblast differentiation. These include regions containing genes 
classically associated with cytotrophoblast differentiation (TEAD4, TP63, OVOL1, 
CGB), as well as near genes with novel regulatory roles in trophoblast 
development and function, such as LHX4 and SYDE1. To identify specific HDACs 
required for cytotrophoblast differentiation, BeWo cytotrophoblasts were 
induced to differentiate in the presence of various selective HDAC inhibitors: 
FK228 (inhibits HDAC1/2), MS275 (inhibits HDAC1/3), LMK235 (inhibits HDAC4/5), 



BRD4354 (inhibits HDAC5/9), CAY10683 (inhibits HDAC2/6), or RGFP966 (inhibits 
HDAC3); and then immunofluorescence for E-cadherin and chorionic 
gonadotropin was used to quantify fused cells. The only HDAC inhibitor that 
inhibited cytotrophoblast differentiation was the HDAC1/HDAC2 inhibitor FK228 
(71% decrease, N=3, P<0.05). FK228 also prevented the differentiation-
associated increase in ERVW-1 (66.9%), ERVFRD-1 (82.6%), OVOL1 (68.6%) CGB 
(51.9%), and HSD11B2 (73.9%; N=4, all P<0.05), as determined by quantitative RT-
PCR. BeWo cytotrophoblasts efficiently differentiated following shRNA-mediated 
knockdown of either HDAC1 or HDAC2, but knockdown of both HDAC1 and 
HDAC2 abrogated cytotrophoblast differentiation (68% decreased compared 
to controls, N=6, P<0.05), indicating that HDAC1 and HDAC2 may have 
compensatory or redundant roles in promoting cytotrophoblast differentiation. 
Our results show that cytotrophoblast differentiation is associated with dynamic 
global and site-specific changes in histone acetylation, and that both HDAC1 
and HDAC2 are critical for this process. These findings reveal new insights into 
epigenetic mechanisms underlying cytotrophoblast fusion during human 
placental development. 

 


