Journal of Life Science 2015 Vol. 25. No. 6. 703~708

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : http://dx.doi.org/10.5352/JLS.2015.25.6.703

- Note -

Histone Methylation Regulates Retinoic Acid-induced Hoxc Gene Expression in

F9 EC Cells

Hyehyun Min and Myoung Hee Kim*

Department of Anatomy, Embryology Laboratory, Brain Korea 21 Plus project for Medical Science, Yonsei University College of Medicine, Seoul

120-752, Korea

Received December 1, 2014 /Revised March 11, 2015 /Accepted March 12, 2015

Hox genes encode a highly conserved family of homeodomain-containing transcription factors control-
ling vertebrate pattern formation along the anteroposterior body axis during embryogenesis. Retinoic
acid (RA) is a key morphogen in embryogenesis and a critical regulator of both adult and embryonic
cellular activity. Specifically, RA regulates Hox gene expression in mouse- or human-derived embry-
onic carcinoma (EC) cells. Histone modification has been reported to play a pivotal role in the process
of RA-induced gene expression and cell differentiation. As histone modification is thought to play an
essential role in RA-induced Hox gene expression, we examined RA-induced initiation of collinear ex-
pression of Hox genes and the corresponding histone modifications in F9 murine embryonic ter-
atocarcinoma (EC) cells. Hox expression patterns and histone modifications were analyzed by semi-
quantitative RT-PCR, RNA-sequencing, and chromatin immuno-precipitation (ChIP)-PCR analyses. The
Hoxc4 gene (D0) was initiated earlier than the Hoxc5 to -c10 genes (D3) upon RA treatment (day 0
[DO0], day 1 [D1], and day 3 [D3]). The Hox nonexpressing DO sample had a strong repressive marker,
H3K27me3, than the D1 and D3 samples. In the D1 and D3 samples, reduced enrichment of the
H3K27me3 marker was observed in the whole cluster. The active H3K4me3 marker was closely asso-
ciated with the collinear expression of Hoxc genes. Thus, the Hoxc4 gene (D1) and all Hoxc genes (D3)
expressed H3K4me3 upon transcription activation. In conclusion, these data indicated that removing
H3K27me3 and acquiring H3K4me3 regulated RA-induced Hoxc gene collinearity in F9 cells.
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Fig. 1. Expression pattern of Hoxc cluster genes following Retinoic acid (RA) treatment in F9 EC cells by RT-PCR. Mouse F9 EC
cells were cultured with RA for 3 days. Total RNAs were isolated each day from Day 0 (D0), Day 1 (D1) and Day 3 (D3),
and then (A) RT-PCR was performed with each Hoxc primers. Sactin was used as a positive control for amplifiable cDNA.
(B) The RT-PCR results were normalized using the Bactin signal. The data are representative of the three replicate experiments.
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Fig. 2. Expression profiles of Hoxc genes following RA treatment in F9 EC cells by RNA-sequencing (RNA-seq). Total RNAs were
isolated each day from DO and D3 (DO: control cells with no RA treatment). These RNA-seq data were illustrated using
UCSC genome browser. Reference genes are depicted at the lower in blue (Hoxc genes). Sequential expression pattern of
Hoxc cluster genes in RA-untreated (D0) and treated (D3) samples.
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Fig. 3. Histone H3 modifications at Hoxc
loci in mouse F9 EC cells. ChIP
assays were performed with the
indicated histone antibodies on
cross-linked chromatin samples
from the Day 0, Day 1 and Day
3 samples. Immunoprecipitated
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