I ——— CELL CYCLE NEWS & VIEWS
Cell Cycle 13:23, 3625-3626; December 1, 2014; © 2014 Taylor & Francis Group, LLC

Regulating Pol lll transcription to change Pol I

transcriptome

Commentary to: Agarwal P, et al. Cell Cycle 2014;
http://dx.doi.org/10.4161/15384101.2014.967094

Kenji Ichiyanagi*; Division of Epigenomics and Development; Medical Institute of Bioregulation; Kyushu University; Higashiku, Fukuoka, Japan;

Keywords: Alu, CGGBP1, growth stimulation, global transcription, heat shock response, non-coding RNA, SINE, trans regulation; *Correspondence to: Kenji Ichiya-
nagi; Email: ichiyanagi@bioreg.kyushu-u.ac.jp; htep://dx.doi.org/10.4161/15384101.2014.980704

The human genome harbors more than a
million copies of Alu, a member of retrotrans-
posons called short interspersed nuclear ele-
ments (SINEs)." Alu is about 300 bp in length
and originated from 7SL RNA, an RNA poly-
merase lll (Pol lll) transcript involved in protein
transport. Accordingly, Alu is also transcribed
by Pol lll. However, most Alu copies are not
occupied by the Pol Il subunits,> and the Alu
RNA level is much lower than other Pol lll tran-
scripts, such as 7SL RNA, tRNAs, and 5S rRNA.
Mutations in Alu copies, genomic position
effects, and epigenetic silencing are thought
to account for the limited Alu transcription,
but the whole picture remains obscure.? Inter-
estingly, Alu RNA directly binds to Pol Il and
inhibits transcription of many protein-coding
genes.* Moreover, under the heat-shock con-
dition, Alu transcription is upregulated while
many Pol Il genes are repressed, suggesting a
role of Alu RNA in the heat-shock-induced
global decrease in the Pol Il activity.*

Transition between quiescence and prolif-
eration of a cell also coincides with global
changes in transcription: proliferating cells
require abundant transcription, whereas qui-
escent cells are in a more repressed state.
CGG triplet repeat-binding protein 1 (CGGBP1)
is a DNA binding protein involved in various
cellular functions, including proliferation and
heat-shock response.>® Through binding to
the CGG-rich sequence, CGGBP1 activates the
transcription of cell-cycle regulators during
cell growth, and also activates heat-shock
response genes upon heat shock. It was
unknown, however, whether CGGBP1 s
involved in regulation of the global transcrip-
tional activity upon growth stimulation and
heat shock.

In this edition of Cell Cycle, Agarwal et al.
have and

investigated  transcriptomes

CGGBP1-binding profiles in serum-starved
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and serum-stimulated normal human fibro-
blast cells with and without CGGBP1 deple-
tion.” They showed that the expression levels
of a number of genes are changed upon
serum stimulation or CGGBP1 depletion. Their
ChlP-seq analysis revealed that,
CGGBP1 binds to various genomic regions
with some preference to LINE-1 and satellite

whereas

repeats in quiescent cells, CGGBP1 accumu-
lates at several thousands copies of Alu when
proliferation is stimulated. It has been known
that certain Alu copies provide binding sites

for transcription factors and affect the expres-
sion of neighboring genes>. However, the pro-
liferation-induced CGGBP1 binding sites are
not located in proximity to the genes of which
expression is affected upon growth stimula-
tion, suggesting transcriptional regulation in
trans in someway. What is the mediating
trans-factor? The most likely candidate the
authors found is the Alu RNA. They showed
that the binding of CGGBP1 to an Alu-specific
sequence between the Pol lll promoter motifs
interferes with the recruitment of Pol Il
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Figure 1. CGGBP1-mediated regulation of global transcription by Pol Il. (top) In quiescent cells (or
under heat shock), Alu is transcribed by Pol Ill. The Alu RNA binds to RNA Pol Il to inhibit the tran-
scriptional activity. (bottom) Upon growth stimulation by extracellular signals, CGGBP1 becomes
phospholylated and binds to the Alu sequences to interfere the Pol Ill recruitment. Accordingly, the
Alu RNA level is decreased and the Pol Il genes become more activated.
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components, and therefore inhibits the Alu
transcription in cis. The Alu downregulation
diminishes the inhibitory effect of Alu RNA on
Pol Il genes, and therefore increases the global
transcriptional activity. Inversely, depletion of
CGGBP1 increases the Alu RNA and decreases
global transcription by Pol Il. The authors also
showed that CGGBP1 becomes phospoholy-
lataed upon EGF stimulation, and that its
phospholylation allows efficient nuclear locali-
zation, indicating a phospholylation switch to
mediate the extracellular signal.

In summary, CGGBP1 regulates the Pol
Il transcription of SINE-derived non-coding
RNA that regulates the global Pol Il tran-
scription (Fig. 1); therefore, CGGBP1 is a
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pivotal protein that links the Pol Il and Pol
Il transcriptomes in response to growth
stimulation. The effect of CGGBP1 is labile
to heat shock due to the change in its sub-
nuclear localization,® which could account
for the upregulation of Alu RNA and down-
regulation of many Pol Il genes under heat
shock. From an evolutional point of view, it
is of particular interest whether the
CGGBP1-dependent Pol Il regulation in
trans through a Pol Il transcript(s) is con-
served in other species, because most
mammalian genomes carry various Pol llI-
transcribed SINEs, some of which are
known to become transcribed upon heat
shock and/or to inhibit the Pol Il activity.?
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