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A new twist on cell growth control
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The control of transcriptional pathways
during the cell cycle is paramount to regulat-
ing cell growth and differentiation, and main-
taining cells in a non-cancerous state. Human
CGGBP1 (CGG triplet repeat-binding protein
1) was first identified as a protein that binds
unmethylated CGG repeats,” and has more
recently been implicated in cell cycle control.?
Depletion of CGGBP1 causes cells to remain in
GO/G1, thereby reducing entry of cells into S
phase.? Moreover, CGGBP1 was found to requ-
late the expression of genes important for
controlling the cell cycle (eg. GAS1 and
CDKN1A).2 However, the mechanism by which
CGGBP1 controls expression of select genes
remained unknown.

Alu SINEs (short interspersed elements) are
repeat elements that are abundantly dis-
persed throughout the human genome. Some
Alu SINEs are transcribed by RNA polymerase
1l (Pol 11l) to give rise to ~300 nucleotide, non-
coding transcripts (Alu RNA).2 Transcription of
Alu RNA is increased upon heat shock, where
it acts as a potent repressor of RNA polymer-
ase Il (Pol 1) transcription.4 How transcription
of Alu SINEs is controlled and whether Alu
RNA functions as a transcriptional repressor
under conditions other than heat shock were
unanswered questions.

In an article in this issue of Cell Cycle,
Agarwal et al. provide evidence for a new
role for CGGBP1 in inhibiting the produc-
tion of Alu RNAs during serum activation,
thereby indirectly controlling mRNA tran-
scription (Fig. 1).° Global microarray experi-
ments revealed that depleting CGGBP1
from actively growing cells caused a signifi-
cant shift in RNA patterns, and this effect
was diminished in quiescent (serum
starved) Moreover, depletion of
CGGBP1 resulted in a significant decrease

cells.
in total mRNA in cells. These results suggest

that during serum activation a general pat-
tern of increased mRNA production occurs
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and that CGGBP1 is needed for this to hap-
pen. Curiously, a common motif in pro-
moter sequences could not be found
among the genes whose mRNA levels were
altered by serum starvation; hence, the role
of CGGBP1 appeared to be indirect.

The widespread transcriptional changes
indirectly regulated by CGGBP1 upon serum
activation were found to be mediated by a
reduction in levels of Alu RNA, a known
repressor of mRNA transcription.” A series of
experiments showed that serum activation
caused phosphorylation of a specific tyrosine
(Y20) on over-expressed CGGBP1, which
resulted in its nuclear localization. ChIP experi-
ments showed that CGGBP1 was enriched at a
variety of genomic regions including Alu
SINEs, occupancy selectively
increased between serum starved and serum
activated cells. Importantly, ChIP experiments
also revealed that the depletion of CGGBP1 in
cells significantly reduced Pol Il occupancy on
the bodies of 4 genes previously found to be
transcriptionally repressed by Alu RNA.* More-

where its

over, treatment of CGGBP1 knockdown cells
with an oligonucleotide antisense to Alu RNA
rescued Pol Il occupancy in the bodies of
these 4 genes. These data indicate that serum
activation causes CGGBP1 to bind Alu SINEs
and inhibit Alu RNA production by Pol Il
thereby increasing Pol Il transcription of the 4
Alu-sensitive genes.

Taken together the results in the Agarwal
et al. paper® lead to the following model
(Fig. 1): in the presence of serum, CGGBP1
is phosphorylated, localizes to the nucleus,
and binds Alu SINEs where it inhibits Pol Il
transcription. This results in a decrease in
the level of Alu RNA, thereby increasing Pol
Il transcription at genes sensitive to repres-
sion by Alu RNA. This model raises many
new questions. What is the breadth of genes
regulated by the CGGBP1-Alu RNA pathway
in response to serum stimulation? What
serum-responsive signaling pathways are
involved in the phosphorylation and regula-
tion of CGGBP1? CGGBP1 was also found to
occupy LINEs and satellite regions, to a
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Figure 1. Model of the CGGBP1-Alu RNA pathway. In serum starved cells, CGGBP1 is pan-cellular,
Alu SINEs are transcribed by Pol Ill, and Alu RNA represses Pol Il transcription. Upon serum activa-
tion, CGGBP1 is phosphorylated, becomes nuclear, binds to Alu SINEs, and blocks Pol Ill transcrip-
tion. The resulting decrease in Alu RNA levels results in active Pol Il transcription.
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