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A stitch in time and CDK9
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Cyclin-dependent kinase, or CDKs, are known1 to orches-
trate DNA repair (stitching) and cell cycle control (timing).
In G1 and early S phase, double-stranded DNA breaks
(DSBs) are predominantly repaired by non-homologous
end-joining (NHEJ). This occurs due to the favored recruit-
ment of 53BP1 and associated proteins, which excludes the
scaffolding protein BRCA1. In late S phase, homologous
recombination (HR) is the favored method of DSB repair.
Mechanistically, HR occurs due to high CDK activity result-
ing in the phosphorylation of multiple proteins, including
NBS1 and CtIP, which in turn stimulate the endonuclease
activity of the MRN complex, and allows the binding of
BRCA1 to CtIP and BRCA1s recruitment to the DSB.
Recruitment of BRCA1 to the break, blocks 53BP1 binding
and favors generation of single-stranded DNA promoting
resection and repair by HR.

A slowly growing body of work demonstrates that non-
cell cycle CDKs may also play a role in monitoring DNA
integrity. For example, CDK9 (best known as the catalytic
subunit of transcription factor P-TEFb) was found to be
essential for recovery from replication stress.2 It was further
demonstrated that CDK9 accumulated on chromatin in
response to replication stress and that CDK9 and cyclin K
interact with ataxia telangiectasia and Rad3-related protein
and other checkpoint signaling proteins. Subsequent work3

has demonstrated that CDK9’s role in the replication stress
response may be activated by deacetylation by SIRT2 at
lysine 48.

In the current volume of Cell Cycle,4 Nepomuceno and col-
leagues demonstrate CDK9 also plays a novel role in DSB
repair. Specifically, the Nepomuceno team follows up on their
previous demonstration5 of a potential interaction between
BRCA1 (known to be a key regulator in DSB repair) and CDK9
via BRCA1s tBRCT domain. Now they demonstrate that this
interaction is functionally relevant through a series of well-con-
trolled experiments. First, they use co-immunoprecipitation
assays to demonstrate that endogenous BRCA1 (and BARD1)
stably interacts with endogenous CDK9. Next, they deplete
MCF7 cells of endogenous CDK9 with shRNAi and exposed

them to ionizing radiation (IR). This experiment revealed
reduced formation of g-H2AX foci following IR, as well as
reduced HR repair, in cells depleted of CDK9. NHEJ repair was
unaffected by CDK9 depletion. Next, the authors used immu-
nofluorescence (IF) to demonstrate that CDK9 was physically
co-localized with BRCA1-positive foci at DNA damage sites
following IR. Again, using shRNAi to deplete cells of CDK9
and IF to measure the recruitment of repair protein to sites of
DSB repair, the authors demonstrate significantly reduced
recruitment of BRCA1 and RAD51 (which would temporally
follow BRCA1 recruitment in HR repair), without measurable
effect on the recruitment of 53BP1 to site of DNA damage.
Finally, the authors demonstrate that depletion of CDK9 results
in significantly reduced ability to survive IR long-term based on
clonogenicity assays.

Figure 1 highlights an interpretation of the data pre-
sented. DSBs are recognized by the MRN complex (Mre11,
Rad50 and Nbs1) and ATM, as highlighted in Fig. 1. It is
yet unclear whether CDK9 enters the complex before or
after MRN and ATM. For this review, I assume that CDK9
enters after ATM (Fig. 1). CDK9 may enter alone, or more
likely in preformed complex with BRCA1. Once CDK9 has
entered the complex, g-H2A phosphorylation accumulates
to high levels and BRCA1 blocks access of 53BP1, favoring
DNA end resection and HR.

It is tempting to speculate that CDK9 synergizes with the
cell cycle-regulating CDKs to favor repair by HR as mediated
by BRCA1 in cells late in S phase and to suppress NHEJ as
mediated by 53BP1. Of course, many questions remain. The
order of recruitment of other factors, such as CtIP, is unex-
plored in the current work. Does CDK9 require either cyclin T
or K in this process? Does CDK9 even require its catalytic activ-
ity or is it serving merely a scaffolding role? If so, is BRCA1 a
substrate or are other proteins in the complex or downstream
complexes. Does CDK9 acetylation at lysine 48 play a role, as it
does in the replication stress response? In any case, the data
presented in this manuscript open a novel area of exploration
and it will be exciting to see how CDK9 integrates DNA repair
and cell cycle events.
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Figure 1. CDK9-dependent steps in DSB repair. DSBs are recognized by the
MRN complex (Mre11, Rad50 and Nbs1) and ATM. CDK9, likely in complex
with BRCA1, enters the complex as g-H2A phosphorylation events accu-
mulate. BRCA1 blocks access of 53BP1 favoring DNA end resection and
HR.

824 W. D. CRESS

http://dx.doi.org/10.1038/ncb3452
http://dx.doi.org/20930849
http://dx.doi.org/10.1038/embor.2010.153
http://dx.doi.org/10.1073/pnas.1301463110
http://dx.doi.org/10.1073/pnas.1301463110
http://dx.doi.org/28278048
http://dx.doi.org/10.1080/15384101.2017.1295177
http://dx.doi.org/10.1126/scisignal.2002255

	Disclosure of potential conflicts of interest
	References

