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COMMUNICATIONS ARISING

Tumour suppressors

Effect of DNA damage on
a BRCA1 complex

The tumour-suppressor protein BRCA1
mediates its biological functions by
interacting with cellular factors1,2 such

as the CtIP polypeptide3,4, a substrate for the
ATM (for ‘ataxia telangiectasia mutated’)
protein kinase5. Li et al.6 report that the
BRCA1–CtIP interaction is disrupted by 
ionizing radiation and by other genotoxic
stresses that induce phosphorylation of CtIP
by ATM kinase, and that this dissociation of
the BRCA1–CtIP complex in turn modulates
the transcription of DNA-damage-response
genes6. We have shown that the BRCA1-
binding domain of CtIP (amino-acid
residues 133–369) is distal to the sites that
are phosphorylated by ATM kinase (residues
S664 and S745)7. We now show that the
BRCA1–CtIP complex is stable in irradiated
cells, and that the phosphorylated isoforms
of CtIP that are induced by ionizing radia-
tion still interact in vivo with BRCA1. We
conclude that disruption of the BRCA1–CtIP
complex cannot account for induction of
DNA-damage-response genes in the way
proposed by Li et al.6.

To investigate the effect of genotoxic
stress on CtIP, we treated human T24 
carcinoma cells with ionizing radiation or
ultraviolet light, and immunoblotted the cell
lysates with a CtIP-specific monoclonal 
antibody7. As expected, ionizing radiation
induced the formation of the phosphoryl-
ated CtIP isoforms6 (Fig. 1a, top, lane 3).
These species migrate more slowly than
CtIP polypeptides from untreated cells (lane
1) and are converted to a faster-migrating
form after incubation with l-phosphatase
(lane 4). As expected, BRCA1 was also
hyperphosphorylated in cells exposed to
ionizing radiation (Fig. 1a, bottom)8,9.

To determine the effect of ionizing radia-
tion on the BRCA1–CtIP complex, we
immunoprecipitated T24-cell lysates with a
BRCA1-specific polyclonal antiserum, and
monitored each precipitate for CtIP by
immunoblotting with a CtIP-specific mono-
clonal antibody. As expected, CtIP was
detected in BRCA1 immunoprecipitates
from lysates of untreated and ultraviolet-
irradiated cells (Fig. 1b, top , lanes 5, 9),
which is consistent with our previous 
findings7 but not with those of Li et al.10.

Moreover, we recovered all CtIP species,
including the hyperphosphorylated forms, in
BRCA1 immunoprecipitates prepared from
cells exposed to ionizing radiation (Fig. 1b,
lane 7). The same results were obtained in all
cell lines tested, including the two lines
examined by Li et al.6: T24 carcinoma 
cells (Fig. 1b, top) and SV40-transformed
GM000637H fibroblasts (Fig. 1b, bottom).

The stability of the CtIP–BRCA1 com-
plex was also evident in reciprocal co-
immunoprecipitation experiments, in which
comparable amounts of BRCA1 poly-
peptides were present in CtIP immuno-
precipitates from both untreated cells and
cells exposed to ionizing radiation (Fig. 1c,
lanes 4, 6). Our results indicate that, contrary
to the findings of Li et al., the CtIP–BRCA1
complex is stable to genotoxic stress such as
ultraviolet or ionizing radiation. 
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Li et al. reply — Wu-Baer and Baer confirm
our original observation that CtIP is phos-
phorylated in an ATM-dependent manner
in response to g-radiation. We have shown
that phosphorylation by ATM kinase of
CtIP at serine residues 664 and 745 is
required to liberate DNA-damage-response
genes such as GADD45 from repression.
This is consistent with our more recent
finding that overexpression in mammalian
cells of a phosphorylated CtIP mutant with
a double alanine substitution at serines 664
and 745 disrupts the radiation-induced
cell-cycle checkpoint between G2 and M
phases. The functional consequence of
radiation-induced, ATM-dependent phos-
phorylation of CtIP is therefore clear. 

With respect to the mechanism that
underlies this process, we proposed that
phosphorylation of CtIP leads to its disso-
ciation from BRCA1, freeing BRCA1 to
participate in the activation of DNA-
damage-response genes. We do, however,
appreciate the potential for experimental
artefact in using only soluble co-immuno-
precipitation to detect protein–protein
interactions, particularly when different
antibodies and cell lines are used. (We used
human colon cancer cell line HCT 116 
and human fibroblasts GM09607A and
GM00637G, whereas Wu-Baer and Baer
used human bladder carcinoma cell line
T24 and fibroblast GM000637H.)

Wu-Baer and Baer report reciprocal co-
immunoprecipitation of BRCA1 and CtIP
using two different cell lines instead of the
same cells. Their observations are inconsis-
tent with ours where the interaction status of
BRCA1 and CtIP after g-irradiation is con-
cerned. This discrepancy should eventually
be resolved by systematic investigation using
an alternative and complementary method. 
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Figure 1 Association of BRCA1 and CtIP in irradiated cells. 

a, Induction of CtIP phosphorylation. Lysates from T24 carcinoma

cells (lanes 1, 2, untreated; lanes 3, 4, treated with 40 Gy ionizing

radiation (IR) were immunoblotted with CtIP-specific (top) or BRCA1-

specific (bottom) monoclonal antibodies7; the indicated lysates were

pretreated with l-phosphatase (PPase). b, Co-immunoprecipitation

of CtIP with BRCA1. T24 cells (top) and GM000637H fibroblasts

(bottom) were irradiated with 40 Gy IR or 10 J m12 ultraviolet (UV)

light, and lysates were immunoblotted for CtIP (lanes 1–3). Alterna-

tively, lysates were immunoprecipitated with BRCA1-specific 

antiserum7 (I) or pre-immune serum (Pr) and then immunoblotted

for CtIP (lanes 4–9). c, Co-immunoprecipitation of BRCA1 with CtIP.

Lysates of HBL100 epithelial cells were either immunoblotted for

BRCA1 (lanes 1, 2) or immunoprecipitated with CtIP-specific 210

antiserum7 and then immunoblotted for BRCA1 (lanes 3–6).
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