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BRCAT1 is an important gene involved in susceptibility to breast
and ovarian cancer and its product regulates the cellular response
to DNA double-strand breaks. Here, we present evidence that
BRCA1 also contributes to the transcription-coupled repair (TCR) of
ultraviolet (UV) light-induced DNA damage. BRCA1 immediately
accumulates at the sites of UV irradiation-mediated damage in cell
nuclei in a manner that is fully dependent on both Cockayne syn-
drome B (CSB) protein and active transcription. Suppression of
BRCA1 expression inhibits the TCR of UV lesions and increases the
UV sensitivity of cells proficient in TCR. BRCA1 physically interacts
with CSB protein. BRCA1 polyubiquitinates CSB and this polyubig-
uitination and subsequent degradation of CSB occur following UV
irradiation, even in the absence of Cockayne syndrome A (CSA)
protein. The depletion of BRCA1 expression increases the UV sensi-
tivity of CSA-deficient cells. These results indicate that BRCA1 is
involved in TCR and that a BRCA1-dependent polyubiquitination
pathway for CSB exists alongside the CSA-dependent pathway to
yield more efficient excision repair of lesions on the transcribed
DNA strand. (Cancer Sci 2011; 102: 1840-1847)

B RCA1 is an important breast and ovarian cancer suscepti-
bility gene."” BRCAI mutations are rare in sporadic
breast and ovarian cancers®* and its expression in these can-
cers is often reduced,® suggesting that BRCAI1 plays a role in
both hereditary and sporadic carcinogenesis. BRCAI contains a
RING domain at the amino (N)-terminus and two BRCAL1 car-
boxy-terminal (BRCT) domains at the carboxy (C)-terminus.
RING domain is an essential component of many ubiquitine E3
ligase. BRCALI associates with BARD1, which also has a RING
domain,® and the BRCAI/BARDI heterodimer has ubiquitin
ligase activity,"~

BRCAI has been implicated in a variety of biological pro-
cesses, including DNA repair, transcription, chromatin remodel-
ing and centrosome duplication.'® BRCAI localizes to nuclear
foci during S-phase of the cell cycle."? Various mediators of
DNA damage such as ultraviolet (UV) irradiation disperse the
BRCAL1 foci, followed by the reappearance of BRCA1 foci.¢'?
BRCALl is phosphorylated in response to UV-induced dam-
age."¥ BRCALI associates with RNA polymerase II (RNA-
PIN™ and mediates the ubiquitination of RNAPII following
UV irradiation.>~'7

The main type of DNA damage induced by UV irradiation is
the formation of cyclobutane pyrimidine dimers (CPD) and (6-4)
photoproduct adducts. These lesions are removed by nucleotide
excision repair (NER). The NER operates via two pathways:
transcription-coupled repair (TCR) and global genome repair
(GGR). The TCR efficiently removes DNA lesions on the tran-
scribed strands of transcriptionally active genes, whereas the

Cancer Sci | October 2011 | vol. 102 ]| no. 10 | 1840-1847

GGR repairs DNA lesions throughout the genome. A stalled
RNAPII is presumed to trigger the initiation of TCR in harmony
with Cockayne syndrome (CS) proteins. Xeroderma pigmento-
sum (XP) and CS are rare genetic disorders. Xeroderma pigmen-
tosum is characterized by a high incidence of skin cancer and CS
is characterized b;/ photosensitivity and neurodevelopmental
abnormalities.'®'? There are seven genes (XPA-G) involved in
XP and two genes (CSA and CSB) involved in CS."®2% Muta-
tions in XPA-G result in defects in both GGR and TCR, with the
exception of XPC and XPE, which are defective in GGR alone.
Patients with CS have defects in TCR, but have functional GGR.

Although BRCAL1 is known to function in the repair of DNA
double-strand breaks (DSB),?! there have been several reports
suggesting roles for BRCAL in the excision repair of DNA dam-
age. BRCALI has been reported to function in NER of oxidative
DNA damage®® and in TCR.?*? BRCA1-deficient cells are
defective with respect to the preferential removal of oxidative
base damage from the transcribed DNA strand.® These suggest
that BRCA1 participates in the TCR pathway. BRCA] mutations
or reduced expression of BRCA1 might result in the deficiency
of TCR, in addition to DSB repair, and cause an increase in
cancer risk and contribute to carcinogenesis.

The aim of the present study was to gain insight into the
mechanisms involved in the BRCAl-mediated regulation of
TCR. Small, restricted areas of cell nuclei were exposed to UV
irradiation using an isopore membrane filter and BRCA1 locali-
zation was analyzed. The results showed the immediate, Cocka-
yne syndrome B (CSB)-dependent accumulation of BRCAI at
the UV-irradiated sites. A suggested mechanism for BRCA1
function in TCR is also presented.

Materials and Methods

Plasmid construction. pCMV-Myc-ubiquitin and pcDNA3-
HA-BRCAL1 have been described previously,(>2% pcDNA3-
HA-BRCAI-126A was generated by site-directed mutagenesis.

Cell lines and transfections. Saos-2, HEK-293T, XP3BRSV,
XP12ROSV, XP4PASV, CS3BESV, UV*1KOSV and HA-CSB/
UV*IKOSV cells were grown in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum. HEK-293T
cells were transfected with the vectors using Fugene-6 (Roche,
Mannheim, Germany).

Localized UV irradiation. Localized UV irradiation was
delivered as previously described.?” Cells were cultured as

7To whom correspondence should be addressed.

E-mail: nchiba@idac.tohoku.ac.jp

8Present address: Genome Structure and Stability Group, Beijing Institute of

gﬁpomics (BIG), No. 7, Beitucheng West Road, Chaoyang District, Beijing 100029,
ina.

doi: 10.1111/}.1349-7006.2011.02037.x
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monolayers in 35-mm glass-bottomed dishes (Matsunami Glass,
Osaka, Japan), covered with a polycarbonate isopore membrane
filter containing pores 3 pm in diameter (Millipore, Billerica,
MA, USA), and exposed to 254-nm UV irradiation at a dose of
40 J/m”.

Immunocytochemistry. Immunocytochemistry was carried
out as previously described.®® An anti-CPD antibody (Medical
& Biological Laboratories, Nagoya, Japan) and an anti-BARD1
antibody (H-300; Santa-Cruz Biotechnology, Santa Cruz, CA,
USA), a polyclonal anti-BRCA1 antibody specific for residues
397-1080 of BRCALI, or an anti-BRCA1 antibody (C-20; Santa-
Cruz Biotechnology) were used.

Small interfering RNA (siRNA). A siRNA targeting BRCAL
was synthesized using a Silencer siRNA construction Kit
(Ambion, Austin, TX, USA). The siRNA sequence was
5-AAGGUUUCAAAGCGCCAGUCA-3".?® The Silencer neg-
ative control siRNA (Ambion) was used as a negative control.
Cells were transfected with siRNA using Lipofectamine RNAI-
MAX (Invitrogen, Carlsbad, CA, USA).

Immunoprecipitation and western blot. Immunoprecipitation
(IP) was carried out as previously described.® Total cell lysates
were prepared from CS3BESYV cells in 1 X SDS sample buffer
(2% SDS, 0.67 M 2-Mercaptoethanol, 50 mM Tris—HC] pH 6.8,
12% glycerol, 1% Bromphenol Blue), sonicated and incubated at
95°C for 10 min. Samples were subjected to electrophoresis in
SDS-polyacrylamide gels and immunoblotted using anti-
BRCALI, anti-CSB (Santa-Cruz Biotechnology), anti-BARD1 or
anti-B-actin (Sigma-Aldrich, St. Louis, MO, USA) as indicated.

Colony formation assay. Cells were transfected with control
or BRCA1 siRNA. Forty-eight hours after transfection, the cells
were replated. Eight hours later, the cells were exposed to UV
irradiation and incubated for 10 days. Colonies were stained
with 0.3% crystal violet, and the number of colonies was
counted and expressed as a percentage of the non-irradiated
colonies as a measure of survival.

Analysis of strand-specific DNA repair. The repair of CPD was
examined in the 17.9-kb Kpnl fragment within the dihydrofolate
reductase (DHFR) gene in XP4PASV cells transfected with con-
trol or BRCA1 siRNA and irradiated with 8 J/m? using a method
previously described.®® Briefly, DNA was extracted, digested
with Kpnl and treated with T4 endonuclease V, which generates
single-strand breaks at CPD sites. The samples were separated
by electrophoresis in 0.65% alkaline agarose gels, transferred
onto Hybond N* membranes (Amersham Biosciences, Little
Chalfont, Bucks, UK), and hybridized with strand-specific
digoxigenin (DIG)-labeled DNA probes. The strand-specific
probes were generated by linear PCR in the presence of DIG-11-
dUTP using a PCR DIG Probe Synthesis Kit (Roche). Hybrid-
ization with DIG-labeled strand-specific probes was detected
using a DIG Detection Kit (Roche).

In vitro ubiquitination assay. Reaction mixtures contained
10 mM HEPES (pH 7.6), 0.5 mM EDTA, 5 mM MgCl,, 2 mM
NaF, 2 mM ATP, 60 mM KCl, 14 pM ubiquitin (Sigma),
36 nM El, 12 pM UbcH5c¢-His, 10 or 20 nM BRCA1-FLAG/
BARDI and 24 nM CSB. The preparation of El, UbcH5c-His
and BRCA1-FLAG/BARDI has been described previously.®"
CSB was prepared as described previously.®® After incubation
at 37°C for 1 h, CSB modifications were analyzed using western
blotting.

Results

BRCA1 accumulates at UV-irradiated sites. To analyze the
response of BRCALI to UV irradiation, cells covered with an iso-
pore membrane filter were irradiated to generate localized UV
damage to the cell nuclei.®”3® Saos-2 cells were exposed to
localized UV irradiation and analyzed by co-immunostaining
with antibodies against CPD and BRCAI. Five and 30 min after
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UV irradiation, BRCA1 was distributed as fine nuclear dots that
co-localized with CPD (Fig. 1a).

BRCAI1 localizes to nuclear foci within a few hours after UV
irradiation, which was explained by the response of BRCA1 to

the DSB_formed at the sites of stalled replication forks in

S-phase."® However, in asynchronous cells, BRCA1 accumula-
tion at UV-irradiated sites was observed in almost all cells. To
exclude the possibility that we were observing BRCAI accumu-
lation at UV-induced DSB in S-phase, cells were synchronized
in GO/G1. BRCAI clearly accumulated at the UV-irradiated
sites in cells at GO/G1 (Fig. Sla,b). In addition, we analyzed
whether phosphorylated H2AX (yYH2AX), which is rapidly phos-
phorylated at DSB, was observed at irradiated sites. Even at a
higher dose of 100 J/m?, no YH2AX was detected at UV-irradi-
ated sites 10 min after irradiation (Fig. S1c). These indicate that
DSB are not induced immediately after UV irradiation under
these experimental conditions. Therefore, it can be concluded
that DSB do not induce immediate BRCAI accumulation after
local UV irradiation.

BRCA1 accumulation at UV-irradiated sites is dependent on
CsB. To determine whether BRCAI accumulation at UV-irradi-
ated sites depends on NER factors, the response of BRCALI to
UV irradiation in several NER-deficient cell lines was exam-
ined. The cell lines used were: patient-derived XPG-deficient
XP3BRSV cells, XPA-deficient XP12ROSV cells, XPC-deficient
XP4PASV cells, CSA-deficient CS3BESV cells and CSB-defi-
cient UV*1KOSV cells. XPC is involved in the damage recogni-
tion step of GGR, whereas CSA and CSB function only in TCR.
XPA and XPG are required for both GGR and TCR, and func-
tion downstream of XPC, CSA and CSB (Fig. 1b). BRCAIl
accumulated at UV-irradiated sites in almost all XPG-, XPA-,
XPC- and CSA-deficient cells as observed in Saos-2 cells, but
not in CSB-deficient cells (Fig. 1c). Accumulation of BRCAI at
UV-irradiated sites was observed in a stable transfectant of
UV*1KOSV cells expressing full-len%th hemagglutinin (HA)-
tagged CSB (HA-CSB/UV*1KOSV).®® The localization of
BRCAL1 following irradiation was also examined in mouse
embryonic fibroblasts (MEF). BRCA1 accumulated at UV-irra-
diated sites in CSA-deficient (CSA—/—) 611030 cells, but not in
CSB-deficient (XPA+/— CSB—/—-) cells (Fig. S2). This suggests
that BRCA1 accumulation at UV-irradiated sites is dependent
on CSB.

Inhibition of transcription abolishes BRCA1 accumulation at
UV-irradiated sites. Cockayne syndrome B plays an important
role in the initiation step of TCR through recognition of a stalled
RNAPIL® To investigate whether the response of BRCA1 is
dependent on active transcription, Saos-2 cells were treated with
actinomycin D or a-amanitin prior to UV irradiation. Treatment
with either chemical completely abolished the accumulation of
BRCAL at the sites of irradiation (Fig. 1d). Although the expres-
sion of BRCA1 was slightly decreased by the treatment with
actinomycin D, expression of BRCAI was clearly detected in
cells treated with these transcription inhibitors by western blot-
ting (Fig. S3). Thus, the accumulation of BRCA1 at the UV-
irradiated sites is dependent on transcription.

Depletion of BRCA1 impairs TCR but not GGR. To determine
whether the loss of BRCAL1 expression affects TCR, the UV sen-
sitivity of GGR- and TCR-deficient cells transfected with
BRCA1 siRNA was examined. In XPC-deficient XP4PASV
cells, DNA lesions are repaired by TCR, but not by GGR,
whereas in CSB-deficient UV*1KOSYV cells only the GGR path-
way is functional. BRCA1 siRNA efficiently suppressed the
expression of BRCAL1 in these cells (Fig. 2a). Cells were irradi-
ated with varying doses of UV and their ability to form colonies
was assessed (Fig. 2b). When BRCA1 expression was reduced,
XP4PASV cells were more sensitive to UV irradiation. By
contrast, BRCA1 knockdown did not appear to affect the UV
sensitivity of UV 1KOSYV cells.
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Fig. 1. BRCA1 accumulation at ultraviolet (UV)-irradiated sites is dependent on Cockayne syndrome B (CSB). (a) Saos-2 cells were fixed at the
indicated time points after localized UV irradiation and stained with anti-cyclobutane pyrimidine dimers (CPD) and anti-BRCA1 antibodies. (b)
Schematic of nucleotide excision repair (NER). (c) XP3BRSV XPG—/~, XP12ROSV XPA—/~-, XP4PASV XPC-/—, CS3BESV CSA-/~, UV*1KOSV CSB—-/—
and HA-CSB/UV*1KOSV cells were fixed 30 min after UV irradiation and then stained. (d) Saos-2 cells were treated with actinomycin D (Act D)
(10 pg/mL) or a-amanitin (100 ug/mL) for 1 h and then exposed to UV irradiation. Scale bars, 10 um. CSA, Cockayne syndrome A; GGR, global

genome repair; TCR, transcription-coupled repair.

Strand-specific DNA probes were also used to examine the
removal of CPD from the transcribed and non-transcribed
strands of the active DHFR gene in XP4PASV cells transfected
with control or BRCAI siRNA and irradiated. Knockdown of
BRCAI1 expression reduced the efficiency of CPD removal from
the transcribed strand 6 h after UV irradiation (Fig. 2c). This
suggests that BRCAL1 is important for efficient TCR and medi-
ates resistance to the UV lesion.

Association between BRCA1 and CSB is accompanied by
polyubiquitination. To obtain molecular insights into the role of
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BRCALI in TCR, the association of BRCAl with CSB was
assessed. HEK-293T cells were UV irradiated and cell extracts
were prepared 1 h after exposure. The extracts were then
immunoprecipitated with a control IgG or anti-CSB antibody.
BRCAI co-precipitated with CSB (Fig. 3a). In the anti-CSB

- immune complexes, both BRCA1 and CSB were present as dif-

fuse, slowly migrating bands. Although BARD1 was also
detected in anti-CSB immune complexes, it did not show a dif-
fuse pattern. BARDI accumulated at the UV-irradiated sites
(Fig. S4).

doi: 10.1111/.1349-7006.2011.02037.x
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repair (TCR). (a) XP4PASV and UV*1KOSV cells were transfected with
control or BRCA1 siRNA. Cell lysates analyzed using western blot with
anti-BRCA1 and anti-B-actin antibodies. (b) Colony formation assay for
XP4PASV and UV*1KOSV cells. XP4PASV and UV*1KOSV cells were
transfected with control or BRCA1 siRNA. Data represent the
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UV irradiation. The DHFR fragments were analyzed using strand-
specific probes recognizing the transcribed (TS) or non-transcribed
(NTS) strand.

Polyubiquitinated proteins show a diffuse pattern on western
blots, similar to the behavior observed for BRCA1 and CSB.
BRCAL1 is ubiquitinated both in vitro and in vivo, whereas
CSB is ubiquitinated in vitro only.®® To determine whether
CSB was polyubiquitinated in vivo, HEK-293T cells were
transfected with a vector expressing a Myc-tagged ubiquitin
(Myc-ubiquitin)®> and then exposed to UV irradiation. Cell
lysates were immunoprecipitated with control IgG or anti-Myc
antibodies. The slowly migrating form of CSB was clearly pre-
cipitated by the anti-Myc antibody (Fig. 3b). Although these
slowly migrating bands were observed in non-irradiated cells,
the intensity of the bands was enhanced by UV irradiation
(Fig. 3c). These indicate that the slowly migrating form of CSB
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is polyubiquitinated and that UV irradiation increases the poly-
ubiquitination of BRCA1 and CSB.

Polyubiquitinated CSB is processed for proteasomal
degradation after UV irradiation. Polyubiquitination is a signal
for proteasomal degradation. To determine whether the poly-
ubiquitinated BRCA1 and CSB were targeted for proteasomal
degradation following UV irradiation, HEK-293T cells were
incubated in the presence or absence of the proteasome inhibi-
tor, MG132, after UV irradiation (Fig. 3d). Treatment with
MG132 markedly increased the polyubiquitination of CSB, but
not BRCAIl. This suggests that CSB is polyubiquitinated
and targeted for degradation after UV irradiation, whereas
ubiquitination of BRCAL1 is unlikely to be coupled to degrad-
ation.

BRCA1 polyubiquitinates CSB and is involved in CSA protein-
independent resistance to UV irradiation. Cockayne syndrome
B is polyubiquitinated in vitro by an E3 ubiquitin ligase complex
containing CSA and degraded by a proteasomal pathway in a
CSA-dependent manner after UV irradiation.®**” In contrast, it
is reported that CSB expression is downregulated after UV irra-
diation even in CSA-deficient cells.®® There might be another
pathway for the polyubiquitination and degradation of CSB.
Consistent with this expectation, polyubiquitination of CSB was
observed in CSA-deficient cells (Fig. 4a). Polyubiquitination of
CSB in BRCAl-knockdown cells was significantly lower than
that in cells transfected with the control siRNA (Fig. 4b). To test
whether the ubiquitin ligase activity of BRCA1 is involved in
the polyubiquitination of CSB, HEK-293T cells were transfected
with expression vectors for wild-type BRCA1 (HA-BRCA1) or
a BRCAI mutant in which the ubiquitin ligase activity is abol-
ished (HA-BRCAI-126A).%%“? In BRCAI1-126A-transfected
cells, the polyubiquitination of CSB was markedly lower than
that in cells transfected with wild-type BRCA1 (Fig. 4c). These
suggest that the ubiquitin ligase activity of BRCAI is involved
in the polyubiquitination of CSB.

Next, ubiquitination assays were performed to determine
whether BRCAL1 directly ubiquitinates CSB in vitro. Purified
recombinant CSB protein was incubated with ATP, ubiquitin,
El, UbcHSc and the BRCA1/BARDI heterodimer and analyzed
using western blotting (Fig. 4d). In the complete reaction, poly-
ubiquitinated CSB was observed as slowly migrating diffuse
bands and the amount of polyubiquitinated CSB was propor-
tional to the amount of BRCA1/BARDI. This suggests that
CSB is a substrate for BRCA1/BARDI.

Next, to assess whether CSB is degraded following UV
irradiation in CSA-deficient cells, the amount of CSB was
examined in CSA-deficient cells following UV irradiation in the
presence of cycloheximide (CHX) (Fig. S5a). The amount of
CSB protein decreased after UV irradiation in the presence of
CHX in CSA-deficient cells. In contrast, CSB protein was not
downregulated after UV irradiation in the absence of CHX, as
previously reported.®® The amount of CSB did not alter signif-
icantly after treatment with CHX alone (Fig. S5b). Treatment
with the proteasome inhibitor together with CHX prevented
downregulation of CSB after UV irradiation (Fig. S5¢). To
examine whether BRCA1 was involved in the downregulation
of CSB, CSA-deficient cells were transfected with control or
BRCAL siRNA and the amount of CSB was analyzed after UV
irradiation in the presence of CHX. Knockdown of BRCALl
suppressed the downregulation of CSB after UV irradiation in
the presence of CHX (Fig. 4e). The amount of BRCA1 in cells
transfected with control siRNA decreased following UV irradi-
ation in the presence of CHX, consistent with the report by
Hammond-Martel et al.“” These suggest that CSB polyubi-
quitinated by BRCA1 is degraded via a proteasomal pathway
independent of CSA.

Finally, the effect of BRCA1 depletion on the UV sensitivity
of CSA-deficient cells was analyzed. BRCAl knockdown
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increased the UV sensitivity of CSA-deficient cells, supporting a
role for BRCAL1 in the TCR of UV lesions (Fig. 4f).

Discussion

In the present study we showed that BRCA1l immediately
accumulated at locally UV-irradiated sites in a manner that is
dependent on CSB and transcription (Fig. 1). Although these are
highly suggestive of a role for BRCA1 in TCR, BRCA1 enhances
GGR through the transcriptional induction of XPC and DDB2.¢?
Therefore, we demonstrated that loss of BRCA1 affects the sensi-
tivity of TCR-proficient and GGR-deficient XPC-deficient cells
to UV irradiation, but not of GGR-proficient and TCR-deficient
CSB-deficient cells. Furthermore, the removal of CPD from tran-
scribed strands was suppressed by depletion of BRCAL Thus, we
concluded that BRCAL is involved in TCR following UV irradia-
tion and increases the survival of cells harboring UV damage.

GFP-tagged CSB protein accumulates in sub-nuclear areas at
sites of local UV damage.*® The amount of CSB protein
increases in the chromatin fraction after UV irradjation, #+4>
CSB was responsible for BRCA1 accumulation at UV-irradiated
sites. To examine whether BRCA1 moves to chromatin follow-
ing UV irradiation in a CSB-dependent manner, we fractionated
cell lysates from XP4PASV and UV*1KOSV cells into soluble
and chromatin-containing fractions (Fig. S6). The amount of
CSB protein within the chromatin-containing fractions from
XP4PASY cells, increased after UV irradiation. Consistent with
Figure 1c, BRCAl was identified in the chromatin-containing
fraction from XP4PASV cells following UV irradiation, but not
in that from UV 1KOSV cells.
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The CSB-dependent accumulation of BRCA1 at the UV
lesions is similar to that seen for other NER factors. Cockayne
syndrome A is translocated to the nuclear matrix in an UV- and
CSB-dependent manner,“® and other NER _proteins are recruited
to TCR sites in a CSB-dependent manner.“* These suggest that
BRCAI accumulates at UV-irradiated sites and functions in
TCR together with other NER factors, and that CSB is an inte-
gral factor for recruiting DNA repair factors to TCR sites.

The polyubiquitination of both BRCAl and CSB was
enhanced after UV irradiation. Auto-ubiquitination of BRCAI
enhances its DNA-binding activity.“” Enhanced polyubiquitina-
tion of BRCA1 following UV irradiation might be involved in its
function as a DNA repair molecule. However, CSB was poly-
ubiquitinated and processed for proteasomal degradation after
UV irradiation. This is consistent with a report that CSB is
degraded following UV irradiation.®” As described above, the
amount of CSB increases in the chromatin fraction after UV irra-
diation. Lake et al.* reported that the amount of CSB
re-appearing in the soluble fraction 7 h after UV irradiation
decreases compared with the amount of CSB present before UV
irradiation. Cockayne syndrome B might be recruited to the chro-
matin and then polyubiquitinated for proteasomal degradation
after UV irradiation. Since BRCA was also recruited to the chro-
matin fraction after UV irradiation, BRCA1 might ubiquitinate
CSB at the chromatin. Phosphorylated RNAPII is also polyubig-
uitinated by BRCA1 and tart%eted for proteasomal degradation
following UV irradiation.">'® BRCAI might function in TCR
through the regulation of protein stability at sites of UV damage.

Depletion of BRCALI increased UV sensitivity in CSA-defi-
cient cells (Fig. 4f), but not in CSB-deficient cells (Fig. 2b).

doi: 10.1111/j.1349-7006.2011.02037.x
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This suggests that BRCAL1 is involved in TCR for UV damage
in a CSB-dependent manner, but independent of CSA. Polyubig-
uitination of CSB was observed in CSA-deficient cells. Cocka-
yne syndrome B is polyubiquitinated in a BRCA1-dependent
manner. Furthermore, CSB was polyubiquitinated by BRCA1/
BARDI in vitro, similar to the effect of the CSA complex.
Although CSA and BRCA1 might play similar redundant roles
in the ubiquitination of CSB, the presence of two independent
pathways of CSB polyubiquitination might reflect different roles
for CSA and BRCAL in TCR.

Clinical differences between CSA-deficient and CSB-deficient
patients have not been observed. However, CSA and CSB
have different functions in the response to oxidative damage.
CSB—/— MEF and keratinocytes are hypersensitive to oxidative
damage, but CSA-deficient cells are not“*®, Cockayne syndrome
A functions in the response to oxidative damage, and CSA-defi-
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cient cell extracts show normal oxidative damage cleavage
activity while CSB-deficient cell extracts do not.“® This sug-
gests that downstream pathways that involve CSB exist, one of
which might be independent of CSA. Although we identified a
function for BRCA1 in TCR of UV lesions in the present study,
BRCAL is also involved in the TCR of oxidative damage® and
DNA damage induced by ionizing irradiation®?®. Therefore,
BRCAI might also be involved in TCR of these DNA damage
independent of CSA. Additional studies are needed to gain
further understanding of the role played by BRCAIl in TCR
pathways.
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Objective: Communicating the discontinuation of anticancer treatment to patients is a difficult
task. The primary aim of this study was to clarify the level of oncologist-reported burden when
communicating about discontinuation of an anticancer treatment. The secondary aims were
(i) to identify the sources of burden contributing to their levels and (ii) to explore the useful
strategies to alleviate their burden.

Methods: A multicenter nationwide questionnaire survey was conducted on 620 oncologists
across Japan (response rate, 67%).

Results: High levels of perceived burden were reported by 47% of respondents, and 17%
reported that they sometimes, often or always wanted to stop oncology work because of this
burden. There was a significant association between high levels of burden and: a feeling that
breaking bad news would deprive the patient of hope; concern that the patient’s family would
blame the oncologist; concern that the patient may lose self-control; and a feeling that there
was not enough time to break the bad news. Strategies perceived to be useful by oncologists
included training in how to effectively communicate to patients discontinuation of anticancer
treatment, a reduction in total workload to allow sufficient time to break bad news, and devel-
opment of a multidisciplinary model to facilitate cooperation with other professionals and
facilities.

Conclusions: Many oncologists reported high levels of burden relating to communication of
discontinuation of anticancer treatment. A specific communication skills training program, suf-
ficient time for communication and development of a multidisciplinary model could help allevi-
ate the burden on oncologists.

Key words: burden — oncologists — communicating

INTRODUCTION

burnout (7). Previous studies have suggested that oncologist-

Breaking bad news is a stressful experience for the oncolo-
gist (1—6); moreover, it contributes to diminished confidence
in communication skills and higher expectations of a
negative outcome. The experience of dealing with distressed,
angry and reproachful patients is also associated with

perceived burden is caused by several factors associated with
the patient, the patient’s family, the oncologists themselves
and the medical environment (8,9). An oncologist’s com-
munication style affects the extent of emotional distress felt
by the patient and the patient’s family (10). The most

1 2011 The Author(s).
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difficult conversations involved discussing the discontinu-
ation of curative treatment and admission to a hospice (4);
therefore, it is important to clarify the extent of the burden
experienced by the oncologist when communicating the dis-
continuation of anticancer treatment.

Many studies have been conducted to clarify patients’ pre-
ferences and experiences in receiving bad news in oncology
settings (11—14), and several clinical guidelines and expert
recommendations have been published (1,15,16). Moreover,
recent intervention trials have demonstrated that structured
communication skills training can improve physicians’ skills
in breaking bad news (17—19).

Despite the existence of many experience-based rec-
ommendations and studies into the psychological effects on
patients and their families, to our knowledge, only a few
studies have explored the extent of the burden on oncologists
when communicating the discontinuation of anticancer treat-
ment. Therefore, the aims of the present study were to: (i)
clarify the level of oncologist-perceived burden when com-
municating the discontinuation of anticancer treatment to
patients; (ii) identify factors contributing to this burden; and
(iii) explore potentially useful strategies to alleviate
oncologist-perceived burden.

PATIENTS AND METHODS
SUBJECTS

The present study was a cross-sectional anonymous multi-
center nationwide survey of oncologists in cancer centers
across Japan. Questionnaires were mailed to 620 eligible
oncologists in February 2007 and again 2 months later to
those oncologists who had not yet responded. If the oncol-
ogists did not want to participate in the survey, we
requested that they return the questionnaire without reply-
ing to any of the questions. The participating institutions
were 12 cancer centers selected from the 15 cancer centers
that make up the Japanese Association of Clinical Cancer
Centers.

We recognized potential sampling bias with this method,
but decided to use convenient institutions because we felt
that the risk of sampling bias would be minimized by a large
number of participants.

Eligibility criteria for the participants were as follows: (i)
oncologists specializing in gastroenterology, respiratory
medicine, breast oncology, hematology, medical oncology,
urology, gynecology, otolaryngology, orthopedics, pediatrics,
neurosurgery or dermatology; and (ii) the oncologist’s name
had to appear on his/her medical facility’s website. The
website of all Japanese cancer centers shows the complete
list of all physicians in that center. We regarded the com-
pletion and return of the questionnaire as consent to partici-
pate in the study. The institutional review board of the
principal investigator confirmed the study’s cthical and
scientific validity.

QUESTIONNAIRE

A questionnaire was developed based on a review of the lit-
erature (2,3,8,9) and discussions among the authors. Content
validity was assessed by full agreement of the authors, and
face validity was confirmed by a pilot test of 20 potential
participants.

As background data, oncologists reported their age,
gender, clinical experience in oncology, specialty, previous
experience with formal communication skills training, atti-
tudes toward disease and prognosis disclosure for terminally
ill patients, and the number of patients to whom they would
usually communicate the discontinuation of anticancer treat-
ment annually.

The primary endpoint was oncologist-perceived burden
imposed by communicating the discontinuation of anticancer
treatment to patients. Given the lack of existing validated
instruments, the following outcome parameters were devel-
oped by the authors. First, the level of oncologist-perceived
burden was evaluated by the question, *What level of burden
do you feel when you communicate with patients about dis-
continuation of anticancer treatment?” Answers to this ques-
tion were rated on a five-point scale ranging from 1 (I do not
feel any burden at all) to 5 (I feel a heavy burden). In
addition, we investigated the impact of the burden on motiv-
ation to continue working in oncology by asking oncologists,
‘How often do you feel some level of desire to stop oncol-
ogy work due to this burden’. Again, answers were rated on
a five-point scale ranging from | (not at all) to 5 (always).

We extracted 20 potential sources of burden from the lit-
erature (8,9) and questioned oncologists on their level of per-
ceived burden relating to each of these sources. Oncologists
were requested to rate their degree of burden on a five-point
Likert-type scale ranging from 1 (I do not feel any burden)
to 5 (1 feel a heavy burden).

In addition, we developed a list of 14 potentially useful
strategies to alleviate oncologists’ perceived burden derived
from a previous report (20) and from a qualitative study
using in-depth interviews with three oncologists. The oncol-
ogists were requested to rate their level of agreement with
each of these strategies on a six-point Likert-type scale
ranging from 1 (not necessary) to 6 (absolutely necessary).

STATISTICAL ANALYSES

For comparisons, respondents were classified into two
groups: oncologists who rated themselves as ‘heavily bur-
dened’ or ‘burdened” (high-level burden) and then all other
oncologists (low-level burden). This cut-off point was
selected on the basis of the actual distribution of the data
and enabled the entire sample to be divided into two equal-
sized groups for comparison.

To explore the determinants of levels of oncologist-
reported burden, we screened 7 background variables and 20
sources of burden. Univariate analyses were performed using
Student’s r-test or the x? test, as appropriate. To assess the
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results in 20 comparisons, the P value necessary for statisti-
cal significance was defined as 0.0025 (0.05/20) using the
Bonferroni correction. Multiple logistic regression analyses
were then performed using a forward elimination procedure.
All potential predictors with statistical significance as ascer-
tained by the univariate analyses were included as indepen-
dent variables in multiple logistic regression analyses. All
analyses were performed using SPSS version 11.0.

RESULTS

Of the 620 questionnaires mailed to oncologists, 10 were
undeliverable because of incorrect addresses and 416 oncolo-
gists returned questionnaires, resulting in a response rate of
67%. Of the questionnaires returned, 3 were excluded due to
missing data in primary endpoints and 19 were returned
without any of the questions being answered. Thus, a total of
394 responses were analyzed, giving an effective response
rate of 67% (394/591). The oncologists’ characteristics are
summarized in Table 1.

Overall levels of oncologist-reported burden relating to
communication of the discontinuation of anticancer treat-
ment were: heavily burdened, 13%; burdened, 34%; slightly
burdened, 37%; not particularly burdened, 13%; or not bur-
dened at all, 1.3% (Table 2). Clinical oncologists rated their
level of desire to stop oncology work because of this burden
as: not at all, 55% (n = 218); rarely, 26% (n = 106); some-
times, 11% (n = 45); often, 5.3% (n = 21); or always, 1.0%
(n=4).

The oncologists™ ratings of the 20 potential sources
of burden relating to the communication of discontinuation
of anticancer treatment are given in Table 3. More than 20%
of respondents reported feeling ‘heavily burdened’ or ‘bur-
dened’ by the following factors: insufficient time to break
bad news; feeling that breaking bad news will deprive the
patient of hope; the possibility that the breaking of bad news
is interrupted by other tasks; concern that the patient may
lose self-control; opposition from the patient’s family to
breaking bad news to the patient; the fact that evidence from
a certain group is not applicable to every patient; and,
finally, an inability to answer philosophical questions regard-
ing death and the value of life.

Univariate analysis (Table 4) showed that oncologists with
high-level burden were significantly more likely to report the
following concerns: feeling that breaking bad news will
deprive the patient of hope; concern that the oncologist may
be blamed by the patient’s family; concern that the patient
may lose self-control; insufficient time to break bad news;
possibility that the time for breaking bad news is interrupted
by other tasks; opposition from the patient’s family to break-
ing bad news to the patient; evidence from a certain group is
not applicable to every patient; an inability to answer philo-
sophical questions regarding death and the value of life;
feeling a sense of guilt because oncologists cannot provide
adequate treatment; concern that the oncologist may be

Jpn J Clin Oncol 2011;41(8) 1001
Table 1. Background of respondent oncologists
Age (ycars)

Median 43
Inter-quartile range 37--50
Male gender [no. (%)] 371 (9D

Oncology cxperience (years)
Median ' 15
Inter-quartile range 8-20
Number of communications concerning discontinuation of anticancer
treatment annually
Median 8
Inter-quartile range 315

Attitudes toward discasc and prognosis disclosure for terminally il paticnts®
[no. (%))

Routinely, without paticnt’s request 55(14)
If nceessary, without paticnt’s request 234 (59)
If necessary, and il the patient explicitly asks 78 (19)
Routinely, and if the patient explicitly asks 21 (5.3
Specialty® [no. (%)]
Gastroenterology 116 (30)
Respiratory medicine 50 (13)
Breast oncology 42 (10)
Hematology, medical oncology 42 (10)
Urology 32(8.3)
Gynecology 30 (7.8)
Otolaryngology 24 (6.2)
Orthopedics 19 (4.9
Neurosurgery 12.(3.1)
Pediatrics 13 (3.3)
Dermatology 5(1.3)
Received formal training in breaking bad news [no. (%)] 59 (16.5)

“Percentages do not add up to 100% because of missing data.

criticized by the patient; scientific evidence is not always
predictable or reproducible; opposition from patients to
breaking bad news to their families; fear of talking to
patients whom the oncologist do not know very well; lack of
confidence in oncological medical skills; uneasiness in chan-
ging roles from curing patients to caring for patients; and a
concern that an objective stance cannot be maintained if the
oncologist becomes too intimate with the patient.

Multiple logistic regression analysis (Table 4) revealed
that independent determinants of high-level burden were:
feeling that breaking bad news will deprive the patient of
hope; concern that the oncologist may be blamed by the
patient’s family; concern that the patient may lose self-
control; and insufficient time to break bad news. Seven back-
grounds of the oncologist, including age, specialty, attitudes
toward disease and prognosis disclosure for terminally il
patients, oncology experience, previous experience with
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formal communication skills training, or number of com-
munications concerning discontinuation of anticancer treat-
ment annually, are not the determinants of levels of
oncelogist-reported burden,

Strategies to relieve oncologist-reported burden when
communicating the discontinuation of anticancer treatment
were also investigated. Table 5 lists the percentage of

Table 2. Levels of oncologist-reported burden when communicating
discontinuation of anticancer treatment

No. (%)
Heavily burdened 53 (13)
Burdened 136 (34)
Slightly burdened 147 (37)
Not particularly burdenced 53 (13)
Not burdened at all 5¢1.3)

oncologists who agreed with each of the 14 strategies
suggested to alleviate oncologists® perceived burden. More
than 20% of respondents considered the following strategies
to alleviate oncologist-reported burden as ‘absolutely necess-
ary’: that an inpatient hospice is readily available and that
patient information is exchanged smoothly among facilities;
quiet and private rooms are available for breaking bad news;
after breaking bad news, a nurse, psychologist or medical
social worker is available to provide emotional support; and
a reduction in oncologists’ total workload to give them suffi-
cient time to break bad news.

DISCUSSION

To the best of our knowledge, this is the first large multicenter
nationwide survey to investigate oncologist-reported burden
when communicating the discontinuation of anticancer treat-
ment. The first important finding of the present study was the
demonstration of the oncologist-reported burden when

Table 3. Sources of oncologist-reported burden when communicating discontinuation of anticancer treatment

‘Not ‘Not particularly Slightly ~ ‘Burdened’. “Heavily

burdened at  burdened’, no.  burdened’, no. (%) burdened’,

all’. no. (%) (%) no. (%) no. (%)
Insufficient time to break bad news 12 (3.1) 61 (15 90 (22) 151 (36) 82 (20)
Feeling that breaking bad news will deprive the patient of hope 12 (3.1) 34 (8.7) 152 (37) 135 (33) 63 (15)
Possibility that the time for breaking bad news is interrupted by other tasks 18 (4.6) 86 (21) 102 (25) 120 (29) 71 (17)
Concern that the patient may losc self-control 16 (4.1) 83 (21 163 (39) 108 (26) 25 (6.0)
Opposition from family members to breaking bad news to the patient 39 (9.9) 96 (24) 134 (32) 91 (22) 36 (8.7)
Evidence from a certain group docs not always apply to the patient 43 (10) 122 3D 133 (32) 70 (17) 28 (6.7)
The oncologist is unable to answer philosophical questions regarding death and the 37(9.5) 122 (31) 140 (34) 74 (18) 21 (5.0)
value of life
Concern that the oncologist may be blamed by the patient’s family 73 (18) 141 (35) 104 (25) 63 (15) 15 (3.6)
Fecling a sensc of guilt because oncologists cannot provide cffective anticancer 83 (21) 140 (35) 102 (25) 56 (14) 14 (3.4)
treatment
Opposition from paticnts to breaking bad news to their familics 70 (17) 171 (43) 87 (21) 47 (11 19 (4.6)
Concern that the oncologist may be criticized by the patient 75 (19) 149 (37) 107 (26) 56 (14) 9(2.2)
Fear of talking to paticnts whom oncologist docs not know very well 84 (21) 138 (35) 108 (26) 54 (13) 10 (2.4)
Scientific evidence is not always predictable or reproducible 43 (10) 122 (3D 133 (32) 70 (17) 28 (6.7)
Lack of confidence in oncological medical skills 63 (16) 172 (43) 106 (26) 49 (12) 5(1.2)
Concern that the oncologist does not have the latest knowledge 80 (20) 179 (45) 97 (23) 36 (8.7) 2(0.5)
Uneasiness in changing roles from curing patients to caring for paticnts 11 (28) 176 (44) 68 (16) 34 (8.2) 4(1.0)
Concern that oncologists cannot answer all knowledge-based questions posed by the 94 (24) 186 (47 81 (20) 29 (7.0) 3(0.7)
paticnt
Oncologists fear their own illness and death 122 (3D 178 (45) 62 (15) 26 (6.3) 4 (1.0)
Concern that an objective stance cannot be maintained if the oncologist becomes too 89 (22) 195 (49) 85 (20) 24 (5.8) 3(0.7)
intimate with the patient
Fear that oncologists themselves may become very emotionally involved. such as 107 (27) 209 (53) 59 (14) 18 (4.3) 0(0)

cxpressing anger or sadness

Pereentages do not add up to 100% duc to missing data.
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Table 4. Dcterminants of oncologist-reported burden when communicating discontinuation of anticancer treatment

Univariate analyses Multivariatc analyses

Low level  High fevel P value  Odds ratio P valuc
(n=206) (n=190) (95% CI)

Fecling that breaking bad news will deprive the patient of hope 3.14+09 38+08 <0.01 1.8(1.4-2.5) <0.01

Concern that the oncologist may be blamed by the patient’s family 21+08 28+ 1.1 <0.01 1.5 (1.2-1.9) <0.01

Concern that the patient may lose sclf-control 28408 34+09 <0.01 1.4 (1.1-1.9) <0.01

Insufficient time to break bad news 33410 38409 <0.01 1.2 (0.99--1.6) 0.G49

Possibility that the time for breaking bad news is interrupted by other tasks 30+1.0 35+ 1.1 <0.01

Opposition from family members to breaking bad news to the patient 27+1.0 32411 <0.01

Evidence from a certain group does not always apply to every patient 26+09 3.0+ 1.4 <0.01

The oncologist is unable to answer philosophical questions regarding death and the valuc of 2.5+ 0.8 304+ 1.0 <0.01

life

Fecling a sensc of guilt because oncologists cannot provide effective anticancer tricatment 21409 27+ 1.1 <0.01

Concern that the oncologist may be criticized by the paticnt 21+08 27+1.0 <0.01

Scientific evidence is not always predictable or reproducible 23+08 27+ 1.0 <0.01

Opposition from paticnts to breaking bad news to their familics 22408 206412 <0.01

Fear of talking to patients whom the oncologist docs not know very well 22409 25+ 1.1 <0.01

Lack of confidence in oncological skills 22408 25409 <0.01

Uneasiness in changing roles from curing patients to caring for paticnts 19408 23409 <0.01

Concern that an objective stance cannot be maintained if the oncologist becomes too 19407 22+08 <0.01

intimate with the patient

Concern that the oncologist does not have the latest knowledge 21+08 22409 0.24

Fear that the oncologist may beccome very emotionally involved, such as expressing angeror - 1.9+ 0.6 2.0 + 0.8 0.24

sadness

Concern that the oncologist cannot answer all knowledge-based questions posed by the 204£08 22409 0.34

paticat

Fear of the oncologists’ own illncss and death 1.9+07 20410 0.78

Oncologists who rated their burden level as heavily burdened or burdened (high-level group) are compared as a single group against all others (low-level
group). Multiple logistic regression analyses used the high-level burden group as the dependent variable. Each condition was rated on a scale of | (do not feel

any burdened) to 5 (feel heavily burdencd).

communicating the discontinuation of anticancer treatment to
patients. Of the oncologists surveyed, 47% reported high
levels of burden when communicating the discontinuation of
anticancer treatment. Moreover, 17% of the oncologists sur-
veyed reported that they sometimes, often or always want to
stop oncology work because of this burden. Multiple studies
have revealed that a major contributor to physicians’ burnout
is communication with patients and families (21-26). The
present study confirms that communication with patients and
families is a major source of oncologists’ work-related stress.
In particular, the present study highlights that communicating
the discontinuation of anticancer treatment can be a heavy
burden for oncologists and that it is urgent that strategies are
developed to alleviate this burden.

The present study also evaluated oncologists’ opinions
regarding the strategies likely to be effective in reducing this
burden. The strategies perceived to be potentially effective

included: ready availability of an inpatient hospice and
smooth exchange of patient information among facilities;
availability of quict and private rooms for the breaking of
bad news; the provision of emotional support from a nurse,
psychologist or medical social worker after the patient has
received the bad news; and a reduction in oncologists’ total
workload to give them sufficient time to break the bad news.

Moreover, multiple logistic regression analyses revealed
that independent determinants of high-level burden were: a
feeling that breaking bad news will deprive the patient of
hope; concern that the oncologist may be blamed by the
patient’s family; concern that the patient may lose self-
control; and insufficient time to break bad news.

These results reveal that there are three main areas that, if
addressed, could significantly alleviate oncologist-reported
burden: (i) improving oncologists’ communication skills; (ii)
allowing sufficient time for communication with patients and
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