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Bradshaw and Meyn reply:
We thank Williams et al. for their work 
confirming our observations that in human 
cells, TRF2 rapidly associates with DNA 
damage induced by exposure to Hoechst 
33258 plus ultraviolet A light. However, we 
disagree with their conclusion that TRF2 
does not have a role in the cellular DNA 
damage response to DNA double-strand 
breaks (DSBs).

Our experimental approach of 
introducing a high concentration of DNA 
damage in defined subnuclear regions of 
chromatin by treating cells with Hoechst 
33258 and then exposing them to an 
ultraviolet A laser microbeam (hereafter 
‘Hoechst + ultraviolet A’)1, was chosen 
based on a previous observation that TRF2 
is not detectable by immunofluorescence at 
sites of damage induced by low-LET (linear 
energy transfer) γ-radiation2. We reasoned 
that isolated DSBs induced by γ-radiation 
might be insufficient to allow detection (by 
fluorescence microscopy) of proteins in low 
abundance at DSBs, those present at a subset 
of DSBs or those that bind to transient 
structures generated during the repair of 
DSBs. The results reported by Williams et 
al. confirm the previous observation and 
support our experimental rationale.

The conclusions drawn by Williams 
et al. are based on their inability to 
detect TRF2 accumulation by indirect 
immunofluorescence at sites of DNA 
damage induced by low-LET γ-radiation 
or high-LET 241Am radiation. However, 
the ability to form visible foci at sites of 
ionizing radiation–induced DNA damage 
is not a universal property of DSB damage 
response proteins. The Ku proteins and the 
catalytic subunit of the DNA-dependent 
protein kinase (DNA-PKcs) are critical 

components of the nonhomologous end 
joining (NHEJ) DSB repair pathway that 
are known to interact directly with induced 
DSBs3. Although these NHEJ proteins can 
be visualized at sites of photoinduced DNA 
damage4, they have not been detected by 
immunofluorescence techniques at DNA 
damage sites after exposure to low-LET 
γ-radiation. Further, others have reported 
that Ku70, Ku80 and DNA-PKcs do not form 
immunofluorescence-detectable nuclear 
foci at DNA damage sites after exposure to 
as much as 50 Gy of high-LET heavy ion 
radiation5.

Although the inability to detect TRF2 
at ionizing radiation–induced DSBs by 
immunofluorescence is weak evidence 
against the involvement of TRF2 in the 
cellular DSB response, other observations 
provide strong support for the idea that 
TRF2 is functionally involved in the response 
to ionizing radiation–induced DSBs. 
Like many classic DNA damage response 
proteins, TFR2 is rapidly phosphorylated in 
an ATM-dependent manner after exposure 
to γ-radiation6. We and others have also 
shown that TRF2 modulates γ-radiation–
induced ATM-dependent phosphorylation 
of multiple DNA damage response 
proteins7,8.

Williams et al. do raise an important 
point: we have an incomplete understanding 
of the range of DNA lesions induced by 
Hoechst + ultraviolet A and by low- and 
high-LET ionizing radiation. Significantly, 
DSBs induced by high-LET radiation are 
thought to occur at multiple damaged sites 
that also contain additional DNA lesions 
that may interfere with interactions between 
DSBs and DNA damage-response proteins9. 
In support of the idea that differing types of 
radiation generate distinct classes of DSBs 

that interact with cellular repair proteins in 
different ways, the repair kinetics of high 
LET–induced DSBs are markedly different 
from those created by low-LET γ-radiation10.

Although our knowledge of the 
photochemistry of Hoechst + ultraviolet A 
is incomplete, we do know that, like ionizing 
radiation, Hoechst + ultraviolet A induces 
both single- and double-strand breaks in 
DNA11. In our own experimental system, we 
find that prior exposure to Hoechst 33258 
is required for our ultraviolet A microbeam 
laser to induce a high enough local 
concentration of DSBs to be detected either 
by end-labeling with Cy3-dCTP or by the 
presence of γ-H2AX. We find that the same 
Hoechst treatment is required for detectable 
association of TRF2 with ultraviolet A 
laser–induced DNA damage. Williams et 
al. report essentially the same results: prior 
exposure to Hoechst 33258 greatly enhances 
both the production of DSBs by ultraviolet A 
and the association of TRF2 with ultraviolet 
A–induced DNA damage.

The DNA damage response proteins used 
by Williams et al. for their experiments are 
known to form large foci, easily visible by 
immunofluorescence, surrounding DSB-
containing DNA. The accumulation of these 
proteins in large molar excess in the vicinity 
of a single DSB is thought to be due to 
complex protein-protein interactions with 
the modified chromatin that surrounds the 
DSB site rather than the DSB itself. Rather 
than form large nonstoichiometric protein 
aggregates bound to modified chromatin, 
we propose that TRF2, along with Ku and 
DNA-PKcs, may belong to a different class 
of DNA damage response proteins that 
directly interact with damaged DNA at low 
stoichiometric ratios and/or with distinct 
types of DSBs. Proteins that directly interact 


