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“. . ..Out, damn’d spot! out, I say!—One; 2:

why. . .” 1

As Shakespeare has the Queen of Scotland

so prophetically proclaim, the physiological
nature of residual spots (foci) continues to

frustrate DNA researchers long after the 17th

century.

The immunohistochemical labeling of pro-

teins involved in the repair of DNA double

strand breaks (DSBs) reveals a very reproduc-

ible dose- and time dependent accumulation

and disappearance of microscopic protein
aggregates at discrete sites (foci) in the chro-

matin. However, we ignore at our peril the

fact that such a convenient and reproducible

marker of DSB damage remains a surrogate

that neither detects the double-stranded

break itself, nor informs on the physiological

purpose. Thus, DSBs arising from lagging

strand replication, collapsed replication forks,
meiotic recombination, gene conversion and

rearrangements are not distinguishable from

radiation-induced DSBs.

The presence of foci after repair is con-

cluded presents an additional conundrum. As

these persistent foci are typically much larger

than foci at sites of active repair they have

been suggested to mark unrepaired or misre-
paired DNA.2 Their co-localization with hetero-

chromatin suggests they may also be playing

a role in DNA packing.3 These 2 non-exclusive

possibilities have consequence for under-

standing both the function of DNA repair pro-

teins and the role of mis- or un-repaired DNA

in carcinogenesis. In the latter case, it is sug-

gested that ionizing radiation can, under cer-
tain circumstances, generate complex DNA

lesions that cannot be correctly handled by

DNA repair.4 The presence of such unrepaired

DNA has been linked to entry into a form of

cellular senescence.5 If such damaged cells

nevertheless do progress through mitosis,

non-rejoined DNA fragments will very likely

be lost during chromosomal segregation in

telophase. For cells in highly proliferative tis-

sues or organs (haematopoietic system, small
intestinal epithelium, skin, mammary gland),

this can have two major consequences. Either

such cells lose their division potential (causing

anaplasia or degeneration), or cells may form

aberrant clones, with the risk for malignant

transformation.

The paper by Martín et al6 now sheds

some more light onto the nature of these per-
sistent foci. Using a combination of FISH and

immunolabelling in post-irradiated cycling

cells they have established that interstitial foci

retained after DNA synthesis in mitotic cells

do not mark sites of macroscopic chromo-

somal damage, nor do they mark sites of

incorrect chromosome rejoining during an

already completed DSB repair. Intriguingly
however, analysis of the repair proteins pres-

ent at these mitotic foci shows that gH2AX

and MRE11 are both retained, while 53BP1 is

absent. This is assumed to indicate ejection of

53BP1 from an unrepaired DSB at the G2/M

transition, but may equally indicate failure to

correctly initiate formation of the repair com-

plex at an earlier stage. In either case this pro-
vides further supportive evidence that

persistent DSB foci include some sites where

damage remains unrepaired, possibly due to

complexity of the damage. Using image analy-

sis to estimate the size of repair foci Martín

and colleagues also report large variation,

which appear to correlate to some extent with

the chromosomal location. The visible chro-
matid breaks in metaphase chromosomes

were mostly decorated by large foci, presum-

ably due to the persistent labeling of large

tracts of DNA by gH2AX. However, some of

these chromatid sites were marked by

medium sized foci, while smaller foci were

found much less frequently. The apparently

inverse situation was reported at sites of per-

sistent foci that did not correlate with chroma-

tid damage. These sites revealed an inverse
distribution of foci sizes, with more smaller

than medium foci and only infrequent large

foci. It is tempting to speculate that the scale

of the focus represents the size of the unre-

paired lesion at the point at which repair was

terminated.

The paper of Martín et al answers the

question of persistent foci marking misre-
paired DNA joins with a ”no“, but raises several

new questions, including the role of persistent

foci in the induction of senescence. It has

recently been suggest that PML bodies may

accumulate at sites of unresolved repair foci,7

probably via recruitment by MRE11, but para-

doxically these do not appear to influence

senescence. Could the arrival of PML be linked
to the apparent ejection of 53BP1? Are the

retained sites still attempting to repair, as has

been shown by the presence of phosphory-

lated ATM at persistent foci in the skin?8
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