another type of junction, referred to as “deletion only”
(not associated with any microhomologies or insertions),
representing 13.3% of junctions from control cells, was
totally absent in the Cernunnos-deficient cells (Fig. 3 B
and Table S1). By transfecting a construct encoding the
WT of the protein into the Cernunnos-deficient cells, direct
joining was restored, and the general pattern of end-joining

Article

was indistinguishable from that of controls (Table S1). A sim-
ilar pattern was observed when a construct expressing the
mutant form of Cernunnos (p.Q227R) was used, suggesting
that this mutant, in a homozygous form, had no effect on
end-joining in this assay. However, when this mutant was
overexpressed in control cells, the pattern of the recovered
junctions was altered: first, like in the Cernunnos-deficient

Figure 3. Novel mutation identified in the Cernunnos gene in a DLBCL sample (DL8). (A) Somatically acquired mutatid®emunnos tumor

cells. The missense mutation (c.680A>G, p.Q227R; indicated by red arrows) was found in a heterozygous form in DNA prepared from the tumor biop
microdissected tumor cells but not in microdissected normal cells, nor in controls. The microdissection experiment was performed once, whereas the
sequencing was performed on both directions, and the result from the forward direction is shown in the gure. (B) Functional characterization of the p
Q227R mutant using a plasmid-based NHEJ assay. The proportion (%) of different types of end-joining junctions associated with deletions, summari:
from three independent experiments, is plotted. A summary of all types of junctionsTasle®Cirl, control; Cernu, Cernunnos; MH-micro

homology. (C) Detection of chromosomal translocations in tumor cells by FIGH/B&i@rst panel) antYC/IGlearrangements (third panel)

were identi ed as orange/green (yellow) fusion si&isecond panel) al@@H(fourth panel) rearrangements were identi ed as red and green split

ting signals. The rst panel is based on two independent experiments, whereas the remaining three are based on one experiment. Within each experi

at least 100 intact, nonoverlapping nuclei were scored for each probe, and representative results are depicted.
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and microcephaly (Buck et al.,, 2006a) and by searching for
XR CC4-interacting factors (Ahnesorg et al., 2006). Similar to
defects in six other NHE] components, Cernunnos deficiency
is associated with a defective V(D)J recombination (Buck
etal., 2006a; Zha et al., 2007). However, the defect in knock-
out murine B cells is considerably less severe as compared with
Cernunnos-deficient patients, thus raising the possibility that
the lymphocyte-specific compensatory mechanism proposed
by Li et al. (2008a) is restricted to mouse B cells. To address

Article

this question, it is important to study the second recombina-
tion process requiring NHE]J in lymphocytes, CSR, in both
human and mouse B cells deficient in Cernunnos. In mice,
CSR in cultured Cernunnos-deficient B cells is reduced by
50%, and the frequency of S MS Gdirect joints is reduced,
along with a small increase in the average length of junctional
microhomology (Li et al., 2008a). However, it is notable that
compared with the XRCC4- and Lig4-deficient cells, the
changes at the CSR junctions are modest (Yan et al., 2007).

A Germline Su B Su-Sa
23.0kb — o ; ig -
6.5kb — <+ Sy D KD
4.5 kb
2.3kb — ( )
M DL8 BL6 C1 Ramos M DL8 N Controli N M
C Original Su-Su-Sa recombination Results of deletion, trans-switching and
—_— sequential switching
Su Su Sal Su Su Sal
(65-334)  (320-469) (2313-2574) (65-334)  (320-464)(2517-2574)
| - — e -
S 4
Deletion + insertion of Sa.1 Sai
from the other allele (609-644)
Su Su Sal Su Su Sal
(65-334)  (320-469) (2313-2574) (65-334) (320-342)(2494-2574)
| - — I
| R
Deletion
Su Su Sat S Sa2
(65-334)  (320-469) (2313-2574) (65-334)  (2521-2619)
T - o
f
Break and
recombined to Sa2
Su Su Sal Su Su Sa2
(65-334) (320-469) (2313-2574) (65-334) (320-341)(2549-2619)
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Break and
recombined to Sa2
D Germline Sy E Su-Sy4
2.0kb — < Sy3 (1.8 kb) 0.5kb —
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1.2kb - ¥ Sy2
1.0 kb— \ (1.2 -1.3 kb)
M DL8 BL6 C1 Ramos Sy4 M DL8 N  Control 1 N M
(1.1 -1.2 kb)
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Figure 4. Aberrant CSR activities in DL8 tumor cells. DL8, a DLBCL sample carryir@etmeinnomutation and DH translocatid@&H/BCLand
MYC/IGHIBL6, a BL sample carrying46/IGH@translocation; C1/Control 1, a healthy individual as a control; Ramos, a human BL cell line carrying
anMYC/IGH(@translocation; M, molecular marker; N, negative cof@rak(témplate). All the gel pictures in this gure represent one experiment.

(A) Ampli cation of the full-length germlindr&gion (4.5 kb). (B) Ampli cation MS3\fragments. Five PCR reactions were run in parallel using DNA
from DL8 or the control sample. (C) Clonal-like and ongoing IgA switching in DL8. ThSAfpdigededits from B were sequenced, and the sche

matic structure of selected CSR junctions is presented. The proposeM®Mfi#ie8ombination event, shown on the left, involves trans-switching

of two SMregions. Small deletions around 8 &junction, insertions caused by trans-switching from the édthaliefe and sequential switching

to SR, can be observed (right). (D) Ampli cation of full-length ger@ége8s. The white bars indicate the positions d@thegi®ns. No@

could be ampli ed from DL8. (E) Ampli catiorMS @ fragments. No clonal or clonal-like legitimsi®® events could be identi ed in DL8.
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