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RET Fusion in Lung Adenocarcinoma

FIGURE 4. Molecular processes underlying RET
gene fusions in LADC and PTC. Different processes
are involved in RET fusion in different tumor types.
Both reciprocal and nonreciprocal inversions occur
in LADC. In LADC, BIR and NHE] are responsible for
DNA end joining in reciprocal inversion, whereas
NHE] is exclusively involved in nonreciprocal inver-
sion. In PTC, reciprocal inversion by NHEJ is domi-
nant. LADC, lung adenocarcinoma; PTC, papillary
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thyroid carcinoma; NHEJ, nonhomologous end
joining; BIR, break-induced replication.

DSBs, which occurs in the context of irradiation, may increase
the likelihood of illegitimate repair generating RET fusion. On
the other hand, in LADC, both DSBs and single-strand breaks
formed by multiple causes might trigger rearrangements by
multiple DNA repair pathways. The high frequency of non-
reciprocal inversion also distinguishes LADC from PTC, for
previous study revealed that RET fusions result from recip-
rocal inversion in most cases (43 of 47, 91%).'*!* Frequent
nonreciprocal inversion is consistent with the observation that
KIF5B-RET fusion-positive tumors contain deletions of the 5
part of RET, as revealed by FISH staining patterns.’ The pres-
ent study provides a molecular basis for such a distinct FISH
finding and will help to define the criteria used to diagnose
RET-fusion-positive LADC. Interestingly, FISH analysis also
revealed that another driver mutation, EML4-ALK fusion, in
LADC, caused by a paracentric inversion of chromosome 2,
also involves deletion of the 5" region of the ALK oncogene
locus.?**! Although the structures of breakpoint junctions of
ALK fusions have not been characterized to the best of our
knowledge, these results indicate that a significant fraction of
chromosome inversions that cause oncogenic fusions in lung
cancer are likely to be nonreciprocal.

Finally, a few issues remain to be elucidated regarding the
molecular processes generating oncogenic RET fusions. First,
although this and previous PTC studies imply that the 2.0-kb
region spanning the RE7 exon 11 to intron 11 region is suscep-
tible to DNA strand breaks, the underlying mechanisms remain
unknown. For, this region does not exhibit distinctive features
known to make DNA susceptible to breaks (Supplementary
Fig. 3, Supplementary Digital Content 3, http://links.lww.com/
JTO/A543; details in Supplementary Notes, Supplementary
Digital Content 2, http://links.lww.com/JTO/A542). Second,
the etiological factors that cause DNA strand breaks, and the
factors that determine reciprocal or nonreciprocal inversion
and selection of DNA repair pathways, also remain unknown.
The mode of joining and breakpoint distribution was irrespec-
tive of smoking history, and therefore, DNA damage due to
smoking is unlikely to be an important factor. The fact that
RET fusions are more frequent in LADC of never-smokers
than in that of ever-smokers indicates that undefined etiologi-
cal factors play major roles in the occurrence of RET fusions.
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