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The cellular proto-oncogene c-RE T encodes a receptor-tyrosine kinase. The catalytic activities of Ret kinases as the products
of oncogene RET with multiple endocrine neoplasia type 2A (Ret-MENZ2A) or 2B (Ret-MENZ2B) mutations and the hybrid gene
from ¢-RET and RFP (Rfp-Ret) were higher than those of c-Ret. Here we demonstrate that ultraviolet light (UV) irradiation
induced activation of c-Ret and superactivation of genetically activated Ret-MENZ2A, Ret-MEN2B and Rfp-Ret. The UV-induced
activation and superactivation of Ret was closely associated with the redox reaction-mediated dimerization or polymerization of
the Ret proteins. UV also induced intracellular dimerization and activation of the extracellular domain-deleted mutant Ret (Ret-
PTC-1). Overexpression of Cu/Zn superoxide dismutase in cells due to gene transfection prevented the promotion of UV-mediated
dimerization and the superactivation of Ret-MEN2A kinase. These results suggest that the UV-induced intracellular oxidative

condition mediates dimerization and the activation of Ret kinases.
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Figure 1. Schematic illustration of mutant RET cDNA con-

structs.
(A) RET cDNA encoding a long (1114 amino acids) isoform in
which cysteine at codon 634 was replaced by arginine (C634R;
RET-MENZ2A), or methionine at codon 918 by threonine (M918T;
RET-MENZ2B). (B) Mutant RET cDNA encoding a long isoform in
which the extracellular domain was deleted (RET-PTC-1). RET-
PTC-1 in which cysteine at codon 365 or 376 was replaced
with alanine (Ret-TPC-1-C365A, Ret-TPC-1-C376A). SS, signal
sequence; CAD, cadherin-like domain; CYS, cysteine-rich region;
TM, transmembrane domain; TK1, tyrosine kinase domain 1; TK2,
tyrosine kinase domain 2; aa, amino acids. (B3 #k 1 & V) 5H)
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Figure 2. Comparison of kinase activity between c-Ret,
Ret-MENZ2A, and Ret-MENZ2B.
Lysates from NIH 3T3 cells transfected with c-
RET (lane 2 in A-C), RET-MEN2A (lane 3 in A-C)
or RET-MENZ2B (lane 4 in A-C) and non-transfected
control NIH 3T3 cells (lane 1 in A-C) were immuno-
precipitated with anti-Ret antibody. Then, those were
subjected either to Western blotting with anti-phos-
photyrosine antibody (A) or anti-Ret antibody (B) or to
in vitro kinase assay (C). SDS-PAGE was done in 5
% (A-B) or 13 % (C) polyacrylamide gel. pRet (doublet
band): autophosphorylated c-Ret, Ret-MEN2A or Ret-
MEN2B; pMBP: phosphorylated MBP. All measure-
ments were repeated 4 times with basically the same
results. Representative results are provided. (X

gk 1 & vBIMA)
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Figure 3. UV irradiation induces superactivation of mutant Ret.

Lysates from the NIH 3T3 cells transfected with c-RET (A-C), RET-
MENZ2A (D-F) or RET-MEN2B (G-l) after sham or UV irradiation were
immunoprecipitated with anti-Ret antibody, and the resulting immu-
noprecipitates were subjected either to Western blotting with anti-
phosphotyrosine antibody (A, D, G) or anti-Ret antibody (B, E, H) or to
in vitro kinase assay (C, F, I). SDS-PAGE was done in 5 % (A, B, D, E,
G, H) or 13 % (C, F, ) polyacrylamide gel. (A-l) lane 1: sham irradia-
tion; lane 2: 5 min after 600 J/m2 of UVB irradiation. pRet (doublet
band): autophosphorylated c-Ret (C), Ret-MENZ2A (F) or Ret-MEN2B
(1); PMBP: phosphorylated MBP. All measurements were repeated 3-4
times with basically the same results. Representative results are pro-
vided. The exposure times to X-ray film for autoradiography for Figure
A, D and G, and for Figure C, F and | were adjusted to develop bands
with comparable density for lane 1 as sham irradiated control; see
Figure 2 for comparison of the density of bands among c-Ret, Ret-
MEN2A and Ret-MEN2B which were developed by the same expo-
sure time. (&EX@t 1 £V 5H)
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Figure 4 UV irradiation promotes phosphorylation of MAPK family
and c-Jun.
Lysates from the NIH 3T3 cells transfected with ¢c-RET (lane 2 in
A-H) or RET-MEN2A (lane 3 in A-H, lane 4 and 5 in I-L) and non-
transfected control NIH 3T3 cells (lane 1 in A-H) without stimula-
tion (lane 1-3 in A-H, lane 4 in I-L) or 10 min after 600 J/m? of
UVB irradiation (lane 5 in I-L) were subjected to Western blotting
with anti-ERK (A), anti-phospho-ERK (E, I), anti-JNK (B), anti-phos-
pho-JNK (F, J), anti-p38 (C), anti-phospho-p38 (G, K), anti-c-Jun
(D) and anti-phospho-c-Jun (H, L) antibodies. SDS-PAGE was done
in 10 % polyacrylamide gel (A-L). All measurements were repeated
3 times with basically the same results. Representative results are
provided. (ZEX#k 1 &V 5(H)
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Figure 5 UV promotes dimerization of c-Ret.

Lysates from NIH 3T3 cells transfected with c-
RET after sham or UV irradiation were subjected to
Western blotting with anti-Ret antibody (A, B) or to
in vitro kinase assay (C-E) after immunoprecipitation
with anti-Ret antibody. SDS-PAGE was done under
reducing (A, C, E) or unreducing (B, D) conditions
in 5 % (A-D) or 13 % (E) polyacrylamide gel. (A-D)
lane 1: sham irradiation; lane 2: 5 min after 600 J/
m?2 of UVB irradiation. (E) Ret proteins were immu-
noprecipitated from the lysate of the transfectants
that had received 600 J/m? of UVB irradiation 5
min before. The immunoprecipitated Ret proteins
were untreated (lane 1) or treated with 5% 2ME for
30 min (lane 2), followed by 5 times washing for
removing 2ME, and then subjected to in vitro kinase
assay. pRet (doublet band): autophosphorylated c-
Ret; pMBP: phosphorylated MBP; M: monomer Ret;
D: dimer Ret. All measurements were repeated 3
times with basically the same results. Representa-
tive results are provided. (ZEX#k 1 &£ 35IH)
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Figure 6. UV promotes dimerization of Ret-MEN2A and Ret-
MENZ2B.
Lysates from NIH 3T3 cells transfected with RET-MEN2A (A-
E) or RET-MENZ2B (F-I) after sham or UV irradiation were sub-
jected either to Western blotting with anti-Ret antibody (A, B, F,
G) or to in vitro kinase assay (C, D, E, H, |) after immunopre-
cipitation with anti-Ret antibody. SDS-PAGE was done under
reducing (A, C, E, F, H) or unreducing (B, D, G, I) conditions
in 5 % polyacrylamide gel. (E) The dimerized bands in D were
cut out from the gel and separated under reducing condition.
(A-l) lane 1: sham irradiation; lane 2: 5 min after 600 J/m2
of UVB irradiation. M: monomer Ret; D: dimer Ret. For direct
comparison of kinase activity between Ret-MEN2A and Ret-
MENZ2B, see Figure 2. All measurements were repeated 3
times with basically the same results. Representative results
are provided. (ZEX#k 1 £V 5|H)
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Figure 7. UV promotes activation and dimerization of extracel-
lular domain-deleted Ret.
Lysates from NIH 3T3 cells transfected with RET-PTC-1 after
sham or UV irradiation were analyzed either by Western blot-
ting with anti-Ret antibody (B, C) or in vitro kinase assay after
immunoprecipitation with anti-Ret antibody (A, D, E). SDS-
PAGE was done under reducing (A, B, D) or unreducing (C, E)
conditions in 7 % (B-E) or 13 % (A) polyacrylamide gel. (A-E)
lane 1: sham irradiation; lane 2: 5 min after 600 J/m? of UVB
irradiation. M: monomer Ret; D: dimer Ret. All measurements
were repeated 3 times with basically the same results. Repre-
sentative results are provided. (BE3#Et 1 &£ W5|H)
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Figure 8. UV does not promote activation and dimerization of

extracellular domain-deleted Ret whose cysteine 376 was
replaced with alanine.
Lysates from NIH 3T3 cells transfected with original RET-
TPC-1 (lane 4 in D and E), RET-TPC-1-C365A (A, lane 1
in C, lane 1-3 in D) and RET-TPC-1-C376A (B, lane 2 in C,
lane 1-3 in E) after sham or UV irradiation were analyzed
either by in vitro kinase assay after immunoprecipitation
with anti-Ret antibody (A, B) or by Western blotting with
anti-Ret antibody (C-E). SDS-PAGE was done under reduc-
ing (A-C) or unreducing (D-E) conditions in 8 % (C-E) or 13
% (A, B) polyacrylamide gel. (A, B) lane 1: sham irradiation;
lanes 2-4: 5 min (lane 2), 10 min (lane 3) and 15 min (lane
4) after 600 J/m® of UVB irradiation. (D, E) lane 1 and
4: sham irradiation; lanes 2-3: 5 min (lane 2) and 15 min
(lane 3) after 600 J/m? of UVB. pRet: autophosphorylated
Ret-TPC-1-C365A (A) or Ret-TPC-1-C376A (B); pMBP:
phosphorylated MBP. M: monomer Ret; D: dimer Ret. All
measurements were repeated 3 times with basically the
same results. Representative results are provided. (&£
k1 £YEIH)
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Figure 9. Over-expression of SOD1 in cells prevents UV-
mediated superactivation of Ret.
Lysates from the HA-SOD1" (C, lane 1 in A and B) or HA-
SOD1" (D, E, lane 2 in A and B) NIH 3T3 cells trans-
fected with Ret-MEN2A were analyzed either by Western
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