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Methods Based on retrospective clinical data from 456 non-small cell lung cancer (NSCLC) patients
admitted in the Second Affiliated Hospital of Army Medical University from January 2019 to June 2022, a
fusion gene, RELCH-RET, was identified as a research target. Three cell models were established: negative
control (HBE VC, transfected with empty lentiviral vector), RET control (HBE RET, transfected with lentiviral
overexpression vector of Flag-RET), and experimental group (HBE RELCH-RET, transfected with lentiviral
overexpression vector of Flag-RELCH-RET). MTS assay and Transwell assay were used to detect cell
proliferation and migratory and invasive abilities. In vivo tumorigenicity of the 3 cell models was assessed in
15 female non-obese diabetic/severe combined immunodeficiency (NOD/SCID) mice (SPF grade, 4 weeks old,
weighing 15. 1+0. 4 ¢) via subcutaneous xenograft experiments, with 5 animals in each group. Western
blotting was employed to detect the autophosphorylation of RET (Y905) and the phosphorylation of
downstream signaling proteins ERK1/2, EGFR (Y845) and STAT3 (Y705). Dimerization and multimerization
status of RELCH-RET were analyzed by chemical cross-linking (DTME treatment) in combination with
blotting, with the reversibility being
Results There were 3 cases carrying RELCH-RET fusion gene screened out from the 469 NSCLC patients.
Compared with the HBE VC and HBE RET groups, the HBE RELCH-RET group exhibited significantly
enhanced cell proliferation (P<0.01), and acquired migratory and invasive abilities (P<0.01), while the

Western confirmed through de-cross-linking experiments.

control groups did not demonstrate the abilities. In the mouse xenograft tumor model, HBE cells stably
expressing RELCH-RET developed significant tumor nodules (P<0. 001), whereas the control groups (empty
vector and wild-type RET) failed to exhibit detectable tumor growth. Western blotting revealed that RELCH-
RET could induce the autophosphorylation of the RET tyrosine residue (Y905) and significantly up-regulate
the phosphorylation levels of ERK1/2, EGFR (Y845), and STAT3 (Y705) proteins. Chemical cross-linking
combined with Western blot analysis demonstrated that RELCH-RET formed a dimer (~170 kDa) in HBE
cells, which is reversibly dissociated into monomers upon decross-linking treatment. Conclusion The novel
fusion gene RELCH-RET, promotes ligand-independent dimerization/oligomerization, thereby mediating RET
autophosphorylation, subsequently activates the downstream typical RET signaling pathway and ultimately
drives the malignant transformation of normal HBE cells.
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N 9% 1) RAS/MAPK , JNK | PI3K/AKT ., JAK/STAT . PKA
LBz PKC 5505530 5, DA TG ff 98 42 200 i 1) 384 5 2
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A R R 2 388 8 43 B i 5 A R A T e s B
NSCLC # # 3% R 0 B8 | 45 & B A1 s 6 4
B % B NSCLC 42 3 1 il 4 5% ] . RELCH-
RET, il &7 8 5 90 & B2 1Y — B0tk , ¥ i RELCH
FERER 10 54N T 5 RET FE RS 12 5401 &
ARlA (R10:R12) o IRl 88 I N sl 2 >4 il
12 (coiled-coil , CC) 5 F38 (197-231 F1 359-397 41 44,
FR ) LA K — A~ TG 1 1 R R S vk TR R
(lissencephaly type-specific homology, LisH) % #4 1
(255-287 i 2 FL 1R ) 5 [, H C o R B 1 52 % (1) RET
ik 0 T TR T 45 W 5 (P T P A X BB A A TE R
TR Z R RIEE BT T E
JITA FH SR K 3 45 BB 1 35 DR ARG I B8l o, 28 oK
MR RELCH-RET fh 5 LA A1 ) HAth 2 U BK 5y I K] 5 A5
Rl I RELCH-RET W] fig i NSCLC & A= (I 7F
IR SR, 55T Y EZ A SE DR 8 GRS BT B
I, H A B AL B = A ik N AR 5 Fl
LRI W E Y2 E DI RE R IT TR 5E

1 #R5FE

L1 e

111 MELIRH]  RPMI 1640 5557 5E  PBS Z2f
W BRI E 95 [ Gibeo 23 H L IR 2R L5 W 1 & [
ZETA LIFE A 5 1XPBST 2% thif 75 -4 25 2 4 [ o
LS 25 F] s Transwell /% (6 fLHRL  Matrigel 35 5%
96 FLARIA FI 5 [ T2 Fl 5 B IR EE (dithiothreitol,
DTT) . 4 24 . SDS-PAGE % i bk e #3857 45
T T A 1) 57 (phenylmethylsulfonyl fluoride , PMSF) .
4 e T L R (dimethyl sulfoxide , DMSO) i A
AR A AT BARA L (polyvinylidene fluoride,
PVDF) 0 F B -1 %7 [ 28 7 5 4627 % 6 (enhanced
chemiluminescence , ECL) 4 H Jt. 5% Solarbio 23 #] ; anti-
RET . anti-pRET 4 F 3& [ Cell Signaling Technology 2
], anti-B-ACTIN ,anti-Flag.anti-ERK1/2 anti-pERK1/2
anti-STAT3, anti-pSTAT3 (Y705) . anti-EGFR. anti-
pEGFR(Y845) HRP —Hi#44 [ 27X Proteintech 23 F] 5
T AL - WU S Bk I £, %98 (dithiobismaleimidoethane ,
DTME ) 5 [ 2 [E] Thermo Fisher Scientific 23 &) ; MTS 4
JHu 3 FEAS I 70 W H 28 [ Sigma-Aldrich 23 F o

112 IeREERIE BdE i cTiz g 28

I A7 2% 22 (fluorescence in situ hybridization, FISH)

G0 P R DR ARG i L ZH U B T R, 24 PR e
T 1 RGESGEARIARS R G T 0, I RS N 2019 4F
1 H 202246 7 ,3k469 ], BENS NEEIEXL
ANER S AR SR S LT U A A A A, HEBR E
GBI e . — A T 8 IS R D) —
AT E B, G 2 = e R B
AL, IO R B B R . AR AT 20 i 42 72 2 Ko
5 R BEBE AR 2 B 23t HE (EC2022-219-01)
1.3 SCGshy 15 4 JE M I e A R s/
T HBCA Ha ZE B (non-obese diabetic/severe combined
immunodeficiency, NOD/SCID ) /)N fUE B Jb 50 4 i F1] 4
OS] R (15, 120. 4) g, 11 37 TRl 4242 K458 —
Wi R 1% e S 36 sl o SPR 48 s IR (22+1)°C,
TR 50%~60%, 12 h VG HE/ZRBEIE IR, A 48 2 1R Rk 2
KK, SEBRTAE W R 3% 5~7 d.o

11,4 SCI 4 i N2 A LK 40 M (human
bronchial epithelial, HBE ) 4 [ H [ 35 38 145 23 Al |, i
RPMI 1640 5535 5L (& 10%FBS K 1% W) #5535 .

1.2 Fi&

1.2.1 RELCH-RET @4 3 H & 31 5 18 9% 35 74 &
FE T e PR T g A5 AR 11 o 0 0 5 1, 0 /2 RELCH 3
1-10 548 i F5 RET H: R 12540 8 7 28 37 i (1)
AW R B R P S E RET 2 1F %5 5% F 1 4 A
FLAG #74% (DYKDDDDK) , 3 Z4E b i A= T A= Wi ik
oA B, TP IE 0 0 4 A 208 0 1 R IR 2k pLV
[Expl-EGFP:T2A : Puro-EF 1 A U2 TE A 5, 5344
i S 5 A 4 S AR R BRI S B R P e
R (T2A 73B@ ) He3R35 . e i LA TAEY) A F)
SERLLEIE S, VC:8%10° TU/mL, RET:2x10° TU/mL,
RELCH-RET:5x10° TU/mL.

1.2.2 AUssR U ¥ HBEANMILL4x10° 1AL
%% B F A 6 FLAR, BEE 3 N E AL, it A 5%C0,.37 °C
fEIR AN FRAE TP 3R . 2024 hm , S 4N %% 1k 5]
60%~70% , B 4 % 572 55 , &L 53 N A 20 pL Flag-RET
1 K18 9% B .20 wL Flag-RELCH-RET i % 3k 12 9%
BF 20 WL A 4R EE , 5 5% 24 h 5 FEERA B K O vt
WePE A1 pg/ml, FREE vk 48~72 h ELE TCAIMIFET- .
# ¥4 2 i 2 i) HBE VC . HBE RET.HBE RELCH-RET
Y RE 7% T % 10%FBS K 1% XA HY RPMI 1640 £ 7%
B BT 5%C0,.37 “CERA TS24 T, 7 K e
D

1.2.3 Western blot ¥l 41 Btg 24 £ W A0 PMSF #%
100: 1 FL IR A, BGE TR A SR I A L & 1 o AR i
TR U8 IH 1 B B 4 SDS-PAGE BE R 5 , 42 B 26 1
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PEATHL K . JEHEE 90 V 20 min, i ¥ 554 120 V
30 min, MMJGFEIE T 150 mA 2 h S 5E 3 PDVF J5AE
iR N H 3%BSA E 4] 1 h, 5254 )5 & THE K PBST
Pk 2~3 YK, BEIK 3~5 min, MILAFZHT AL 45 P 4 i) —
i, 4 CMFE R . FHPBST VL 2~3 YK, 4K 3~5 min,
PEFEAIE 9 1:2 000 HRP bRic 09 P fEF2 R L, F
FIRAFWFE 1 h, PBST PR 2~3 K, B:IK 3~5 min, fix
JE i ECL &G s I

1.2.4 MTSK:IZNMas4sE 404k 2 000 4~/FL4%
Fl o6 fLAR B4 E SN E AL R S, RRARiE
T BE 5 1E 1 M 5 4w 5 95 2 MTS ¥ W5 & 10%FBS
() 1640 5¢ 4 55 FE 34 1: 9 AR FLHLIR & (10 p MTS
W90 pWLEFFRIL)  BEFLIA 100 wLIR AW, e T
G M5 FRAR 1 b A AR SO FE AR AE 490 nm % K
Qb 1) S B AT I . SESE S d R — B2, B2
TIPTS5 5

1.2.5 Transwell iIT 8 M 2285056 B A KA Al
ML AL S I JC I 3 B R 5 ik AT R IR ¥
fLA2M 8 um 19 Transwell /NZECE T 6 fLAR P, 4H g F%
3x10° AN/AL, i 2 mL G i i K 7 R B 5, A &
TR S ; 2 R L W T JeAE b R R
MY 2 TS, Matrigel 38 5 ¢ 5 JC I T 3% 7 564 ¢ L il
W18, 4 FE 3x10°A/FL , f FH 2 mL JC Il 75 45 7 i
BJE AT EE AR S TR T E AN
10%FBS ) RPMI 1640 35 5558 1 mL, ¥ 6 FLAR & T-40 i
BR AR 48 hF U /NG SR IR PBS T P 2~3 1K
Ji 11 4% 22 B WV RS 8] 5 15 min, 15 V55 FH 45 il 48 e 5,
15 min, A/ N N ARG FH PBS Pl i 58, b
5 B TOhs s R,

1.2.6 /MRETHREERE  BERRSRIFYH
W A5 T8, B 2 5x10°4~, F 200 WL PBS & 5 i
SE/NURTI AR T (n=5) . BHFf 3 RMEE/ N KR
A, 5B TR U 5 T L I g A (L) A AR (W)
FAE AT AT EARBL(V) - V=IxW22, R s ik
KA 15 mm )5, I8 S 1% 5 HEZ40 (10 pl/g) jR
/I B 25 OB O S ST 2R, St UM A vk 2 SR A
B KN AR T MR SE T L R A S 10% R
IR MRS R AT 15 o e g 4 2L 45 A B )
JE AT S 2 AR 98 AR -1 (hematoxylin-eosin |
HE ) 4 {0} Bl JR - i - B R 25 9% (alcian blue-periodic
acid-schiff, AB-PAS) Y, . ASHIF 5% 8 il 4242 e K2 5%
55 sh )10 B A 2 S A ifE (AMUWEC2020475) .
1.2.7 AB-PASZ:®  Baisd) v = AR
JERIRIZE A 100% .95% . 70% 2. , 4% 5 min, 2518 7K

MYE 1~2 min, #HEHF BV F IR A Alcian Blue 44 {4 %
(pH=2.5) "1 30 min, ZZIHK WP B o R A 1% 1o fill
TRV, 58 AE 5~10 min, FHZEIR/K P EE) A 1~2 min,
P U A Schiff 370 1, 4448, 15~20 min, FH Ktk
ARG . KK FE A 70% .95% . 100% .1
o, &K 5 ming PR RA ZH 2R HIE WAL, BRIR
5 min, FE 2~3, THERIRE A5 BB T UL .
1.2.8 HE 41 A 85U R RS S B T
(70% .80% .95% . 100% ) % /K AL 45 5 min, ZE1F 7K o
BE 1 min, 5 AKE YL 5 min, WK wh ¥k LRI 6O,
1% 8T8 B0 5 s, oK vh e E YRR i . H25 H
0. 5% LT YL 52 Y 3 min, ZEAE /K P T VE 2 A YL
IR 28 70% .80% .95% . 100% 6 FE 7, Bl /K % 30 s, —
FRE B I TP R I
1.2.9 HuEdgubedes AU R B B
ORI AKAL . 0. 01 mol/L 716 1R £ 2% b ik (pH=
6.0),95 “C/KIEMA 20 min, PBSEEYE 2K . [ 3%H,0,
Z R PEF 10 min, PBS MYk J5 H 5% BSA = i 3 4]
30 min, J PBSIEVEGTEYI A B fm—dt,4 CHEH
139, PBSEEPE 3 UK, I HRPFRIC —PT, IR H 1 h,
PBS 1) JiE 35 5, W i DAB 8 (i EE R s A
IR, W agak 5 2R mK vk, s HIRAR
FE Y1 min, 3R L RESL, BEEE S BEROK . VIR &
THOREMEE R
1.2.10 fb2PscBRRIfi#sc B S S 4% HBE RELCH-
RET 4 #2250 & 6 FLA (3N E AL, Frai il &
ik 80% Ji FrHE IR, FHPBS TR Ve 2 k. Hid 14LIMA
1 mL DMSO fE R %t B8, 55 2 LA A 1 mL 4% 2 mmol/L,
DTME f) DMSO ¥ ,37 ‘CH¥ & 1 ho I HE LR, 57
DMSO K H:H 1 FL DTME ¥, 45 A 1 mL PBS, 1
J& 43 1FL DTME 39, 1 PBS TS TESG INA 1 mL &
10 mmol/L DTT i) DMSO iAW AR 220 5 1 ho FifiJ5 24 i
NI HEE A |, #% Western blot 3256 A R ¥AE . [RIET,
HIHBE RET 4 E 42 LI AH R SE DRV E it B SS
1.3 “itF o

{#i] GraphPad Prism 8. 02K, “RHISPSS 27. 0
BAFGEA o A g, T PR wxs TR, BT[] LE 3K
it AR ST AR AS ¢ K 30 3 A, 22 40 ) LB fii S R 2R
50T A IRARIE R a=0. 05,

2 #R

2.1 NSCLC %% & h 34 RELCH-RET A 7 % %
2 A 445 3 | L RELCH-RET 3 ml4 3 R
NSCLC &, AR - KAy o , i k3 467 F 2 il
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HE Y (55 5L 3 0, 3451 s 359 hy v il 2 268 Y M o, o
ML EAR—  Fh s B iR E . Hp g2
(L2045 T AT L K ok 286 R R A, I mT L 28 v i)
(I 1A) . g 2 20 60 FISH #6045 5 58 oR |, 206,56
R PRICI RET B4R (5'%0) 5 4 0O R Anic iy
RELCH SEPRFRAEF (3" ) A2 G 0 i b % A 3 v, B Al
WA S ARG S5ES (K IB), RWRET 5
RELCH S& H Ml A48 e e AR N EE HE/mh & o Il S 1A
2 45 7R, A A B0 H A 9K s JE A HE B R A B 28 AR
TOle XL IMAGIESL T RELCH-RET il & 3L 1E
NSCLC i BLSCAEAE T oA 5 220 58 il & S5 IR
Fow AL P T B I RAE AR LA

B

2.2 #& % it kA RELCH-RET# HBE %8 j2.38 35 4 /)
BEMBFRF IS FIZERED

R EE N T IR HOR  7E HBE 41 g 43
) 3t ik B A= B Flag-RET & Flag-RELCH-RET,
Western blot 73 #7 .7 , #F 4= B RET & ) 70 2298
150 kDa, 1fif RELCH-RET filt 52 [ 0] 24 85 kDa([&] 2A) .
kA B E MR A LA T S IE & 3, RELCH-RET
A& B F Rk 85 kDa( 18] 2B) , BRIl & & F 7Rk
AN —F0, MTS 240 38 o8 A i v 45 R o, 5
X BB ZH AH L, it %63k RELCH-RET &) HBE 41 Jifd 14 % fig
J10 ZE R (P<0. 01) ; BP A= B RET o Rk 21 G FE fig
J1 T A 341 (P<0. 01, 1K 20) , $ R BR 2 v

500 pm

500 pm

RELCH

RELCH-RET

500 pm

RET

5 Exoni-11 Exon12-20 | 3

Exon12-20 3

B

A:BFERCT YL S B2 HE £ 6 BB /B AR FISHA N 2 2 & RELCH A WA= RETA R 2 FEH=EE

E1 3% RELCH-RETRE&PAMENSCLC 2E MG F HARER S FHINER
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WG SRAE SN, RET 26 IR FIDIR ST, L 20 1R 1 il
T PR T RE X At M 3 A LA IR . i — 2Pl
i Transwell i£ %% 5 {2 22 5250 & PR, 12 @il - 3 (A ] fifi
HBE 4l K158 S 1R 28 RE T, i RET i 323k 41 A
PEXT HRZ A B O A (P<0. 01, LK1 2D \E) .
RG] RELCH-RET Bl 4 JL RS AE 33 40 At 4
B, i8I IE H HBE 003k A5 R SR 28/ ), 1 X —
R 5 e 0 R 2 DDA G
2.3 RELCH-RET T 3% %) HBE % Jio & % T W 340 5
T A AT
W RELCH-RET il 5 52 UTE K Y X HBE 24 Jifd

A AL K IR T R SR S, AR AE 5 A A S
Pl R R A AL R AT B0 . B R A2 13 38 RELCH-RET
i) HBE 2 jg | 2E 78 RET 1 32 35 1) HBE 4 Jifd J& =5 %
XT HE ) HBE 41 j 23 5114280 F NOD/SCID /)N ERUA 55 )
W o 4559 BR , RELCH-RET 3 353k 40 e & e 22 Hy
100% , 111 BF A= B RET 41 K 78 2800F REZH 34 24 D Jieb g A= it
(F3A) . s R MRARA /R, HBE RELCH-RET 415
PR AHINZ5 5 (B 3B) , P-4 i i (0. 27+0. 02) g,
N T R4 (P<0. 001, & 3C) , s A K ih 28 3k
—IF S HBE RELCH-RET 41988 1% 1] Bt i) i) e 3k 185 <
(P<0.001,E3D), HLVRE2EHT TR, HE G2 n] 1

1.5

HBE —4—HBE VC
Vcb B MR AL —&— HBE RET
s L 1 2
o f Q\rs’o A o —4— HBE RELCH-RET
(85% 10%) o ~ a
RET T 3 a
(150x 10%) — ; n RELCH ﬁ- =
¥ y 2 3
RELCHRET b € (140x10%) 0o a
(150 x 103)
B-actin peactin
(44x10%)
A B 0 T ‘|‘ %
IR 1] /d C
150 =
a
HBE VC HBE RET HBE RELCH-RET —
o . ‘ l
100
.<:
m
&
=)
F 54
0
«© Q&« N
) D
‘3& Q&@ Q&\)C?‘
«82?’
80 — a
HBE VC HBE RET HBE RELCH-RET f 7 )
ze e —
60 -
<_ A
=
& 40 A
=2
g
20 -
0 CI ;I_ g
<
< & &
‘Sb Q@’Q’ @\,Cb E
Q&Q’
a:P<0.01
A: %8 e P RET . RELCH-RET %& & #) Western blot # | ; B: NSCLC % & it 8 26 4% ¥ RET.RELCH & RELCH-RET % & ¢
Western blot #) ; C: MTS & # ) & B8 20 & 52 36 20 20 f 09 38 34 48 7 ; D : Transwell #F 4% 3 BB 20 & 2 3o 4 09 £ 45 Ak

713 E : Transwell 745 5T B 4L B 52 B 20 6942 2 48 A

2 RELCH-RET & EBHWRIEREERIE
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i Jed 2 i S ok 2 PR S AR HE S, A £T (Rl B, i 2 2.4 RELCH-RET @& 4% & F 2 RET A &% 82 1L 5 %
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