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TH 1 RPMI—1640 15 77368597, HEK293T H8 10% 5 4= L3 1) DMEM #5323k 85 9%, ¥ 5 F 37 C.5% CO,
TR AR LR SRR T A A2 R 5 (short tandem repeat, STR)YEE I WA 52 J54A .
1.2 TR KT 25 R RO 22

K FH BTZ (v B R o s B0 (IR BE R I N 2530 R, 1555 SCHR[6—7 PDERGAE el R - SE LA
VR I BTZ XA T X804 K i SE AR it b b A B 24 h, B 3525 3 20 B 350k (0 AEim A /e o2 440 1
PR TG R LR SR e T, BT IC, RO JE BTZ 585355 S ik oy S0 T HRLiA 538
BT IR A AR A2 A5 OB A0 LR Wk B DI 6 4 H 3RS AR E T 253 & LP1/BTZ 5 MML.1S/BTZ,
15 24 4 L 55 3 R PR SR N 5 nmol /L BT Z LAGER it 24 380 .
1.3 FEXF S

P /K inh—02 FIIEERA 25 2%, 1 [ 25 [ MedChemExpress 23 7] ;RPMI1640 1 35 i Fl DMEM #5354 , 1l
[ 2% E Corning 23 7] ;RNF5 & . SPTLCT Hi& I GAPDH LA , 1 [ 21 =8 25 Wy A AT FRZA 7 ;ubiquitin
U KAS B Rt iz ZHuiA g H 251 Cell Signaling Technology 23 7l FLAG“M2—Peroxidase $/i{4¢ , It
H 3¢ [E Sigma—Aldrich 28 Fl;Cell Counting Kit—8 1 H , 3¢ [El MedChemExpress 23 w8 TRl &0 5,
W38 A REYF ARG RAF .
1.4 4RRRE 1 5 EH R B (1C,,) U E

KA EORH] & —S(cell counting kit—8, CCK—8)ik . BUWHEtA= K 4m it , BERh T 96 LA, i AR
WEBTZANH 72 h, it A CCK—8 IR & J5 il 450 nm WOGRE , 18 o JELR [0 4004 70— B g e
BIC,,. FAHR 3B AL, AL R 3K
1.5 37 =X 40 B AR 46 0 2 AR T

SRR ARV BTZ A SUEE , #4% Annexin V—FITC/PLI T #1500 &30 B e, 2= 4 Y
R IR T 20
1.6 BT EE PCR

TRIzol 2 BUE RNA, FU 554 . cDNA, SYBR  Green7£4T qPCR, L GAPDH N2, 2 Y5 E A
XfFEikE . 5 IFS) R RNFS , FiEs 1k 5~ AGAACGGCAAGAGTGTCCAG—3', Pl 14914 5—AAATGG—
GCTGGAATCCCCCTC—3,GAPDH, L5144 5—TCCTCCGGGTGATGCTTTTC-3', MiF5 |9k 5—
GCAGGAGGCATTGCTGATGA-3..
1.7 AR EEENIE

K H RIPA 2 i A2 BUS R |, MR 2 (bicinchoninic acid, BCAE A EELEm, FuEHsa+—
e R IR BN — SR DR I g B3 Jst L UK (sodium: dodecy! sulfate—polyacrylamide gel electrophoresis, SDS—PAGE)
I3 E R R R N IR Mi(polyvinylidene fluoride, PVDF)EE, BPAFUUIBET T, —ht, Hjsiib AU enhanced
chemiluminescence, ECL)E5,Image JKE 54T .
1.8 BFEEN SMNREMKS T RILMM RE

A3y BIFEEHE [ RNFS FISPTLCI %8 & & RNA(short hairpin RNA, shRNA) T Bk K AR i3 635
TR (ZS AR AT R, S B Y HEK293 T, AR I Tk 4 2 - T 1% s MIML 41 . DX MM 40 i i gk
YuitixE ALY | JRYY 5 DINERS 25 R SRR e TR A 2R | R SR E f PCR(quantitative real—
time PCR,qRT—PCR)5 Western blot J&iiE .shRNA T4 /751:shRNF5, CGGCAAGAGTGTCCAGTATGT;
shSPTLC1,GCAGCAGCTTTAGCATCTCTA.
1.9 REEITE RESRIES T

7E HEK293T 2 g s k7 FLAG FRZE %) RNFS, 244N A 5 R PT FLAG $UiEA 148 2T (Co—
IP). TILVE )48 SDS—PAGE 435 JF iR Y , VIHGE 5 25 A TR (i —FREX BT (liquid. chromatography—tandem
mass spectrometry, LC—MS/MS)% e HAES H;RNF5 5 SPTLC A AR F #E—25 i 4 X N T Co—
IP %HiE .
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BPEVLHE SPTLCL Ji ATz ZPUR G BN A 7 AR . B IR K ik HA #2577 R(HA—
Ub) K AH 5o (%) 240 B iR i B A A 71 MG 132(10 pmol /L)AREE 4—6 b DL LI EE A (AR 4 i ; il
J& TASVESRA T 24 A, 28 e DUvE & A0z AR 1, SDS—PAGE 43 5 )5 Uiz ZE i G BNl il H
FYEE A2 ZA0KF . B SPTLCL {2 ZERIE R, SR K48 R M7 R (K48—linkage—specific
polyubiquitin antibody )&l SPTLCT (1% K48 421 ZRAMABR; i#F— D5 KA (i I ANZ RAGAITRI(KASR) ,
K SPTLCL B2 Z ALK, LAKIK SPTLCL 1 2202 R 5521l KAS AR .
1.11 Zh¥E88

(D2 FRARERR A LP1-RNF5 KD Kod B2 M b T fe e s/ NS U5 T BTZ A #(BTZ
Z MR TR, R 0.5 mg/kg, B 20K, SR 257 58 I AR RN/ M T 3R e 460 5552 SCHARTS)) e B 2 e A

TSR E A BRSO R e P 68 Rl MERE NSG /N, 5 5T A M 30 e T 2R 2x 105 i 240 At (2

FRARFL100 pL)defhe A5 2—3 d bR~ RO IR K A2 S5 448, IR R B V=0.5 K e A2 T FF
SR 28 S 2 o ml MR AR R A B A ATEZC 52 000 mm”)HF 28 115256, Bifl s A A8 /IN BRI UACE g
HEUH TG

()R G MM B RG24 24 35T /N VReM Y C Y | BERIL 2 A B2 inh—02 12541 \BTZ+DMSO
Y0 BTZA4-inh—02 A2 . ANFE o B AR/ o bt BE R IO b B B ) £ A B, et a1 CD138
S AN bR 7 ) S B R A AR A A0 L TR [ SR AT B CT(micro—C TS, A8 /INGEE- (R FR
SPEBV/TV) S8 /NEEGE(Th.N)SESEL, kS 2% SCHR[9]. Firf s s 4850 56 s e B2 51 24t
1.12 it =253 47

K FH GraphPadPrism11 BEA7 07 . T 1HE ORI B AR 22 3R  BIZRIA] HUAS ) ¢ K6, 224 el F B R R
T 2250 A7 04 FH Kaplan—Meier 75 ¢ log—rank £ 55 . P<0.05 255 A Giit22 = L.
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2.1 RNF5 7£ BTZ i Z5 5 MM 4 A o i 3R 1%

K BTZ ey e B i wp b DA IR BE 4 205 b J 7 LP1 5 MMLIS () BTZ it 25 4 it R (1LP1 BTZ—
resistant(LP1-BR) . MM.1S BTZ—resistant(MM.1S—BR)). i =AML A o, AH[E 4 BE BTZ A3 T it 24 20 it
FIAT R AR T 25 A BUAH I, SR 25 A i (8] 1a). RNFS 76 PR 25 4 i H 9 mRNA 5 & K
SEAGEAE RA0I THES (B 1b—c). #1278 RNFS 5 MM % BTZ it 245 p= A= 415 .
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IOUFRCR . I RNES S5 24X BTZ 1) 1C,, % Wi ° MM-BR Lppm{ = . LPI—H-: B
fI€ GSARIF TR (] 2a-bLBTZAbHR R REE ° 2, roset o roont . &
YT R T G FAHIRR(E 20). T RSAE ¢ ?EZ% Ffﬁ &iﬂ ‘T | & &

LK RNFS S AL K g Rtk & 1 Rl R —— ] i
&
SN far g /N BRAE A7 A SE 4 (] 2d—e). R HH P &
1 4 5 LS
RNFSEMMMAABTZMES . ot it oy 250098 0%, b:qRT—PCR &8 RNFS mRNA
2.3 RNF5 5 SPTLCUFREEMRERAFHRE 100w westem blot Kl RNFS 81 515K F

SPTLC1 iz &L 11 1 RNF5 7£ BTZ fi{ 25 MM 4R f1 i & R34
1E HEK293T i %35 RNF5 517 Co— Fig.1 Elevated expression of RNFS in BTZ-resistant MM cells
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Fig.2 RNFS5 regulates BTZ sensitivity in MM cells
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FER A KA 4T FARABNM . Bt F5 4 ) e YA LR B KA L i AVZ R Fak OB (KAR) R KA (i s S A7 2
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Fig.3 RNFS interacts with SPTLC1,and SPTLC1 is ubiquitinated
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Fig.4 SPTLC1 regulates BTZ sensitivity in MM cells
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Fig.5 Inh-02 combined with BTZ enhances anti-myeloma efficacy and alleviates bone destruction
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Role and Mechanism of the RNF5—SPTLC1 Axis in Bortezomib
Resistance i Multiple Myeloma

Su Danchen, Liu Zhigiang
(Department of Physiology and Pathophysiology, School of Basic Medical Sciences, Tianjin Medical University,
Tianjin 300070, China)

Abstract: The role and underlying mechanisms of the E3 ubiquitin ligase ring finger protein 5 (RNF5) in
bortezomib (BTZ) resistance in multiple myeloma (MM) were investigated. To this end, BTZ-resistant MM
cell lines and MM cells with stable expression of target genes were established. Co—immunoprecipitation, mass
spectrometry, and ubiquitination assays were performed to identify and validate SPTLC1 as an interacting protein
of RNF5. Molecular and functional assays were conducted to evaluate the effects of RNF5 and SPTLCI1 on
BTZ sensitivity. In addition, a VkxMYC myeloma mouse model was established to assess the in vivo efficacy
of the RNF5 inhibitor inh—02 in enhancing BTZ sensitivity. The results showed that RNF5 expression was
significantly upregulated in BTZ—resistant MM cells compared with control cells. RNF5 knockdown increased
BTZ sensitivity and promoted apoptosis of MM cells, whereas RNF5 overexpression conferred BTZ resistance.
RNF5 interacted with SPTLC1 and promoted K48—linked ubiquitination of SPTLC1, thereby contributing to
BTZ resistance in MM. Combination treatment with inh—02 and BTZ significantly suppressed MM progression
and alleviated bone destruction in vivo. Collectively, RNF5 regulates SPTLC1 ubiquitination and degradation,
thereby contributing to BTZ sensitivity in MM. Targeting RNF5 may represent a potential therapeutic strategy
for overcoming BTZ resistance in MM.
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