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Mechanism of bortezomib inhibits the proliferation of multiple

myeloma cells by blocking autophagosome pathway

SHI Xiaomin, WANG Wei, MA Mingshuai, ZHANG Rongjuan, HAO Changlai,

YANG Xinhong, XING Enhong, WANG Lihong, ZHANG Zhihua™
(Department of Hematology, Affiliated Hospital of Chengde Medical College, Chengde 067000, China)

Abstract: To investigate the inhibitory effect of bortezomib on the proliferation of multiple myeloma cell
lines and the possible mechanism of autophagic lysosomal pathway, multiple myeloma cell lines RPMI8226
and U266 were cultured in vitro, and cell proliferation was detected by CCK-8 method. Western blot and RT-
PCR were used to detect the protein and RNA expression levels of autophagy related factors LC3, lysosome
related factors LAMP1, and autophagy lysosome fusion related factors STX17, SNAP29 and VAMPS. The
fluorescence intensity of LC3 was detected by immunofluorescence method. The quantity of lysosome was
observed by lysosome probe. Acridine orange staining was used to observe the number of acidic bodies.
Bortezomib had proliferation inhibition on RPMI8226 and U266 cell lines, and for inhibition increased with

WS EE: 2024-04-03

EEWB: WIbd BARIEEE ST H (H2022406041)
F—1E#&: Email: 2371050200@qq.com

*BIE{E&: Email: zzhangzhihua@163.com


https://doi.org/10.13488/j.smhx.20240243
https://doi.org/10.13488/j.smhx.20240243

- 1488 -

CEMILEY 202452448581 Fw

the increase of time and concentration (P<0.05). Bortezomib enhanced the expression of LC3 protein, RNA

and fluorescence, decreased the expression level of LC3-1I/LC3- 1 protein (P<0.05), increased the protein

expression of LAMP1 (P<0.05), and increased the number of lysosomes. The protein and RNA expressions of
STX17, SNAP29 and VAMPS8 were decreased (P<0.05). Acridine orange results showed that bortezomib

inhibited the fusion process of autophagosomal lysosomes. Bortezomib can inhibit the proliferation of multiple

myeloma cells, and the blocking of autophagy pathway may be one of the mechanisms of its anti-tumor action.

Bortezomib can block the autophagy pathway and cause the accumulation of autophagosome and lysosome,

which may be caused by blocking the fusion of autophagosome lysosome.

Key Words: multiple myeloma; autophagy; lysosome; bortezomib

% R B8R (multiple myeloma, MM) & & #if
I 2 A e o e, FG e PR 3 I 4 o AR
WL AT e FMAE DR sz 45, T E R
BEN S AREEMAERE . KRBT
MMig #2502 —, HHIMMZE R = ZEHL |
A% K F-xB(nuclear factor kappa-B, NF-kB)
BIVEPE b p 5 3RO 22 R IR s A R T
(mitogen-activated protein kinase, MAPK)if 17 3
AU T, T A 5T A O A R 1 Al i R A
F ~ 0 M 80 40 PR SR 8 R0 i 8 AR . R R
W, BWENLHES 5MMIT R A K EAGTT ISR,
IR LB R 40 i A A7 AR R DL e A
JLFH T B RS AR K A T R, AR DA
TR BWRMELR. ARAEKTELR. BRES
BEEARRRS R REM. H, BRAR ST
il K P il 5 2 B MR T R G B, RS R A
T B0 (¥ LT % Ao AR A0 R (AR

FLRT, SR e KA T 2 R Vi R
FIAHRIIE A 83, K2 8O 78 A s BRAE 3 R4
(LC3. Beclin-1)0Tml 7 fig A 7 i, i o L g ot
HIRE S AR . AT T RsERE R B2
FER B Ve AR T MM R FERIAE FIDLE], A 508
B e KA FH T MM bk, 22504 F &
AR BB R A ANE DL R AV Bl AR Rl S
L, R VKR T MM e SR 1) [ RV 1
BRZ 5P, CUHENE 7K G 57 MM AL
B9 S 1 W b A F SR L B0 22 R B A A

1 #RE7FE

1.1 (Y EEFnitF
RPMI8226F1U2664H ity H H 35 A 5% [l 2 Wi A=

MIEARE AR AT . W KORAS mg/>2,
“$S1013). Bafilomycin A1(if&1 mg/, H5
S1413)04 H Selleck A& . %&HTALC3. LAMPI.
STX17. SNAP29. VAMPS .77 [ 471144 [ Abcam
AT, B-actinFLTLEPIA. FPrR P, HWOLH
[ABflo®594-conjugated Goat Anti-Rabbit IgG(H+L)]
) 5 Abclonal A &l . HY BERE . ¥ B ARIRET (Lyso-
Tracker-Red)lW H 32 = RAEWHFAF R A . Cell
Counting Kit-8(CCK-8)/%J HDOJINDOA F] . BCA
| AW R & W E Solarbio A 7]« TRIzoliR 71
HInvitrogena A o i & H TIANGEN 2
A, 5|9 H BebolabsA & . RPMI-1640%5 773 .
Jifi 4 3% 14 H Procell A 7] o SER & S PCRAUIA H
Invitrogen’A ] . DYY-6CHLIKAE H AL TS —44)
RHAMR AR . OLYMPUS BX607%¢ % 5 iM% 1 [
Olympus’A ]

1.2 ik

12.1 fmipdEsk

& B 10%06 4 & FRPMI-16405¢ £ 15 97
FH R IERPMIS226 U266 40 iU #k . ¥ H & T
37°C. &H5% COMGFFE T, FRidk AT % Mt
¥R .

1.2.2  CCK-8ik A& il 4% 4 K 3F MM £m i 36 78 64
EAC)

W ot A K U A0 R A 6 < 1O/ FLI Fie 2 %
B, PAREFL100 pLEEFP 2|96 FLAR H1 . SR 2H(As):
LA it 5 25 0 A AR EE A 9 11 BL 451 s RS 40 i 25 4 VR
BT 96ILIRN, 2GRN W& oK
(3~ 6~ 9+ 12, 15nmol/L), #¥&H12h. 24 h. 48 h,
SR ZH(Ac): ZHHE90 uL+10 pLog 4. &M
H(Ab): FEAEREFRFE100 L. FHSANESL, HE3
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Wo TEREFRFAHREFRA MRS ), RFLERIN10 pL
CCK-8VE R (B G = A= i), R J5 K596 FLAR FE IR
B2 hfaABE R, W E HAE450 nm4Ab 9% %
. LB KAEMENME, RE-FHE, 1HEg
18 5 41 1) 22 (%) = (Ac—As)/(Ac—Ab)x 100%. 3K
HIC50, F T8 )5 B S IR 2R EE
123 %454

iz FH B e oK W52 E W P (R I), oH 1 e G B 41
Hl57) B 9B v 2 = Al(Bafilomycin A1, Baf-ADfEN
MEEHWE R I, SIS N4 AT
(Con). EIEERMA(Baf-Al). WL KA
(Bortezomib, Bor) B & i K& ki & = 41
(Bor+Baf-Al).
1.2.4 Western blotik# | & 4049 B LC3 .
LAMP1. STX17. SNAP29. VAMP8% & & %
b

HRE CCK-8 77 V2 7 W 5 A K Fe 2 S 3G IR
6 nmol/L. % & 3k & CCK 8L & Baf-A 1K E N
0.5 umol/L, JL[E{EF %24 ho K% 4140 f il 5
JG o, DNNGE S RIPAZE MR 24 2 B JF R U AR A1
B, AFHBCAVENERE . #HES0 ng NEE T
FETE, ARE I R/ BT B AR AR, i
1TSDS-PAGEHIK, JEH I EPVDFE I, R/57E
37 “CIAE B RE WA i A he BB N —
Fi: LC3(1:5 000). LAMPI(1 :5 000). STX17
(1 :2 500). SNAP29(1 : 2 500). VAMPS(1 : 2
500), fE4 CUKFEFH IR . 28 = KA EE T U3
U, MNGEFR =P : 5 000), 7E37 CilAE
H0.5h, HRVEM3IR. ®E, R e0h i
7%, Mlmage JERIFXT %0 AT K FEAE 73 4T, 2R
Je, IR — b .

1.2.5 RT-PCRE#MLC3. STXI7. SNAP29.
VAMPS# mRNA % ik K -F

W S M8 I TRIZoWE SR IS RNA, AR5 5 [ i
SRAE VTR 55 McDNA. Tk, LA
B cDNAANR, 2 AEHLC3. STX17.
SNAP29. VAMPSIER 51 YA GAPDHN Z: 5 Y%t H
W B AT i 1 . ERHAT IR, AR, IRk AE
EL G, HlEmiigIictodt, SEHH
DAL AT RIS S R . K5I MFHIB E L.
1.2.6 H97 % R ERMLCIN AR E &K

PRI HANAE, PBSIEYE3IK, £ RHFEREME ¢
20 min. PBSIHUE3 KGR & HAMIB IR 29
F, BETERE, ANERAERTRIMEA, PBS
B E 15 min, MiFEX-1003#3i%E10 min, PBSIH YL
5 minx3{%. HAITE H & S £ =R T 330 min
J&, MIA100 pL—FHLLC3(1 : 500), 4 Cuksfit
Wo K, ZH10minjg, #FPBSTIHYE3K,
FENORERAE T = R AT, WM100 nL2 e 4t
(1 :500), #H1h. PBSPE3IR, MINDAPIT{E
W, Pethd min, FRUGHATIVE, SREEINPLR
TR e BE, ERGRME NS &H
LC3RIA & AR
1.2.7 BB IR4T(Lyso-Tracker-Red)4a M 7 Btk
o E A

Lyso-Tracker Red L{EVRMIFCH]. T4 50K TAFE
WMRE106%(1 pL Lyso-Tracker Red+9 pL4H ks 7%
W), FRECL pL RSB I AR ON 6 mL4H 8 5%
WA, A, 37 CHEE. WESH S
1.5mL EPEH, H# FiEW, & IMAT mLIH
W AR, 37 CHEFEMH I E3 min, &0 LB
TAEW, FBRFHRESIME, WM A

%1 q-PCR3IYIF%

ElEZER S 51975 I R BRI bp)
LC3-F 5'-GCC TTC TTC CTG CTG GTG AAC C-3' 36

LC3-R 5-TCC TCG TCT TTC TCC TGC TCG TAG-3'

GAPDH-F 5'-GCA CCG TCA AGG CTG AGA AC-3' 138

GAPDH-R 5-TGG TGA AGA CGC CAG TGG A-3’

STX17-F 5'-CGC CGT CTT GAA CCA GCT ATC C-3’ 121

STX17-R 5-ACT TGT CCC AGA TTC TGC ACC TTT G-3'

SNAP29-F 5'-CGC ACA GAG AAG ATG GTG GAC AAG-3' 147

SNAP29-R 5-GAG GGT GCC ATT CTG TTC AGG TG-3'

VAMPS-F 5-GCA AAG TGA GGT GGA GGG AGT TAA G-3'

VAMP8-R

5-TGT CGT CTT GAA GTG CTC AGA TGT G-3'

136
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F, IR T M.
1.2.8 = @ #E kAN BR M MR R k&
U S AN, B S AT 3K PBSTE BE
KA1 mL PBSEZ SZEPE F1. HL0.1 pLAY
WE P VR T 20 M 2 P e L 43 min, PBSIE U2
W, WM—WMTHEEA L, POCRME FEAY
MEF A
129 %hitsae
K ym 4> A A 2% B 4 FHSPSS  25.0f1Graphpad
Prism9. 0%, & ESOAM M ERER, o
Hx £s%, PR Z R R MO R AR A
FFEIER AT EREMQL, Q3)E R, ff
F SR R 7 Z 5 Wil AT 2 3%, P<0.05 8 2
A E L.

2 R

2.1 B EAIMMARET R GER

W ek IR FIR (3 6+ 9+ 124 15 nmol/L)
AL FERPMIS226 A1 U266 4 i Ak A [&] i 8] (12
24, 48 h)J5, FICCK-8¥k:Ky I 2 i iy 1 5 400 o]
B, MREIE WK, SIS RERE, MEEWE K
OKAR R Ak BB () ) 8 0, 7 P 4 R R )
H R IBEIG N, 25 BA G 8 L(P<0.05). it
HIC50%350°4910.88 nmol/L 10.09 nmol/L. Z7%[%
SCHR A 0 A G S8 I 25 0k B B/ FIC S50
BOE A, HERie st BAEsE, WE K76 nmol/L
I J5 SRS i 45 RARX R g, BT DARA 8 B 28 5L B ik
J& 56 nmol/L.
2.2 FREEXRTT LR BERPMIS226 K U2664H Atk

B SRk iy FRIAHE hn
WE2AFE 2B N, SAFRRALE, &k
s 1007 < 12h
g 80 = 24h
2 60 -+ 48h
:é 40
]
Z 20
O = T T T 1
0 5 10 15 20

The concentration of bortezomib (nmol/L)

Inhibition rate (%) w

KLHRPMI8226 K U2664H f kL C3 4 2 [ i R 1A Y
9. LC3-1/LC3- | SEAREKTFEIC, ERAS
THERE (P<0.05). RN WL, WA KSE
BHEFKAMNHESEHE KA, LC3-
II/LC3- T |EK B EFEH . 455U, W&
YK PR AR AR 3 B WA & R, B WA 2
AT RESE FH T MR S 30 .

xR, W8 KA RPMIS226 K2 U266
JHMIARLC3 mRNARIEHEIN(KE2CHE2D). 7%
PR R LR (K2EME2F), ERE S
B L(P<0.05),

2.3 FRE KT LURHRPMIS226 K U2664H itk
B E AR FRIL L N

2.3.1 Western blotik 45 M| 71 5] 25 4% < RPMI8226
R U266 e 7 5Btk % B FLAMP1 & & & &
89 %"

WMEBATR, SxiEathi:, W Kknsa
JeBaf-A 15 24 2H ¥ g AR AH 5C R - LAMP 1 85 [ )7
KIEKN EF, ZRA G EE L (P< 0.05).

232 IEBEEARIRAT RN R R 2 A 4n Ak MM 49
iRz SN2 R

A B AR ERET (lysotracker) & — P B 14 5% Y6 G
Bl T IE 40 MR B AR et m) LS 40 B Y 1 R
PEIR A BAE R, FH T 5 1 40 B 9 1) V% Il A
P ICAT 5 R L SV AR IR T AR B AR R L .
SERPEN, SXTHRA R, B G ORAH g s
RIEFE AR 0, BB & 7oK vT LUERPMI8226 Al
U2664H il RIEBGAIE I 525 B % AL,
Baf-A1H Lt fURTE &, B ABaf-A 1A LA
WA AL, P DUBL A B 21 5 g 4R (4 /0
5).

o
g

— - 12h
804 =24 h
604 -+ 48h
40-
20+
0 — T T T 1
0 5 10 15 20

The concentration of bortezomib (nmol/L)

A: THE K GTRPMIS22641 1L R (1930 % B: BB oKX U266 40 fEtk IR . #P<0.05, **P<0.01, ***P<0.001, 5=E5FHRAIE
Ell  CCK-8ERMANE)R E RS fo A AL IEMM A BE A [5] e 8] A9 HE5E H ] 22
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A, B: Western blotiZA& il A [F] 25 4L EERPMI8226(A) [ U266(B) 4 i RLC3 2 [ RIA %M L LC3- T /LC3- T R A MXERIE RN ; C. D: RT-
PCRIEHKE AN [F 2590 AL EERPMI8226(C)FU266(D)4IHEL RLC3 mRNAAN FKiLEAIAE ; Ev F: AT IEIFRINAR F 25 ¥ 43 RPMIS226(E) Al
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B4 AEIREES A E 25 IERPMIS266 2050 2285 B (A FIA B I (b

2.4 FRE KT LLREBTRPMIS226 K U266 itk
HR AR ERRE
2.4.1 Western blotik ZRT-PCRik M R R 2544
40 B AR IR R AR A AR X B T 69 & & ;i AmRNA
F &R %1

St HRAL bR, TR K A WA B R R A A
KK FSTX17. SNAP29. VAMPS8 & A i

BHRIEENTN

Baf-Al

50 pm

Bor+Baf-Al

50 pm

mRNARIEKF T, ZRASRIT5E L (P<
0.05), EP& 4 K mT DARH 1k B W 4k 5 3 B R fil
A Baf-A DX XL 7 H 2w L gt e L,
AE J5 K] 2 Baf-A 1l i # H'-ATPase i FH 11 H 1 {4
T8 A, AT BEL W 19 e A2 5 Tl A i 5 A T T A ) o fie
R, MA@ IESTX17. SNAP29. VAMPS
AR L(E16).
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G JE, B NpHIE R N4, R RNk ] g
RNVEBEEAAREE B VRS BAR . AHT A1, Baf-A1AH'-
ATPaselIifil| ], B DL S HIH|H -ATPasefH 15 F 1
PRTRAL, AT FH ik AV B A ik, R m) DA
i) 24 B i A B R A AN B R R A . ERIUE, Y
BAaBaf-Alja, G R0REER, iEHAZRCES
JS PR T T A Rl 2 < T A A K T B B
Z W BEARER AL D 2> o i R UE B, B A oK BH
T ()2 1 W A R Bl A 1) 5 O A2 (B 7R PR )
3 itit

% RN BESR S M R G088 — R MIR, DAER 5
B % 44 PR ST 14 3 BEON SRR AE , S BUR 3T B B R T
S EA AN RKEER . (H 2 E i R
SEARSZMZR-TEEBEREA L LA
INF, R - B AR IR AR A TS DA Dy — B (i 3t g
S Hf AR A7 ) R, B AH L B K E AR R
AHFHE S BRI E B R EY I R e
&, DMEHEMMYRE s mER R B, E

VZAFLE T B BEJE 20 B e AR A — MR LA, SR
1M, 3 B B W B0E AT RE 51 40 B B SR
T2, geAh, AWFRIEE, MM4IHE AT LLE R £
FhLAE S A, 51 40 B e K 2507,
R0k, IRNHEFT B BEAEIR & 1 KB IT 2 R
Je v A AL B A

iR E W — SR Bk, ULKIES
AT ARG I IR Rk,
TR AL B AR, LC3- 1T 2 H AR B 2R 1
&s RE, AWEEEHRARME, 7EikidfE
i1, STX17-SNAP29-VAMPSHE & 1A HIE K 1545
HEEMEAI, R E SRR E RS, e
AU RSN PR N R S O i A (TR S W = 1
AR AZ B A AR AR BRI R, W A
XTI ADREAT PR AR T IR A, BRI

H BT SST O AR AEAN RN Hh e 5 AL
WRERIFA G —, AR, WEKAT LSS
HRERIRAEN, g AN, BB K A 2 BHLT
HWE AR, JLBHEBHLEt A R FY SR £
R RER A, B AR ) AR A
IR, KREZHNRIUE T BRI, 20220
TR Gy BRI, ASCE R ILC3 AR
A B 452 e B 3 WA R 7K, R ILAMP1 A4k e
MR FI K, BISTX17. SNAP29. VAMPS
(7 Ak J S Wk AR T i R ik & R A, LSRR 58
HE[P) B I AR K IE T MM (4 F B .

Baf-Al

50 pm

Bor+Baf-Al

El7 A IEfEREZQN AR ZYILIERPMIS226 400 REL 14/ VAR RILE
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Con
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E8 AYIER R EZNTRZHYALIBU266 MM REL I MINRIAE

AR B2 BE AR SO 2 FAE R, B KER T
Z RYEEBETERPMIS226 S U26641 10 &2, 1T LA
FIGE, (FTFEBRIAEINH H 4tz 56, I
H T DS B WA S B AR Rk N, TFEBHER T
R T T A 5 A K MM i 2R R ST AR
M, KT H WA EEAmAIsE, —2RH
H W15 5 (H W LG R H AR A Rk, 23] H
W A 2% fige (A0 1) 5 e e 5 9 g A7 -5 B30 OEL 5 V75 I
i) LA S B SR T H W R A e A
A5, Western blot XRT-PCRZE R o, S5t
FRZELAR L, B8 e oK 2L W A 7 A e 5 A o TR
TSTX17. SNAP29. VAMPSH)ZE 1) & RNA )3
IR SE N R, 4GP e A g5 R ORI B A K
M2 A IR G RE, DRl B T A oK AR
JH 2 BEL W 15 1

T E NI AR, IRATULE IS ERIEN
STHRILFEERH T EBRARR, EhEERE—
o B 6 1) 1 R ISR ), T DA B R AR S R
tE A B R A M T BELBBT (9 im0, gERBOR,
2 AN IR 5, Baf-A1H25401L.C3 M LAMP1¥]
Fak s, BHEE SR A R S oK 5
g S — 8, U B 1 K S mT LABH W [
Bo PN E R —ANShALRE, H b BE 2 5
B WA AN Bl A ) AR BRI

KEZHW TR TN, LC3%H R 71Tt

Baf-Al

Bor+Baf-Al

50 pm

e IR WY 5 S, (L i B AR RO A R AT g
R T E N BT R AR D 2
DR e AE AN T B BB e 15 A T IR DL T
ARELURIELCI IR IL A5 H B E R T RIE5 8. &
S 6 R AR A T 22 R R i
SE BRI VA A K 2 S L], IEWD T
ek ar DL BT B A -V B R I il S i A, B
Wr F W P, 1R A S A s s
SE5 T A KR T MM [ I B R B 7
SR, FATHI LI WA — LA L Z 4k AR
TR o B B 00, DL — 2D I ) 1 Ol B
WEPHWT s H T seie sk AR, BA AR T B
RSE A RN P g R N S R R R S RV
LU B A 00 5% B R R T B R R A S O, A SR
BB,

g5 ERmIA,  JRATHI S UIE B 1 BB KA
2 R B TR A PR A AE LI B W R s A
TR T MM — R B B ORSILE], X v
S A K R HE UMM i 2 e FR 8T A FIATL AR
HOAT, S80S FE 0N 7 BT 249 )= A
53, LRSI KIS LR E IR T MM$E
P B R

SE 30k

[11 Rajkumar SV. Multiple myeloma: 2020 update on
diagnosis, risk-stratification and management. Am J


https://doi.org/10.1002/ajh.25791

- 1496 -

CEMILEY 202452448581 Fw

(2]

Hematol, 2020, 95(5): 548-567

R, RS, HE B SRIIE oKIG )T 2 R
BT B9 2> F-HL. U - R ELE, 2011, 20(11): 698-700
Hamedi KR, Harmon KA, Goodwin RL, et al. Autophagy
and the bone marrow microenvironment: a review of
protective factors in the development and maintenance of
multiple myeloma. Front Immunol, 2022, 13: 889954
Pellegrini FR, De Martino S, Fianco G, et al. Blockage of
autophagosome-lysosome fusion through SNAP29 O-
GlcNAcylation promotes apoptosis via ROS production.
Autophagy, 2023, 19(7): 2078-2093

T, 97, WG, RS SRS I oK Z K&
PEEBER U266 0 M A IR TR A MR, rp 2538 5 R
2RZRER, 2021, 35(12): 923-928

WA, SRIEhE, BHIZE, 4F. SNAP2SEE ML EAEAN
J AR AL A AR fEeE, 2021, 41(8): 1796-1802
Yun Z, Zhichao J, Hao Y, et al. Targeting autophagy in
multiple myeloma. Leukemia Res, 2017, 59: 97-104
Zheng Z, Wang L, Cheng S, et al. Autophagy and
Myeloma. Adv Exp Med Biol, 2020, 1207: 625-631
Kozalak G, Kosar A. Autophagy-related mechanisms for
treatment of multiple myeloma. Cancer Drug Resist, 2023,
6: 838-57

[10] Jian F, Wang S, Tian R, et al. The STX17-SNAP47-

(1]

[12]

[13]

[14]

[15]

[16]

VAMP7/VAMPS8 complex is the default SNARE complex
mediating autophagosome-lysosome fusion. Cell Res,
2024, 34: 151-168

Tang Q, Gao P, Arzberger T, et al. Alpha-synuclein defects
autophagy by impairing SNAP29-mediated autophago-
some-lysosome fusion. Cell Death Dis, 2021, 12(10): 854
Kawaguchi T, Miyazawa K, Moriya S, et al. Combined
treatment with bortezomib plus bafilomycin Al enhances
the cytocidal effect and induces endoplasmic reticulum
stress in U266 myeloma cells: crosstalk among protea-
some, autophagy-lysosome and ER stress. Int J Oncol,
2011, 38(3): 643-654

Rahman MA, Engelsen AST, Sarowar S, et al. Bortezomib
abrogates temozolomide-induced autophagic flux through
an ATGS dependent pathway. Front Cell Dev Biol, 2022,
10: 1022191

EER, FREE, FU¥, 5. FRIREIREIEPC241 [
Was i BELAE B AR DGR FHAILIR]. & O B2k, 2022, 53(4):
1270-1279

Zhang R, Yang X, Shi X, et al. Bortezomib modulated the
autophagy-lysosomal pathway in a TFEB-dependent manner
in multiple myeloma. Leukemia Res, 2024, 138: 107455
EEM. DIERRAIS TIRAMSE LR RS
[D]. Ki%: RiEBERIRE, 2017


https://doi.org/10.1002/ajh.25791
https://doi.org/10.3389/fimmu.2022.889954
https://doi.org/10.1080/15548627.2023.2170962
https://doi.org/10.1016/j.leukres.2017.06.002
https://doi.org/10.20517/cdr.2023.108
https://doi.org/10.1038/s41422-023-00916-x
https://doi.org/10.1038/s41419-021-04138-0
https://doi.org/10.3892/ijo.2010.882
https://doi.org/10.3389/fcell.2022.1022191
https://doi.org/10.1016/j.leukres.2024.107455

