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Research progress of ribosomal protein in drug resistance in cancer treatment”
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[Abstract] Ribosomal protein (RP) is an important part of ribosome, which is very important for the
assembly and function of ribosome. Recent studies have shown that RP is closely related to the processes of
growth,senescence,apoptosis, invasion and drug resistance of tumor cells. The drug resistance of tumors is
one of the main reasons for the low cure rate of tumors. RP can affect the drug resistance of tumor cells
through a variety of mechanisms, such as changes in signal pathway, epithelial-mesenchymal transformation,
cancer stem cells and tumor microenvironment,resulting in a poor prognosis of cancer patients. Ribosome tar-
geting therapy is a promising method for the treatment of cancer patients. This review summarizes the mecha-
nism of RP and many kinds of cancer drug resistance, provides new ideas for elucidating the mechanism of
tumor drug resistance,and then provides new strategies for clinical prevention and reduction of tumor drug re-
sistance.
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BEXELOA @ EEN R Z — Mg T 25—k o
J5 S M AR AR SRR V1 24 02 3 B O 4R A T Rk
IR P o 248 JRE | AR AP T 24 48 S5 W) X5 IR 97 A BONE 1Y fi 9e
TESEAT IG5 th B 250 . R 2 8miR 7 o5 ik
2z 32 BT 24 P ity BIR ) DA el 36 7 2850 R R R8s
FEREIRYT BT 25 R AL 2 52 2 . BIFSE R L AR ST T
MBI T AR AN F Sl s R
] 54 A6 2 W O kR A A Bk
W A Z R ML A . MOk £ 1 BF 5T R WL RP
TEIRAAE 1K & JF AN AL ST i 25 vh 2 35 22 G H B4R .
AR SCHE R RP AE SR T 6 97 i 24 Hh i AL ) S I F o ke
HATERIR

1 RPIA#E L KE-B B (epithelial-mesenchymal
transition, EMT ) 52 it 48 i} 24 B9 41 51 5F 3%

EMT & —A~ 9 K iF 22 A4 38 R0 9 B 4% 14 1) 40 Jif 2ot
FEOIEMRIR & A 0 O A A FO i e b i 5 B 0
FMETY . 8 EMT i B2 v, 40 -0 A Fn 46 A2
i A1 35 J5T 14 RH LA P o R 0, S B B R AR T )2
JREARE A 3 5 o O BB e s PR 1) 2 3% R A1 3 1] 5 B 1Y)
FER . A M2 MR R B A S i AT R R e
& AU FG0 {1 958 A M A5 8 22 1 ) BT ofR o DA T AR 3
AN A K IS T RS R 2R R 2 A e
EMT v, STAT3 J K ) 9 # d 2 % & 2 1 J.
STATS M NHE s TRERR ALY STATS T ie . W IR
LRy STATS Al Sl T Ui 2 S b5 SNAIL, SLUG,
ZEB1.TWIST 4 EMT AHJCHE S ¥ 09 %% 5, i i 51
& EMT %A A 3k b3 40 it 14 5% B Rt 2501 E-
cadherin fll N-cadherin J& I8 #5 EMT %) 3§ 55 b A
T, F i E-cadherin 1 I # N-cadherin & EMT k4
RIS VN

EMT 75 0 iif 25 v A7 5 2 AE L RP nlad i 2
FAY S5 EMT, 2 5 MR 25" . &%, RP
eI EMT 24 b Kl 7 E-cadherin fil N-cadherin 32
KL, B 5MEN 25 . RP15 i &35 A DUl E-cad-
herin 2% 35 F& I #1 N-cadherin 3 5 JF =, M T 42 3
EMT, £ i fif g it 25 1 8L . g Ah 76 55 10 98 (naso-
pharyngeal carcinoma, NPC) 1, ZHANG 4% % 3
1Kk RPL14 (eL14) i i F# Ik N-cadherin fl Vim-
entin [ 335, 8 E-cadherin A9 335 , B 8 30 i £ L
41K (nuclear pore complex, NPC) 4 iy i) 1T # . 17
ZH EMT i 8. 0P 509 2 e DL i A 58 AR 40 8 i
RZ— REBEEHEXNALGY BRA M 5M, FES
AR RARAERABRT  A AR SR MRS R, B0 LR AR
fikk A2780 F1 SKOV3 i BUBTEA T 25 J5 , WA J7 51
N HAR 22 3T % A EE B ) ] B O BT R U Es  N-
cadherin fl Vimentin H] g [ ¥, E-cadherin ] &
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JA . MK RPL23 B @RS . iR 4 B B 45 3]
AR IE B Gk 19 RPL23 W] BE 8 1 75 7 b jz v P 8
J& (epithelial ovarian cancer, EOC) ) EMT ifij 5 8
BT 25, RP fE 5 EMT ¥ %KW 7. %% EMT,
12 E i JE 20 B A 5 A e it 25 . e 2s E g b B
KA RNA N T 12 A &% (ribosome RNA
processing 12 homolog, RRP12) A F ¥ ] 411 | &5 &
g des A B AT # AR 28 . H RRP12 i 8F 48 E & 45
& AR HE 1(Zinc finger E-box binding homeobox 1,
ZEBDN R T XS54 EmEA R R EMT it
T2 Be AN RP i T LA i £ Fh A5 S B EMT
iR, ZHANG %593 95 & Bl RPL22L g #4005 40 il
ANJE AT R H B 8§ Cextracellular regulated protein ki-
nases, ERK)®E&1HS EMT #Ef2, M &2, ERK
0 700 T DA 2R R e A AR R B 1 L22 R U 1
(ribosomal protein 122 like 1,RPL221.1) & 2 & T 41
Jifi g5 (hepatocellular carcinoma, HCC) H1 i J7 %, iX
B ERK 4 57 gB 0 £ /= RPL22L1 X} HCC &M
FKhiAEJeIr A, RS HIE A4  RPL34 i RIK &
FIEH AL i — LR LI RPL34 WY KL GEW
I T A0 S AR L SRS JAK2/STATS {55 38 %
IS EMT 1 #2227 . 55 . RP Al 58 i 38 72 i 9
A0 R A 0 EMT, S 2040 Mo fif 25, 76 3L 40 g
i, RPL27A 24 A W4APU732S J¥ 41 ()% 5 RNA £if
H Bt 19 (transfer RNA-derived fragment 19 with
sequence WAPU732S, tRF-19-W4PU732S) ¥ T i i
AL UTER Y tRF-19-W4PU732S 7] 1 5§ MDA-MB-231
R E I 7 1 R Y 1 ) R U
ik tRF-19-W4PU732S AIfi¢ if MCF-7 40 fi 3% 58 . iF %%
228, w0 T, B4, RPL32 78 HCC frA
F A3k, H RPL32 Btk 7, SMMC-7721 fil SK-HEP-
14 A A 15 5 A T L AT R RN AR 2B R ) Mk 55, R T
RPL32 5 HCC B # Wl J5 A B AH K, o] {2 #F HCC 40
A FE TS R R R B,
2 RPiA#E(E SIS 50w 25 69§16 5 53

15538 3% 5 o T 25 Z M E e T B R . A
i 92 T 245 v A I 1) S 3 A 2K R R R Y
YER . — o 5 53 B 19 S5 8 %006 1T DA AE SfF 40 Mg A K
FIULEIE o DT A ol 968 200 Jf ok 24 W 7 A i 24 1S L itk
Hb A5 S BT IR 25 2 I AE A AR . 25 A
7 AT LASCAR (5 55 30 5 108 3% 1 17 e 4 ol Tk gk 24
Wy A 05 1 FH S HL 2 3 ek R K {5l AT AR A5 i
R
2.1 BEHEFHFLEZ 24X EB-F 2(nuclear factor
erythroid 2 related factor 2,Nrf2) 5 i J& &f 24

5 5 300 1% 1) A A8 i 51 AR b 9 i 24 7 A 1 B AL
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#il 2 —. Nrf2 T2 i3 KEAP1/Nrf2/ARE {5 5 i
S R4 R DR B ik, 038 2o B SR Ak VRO R A R
PR 2 i, 3 AR 2 e R 4 A K RN G Ak Y 245 4 A
fif 25, Keapl & —Fh E3 12 R # #0. E£5 Nrf2
EASEA IR HZ FZ. S8 N2 B # . p62 j&—
T2 55 20 0 1 e 3k PR ) 2R E W o A2 46 2l p62
HE, 33 Keapl # p62 M ES, Kk S Nri2 455, &
ONef2 5 515 S8 . F R 1178 (family
with sequence similarity 117 member B, FAM117B)
Wit H ETGE 37 838 KEAP1/Nrf2 A T AF H L ik
/b Nrf2 17 R R B0 KEAPL/Nrf2 5538 i, &
2 0F 5 95 40 9 A R 25 . B KEAPL/Nrf2 55
i A IO R FAMI17B i S 8 4 il A4k K i fe oy
firt 24 9 F R A Wk LR 4E K (abrus aggluti-
nin, AGG) J& —F A& X F 80 43 85 1 55 00 2R 1
HUZBR 2 1% B 11, PANIGRAHI 451 78 O s o £
BUBLHEL b BP9 2 B AGG AT LU Nrf2 19335,
[ L N S e A N e e I T RS R T g
. 16 H L UUER RPS6 AT FEAIR A 6 i 2k K I 1%
& 2 Chuman epidermal growth factor receptor 2,
HER2) ¥ 847 Nrf2 ()R IF P2 HHUSPE . B R
Hrh Nrf2 238 BUR G725, X 30l RPS6 Al
Nrf2 A Bij k5t HER2 2549 (9 1iif 25,
2.2 # B F-kB(nuclear factor-kappa B, NF-«B) 1%
5 il % 5 it g w24

NF-«B {5 530 H 76 40 B 3 5 ho i 1 5 B 228
ALY it 24 45 22 Fofr 440 R ek 8 o 35 OGS 1 DY . 7
B, iz £45 A B E2J1 Cubiquitin conjugating
enzyme E21, UBE2J1)-TRIM25 & i, E2~E3 & &
Y. B b5 RPS3 AHE AR M JF7E K214 %A | )
RPS3 iz Z4L A f . ifi UBE2J1 3 % k5] # RPS3
LM T NF-«B [ 40 i i % 52 , TfifE NF-«B
SO R TR AR R WL TR RPS3 REARE E g
¥ 1 2 (lipocalin-2, LCN2) #4519 NF-«B i@ %, &
SO HE 11 s 5 R 20 S o T A1 £ SORPESY . RPS3
fL T NF-«B 4% 5 KA [, 8 5 pf 28 b NF-«B
c M EAE RS NF-«B 3@ . 24 LCN2 ik FEALHT,
23 RPS3 5 NF-«B 1945 4, T FE K NF-«B 19
WAk, g # ST D-LCN2-RPS3-NF-«B i 5 & 51, &
AR D ek LON2 Ji 27 H 34k, Ml LON2 &
F1#2 35 . B MK LCN2-rps3 45 & . M F% ik RPS3-NF-
kB 454G . NF-«BEZGWNTE SR LML T NF«B 1
T K« DT S8 0T kR o A 1) AR 97 SRS
2.3 5 B ALEE 3-8 B (phosphatidylinositol 3-ki-
nase, PI3K) /% & # 8 B (protein kinase B, Akt)/&

P & % ¥ & & (mammalian target of rapamyecin,
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mTOR) 1% 5 i@ % 5 I 55 #f 2%

PI3K/Akt/mTOR {55 38 H & B0 % 40 o b i 1
TRSF BA5 5 5% 5 0 4%, T £ 2F 4 A7 3 L 4t B 2 R
20 J5 19 A . PISK/Akt/mTOR 1 A [ {5 5 il B%
I 22 AH B4R AT O AR K R S AR S
%S A S SRR e iE AT . BRI
WESE, Ake3 19 F A 2 51 2R e o Ake 300 ) 5
MK2206 [Tt 257, §tZ mTOR 3@ B4R 8t 7T A
o J2: I S VTR 25 O ML . AE 1T 81 MR R (prostate canc-
er,PCa) ', RPL22L1 i # 4 #% PI3K/Akt/mTOR
i P LA B Ay 1 I B R Ak . A 45 p-PI3K. p-Akt
A p-mTOR, ¥ 1M i 1% PCa 40 M B9 PISK/Akt/
mTOR ¥, 2 #E T PCa 40 M B3 58 | i % FiZ 28,
M55 A PISK/ Akt 3 #4077 .Y294002 BHIKr PI3K/
Akt 38 )5, B 2B T RPL2211 X PCa 40 Jitg 3% 74
TR 28 B SO A L 855 T PCa 40 i i 250, 70 X
10° B9 S6 # F# (70 kilodalton ribosomal protein S6
kinase, p70S6K) & PI3K/Akt/mTOR i} i1 T
WeBKNE PR, LT 52 3] 22 2 R / I 2 R i 1 Ak 1) )
¥ WFSE R BLIE AL Y p7OS6K AT AR 7 il 9 10 T 241,
7& PI3K/Akt/mTOR/RPS6 i# i 41, Nrf2 o] A€ & $1
HER2 25 YTt 25 i W 72 200 . RPS6 J& Nrf2 1
Az —.RPS6 i 5 La/SSB & H A B 1EH . 45 &
NRF2 ) mRNA, 55 HAE AL R A F T 10 B35 4
fn. i RPS6 0] BEAE HER2 ¥4 %1 & 9 o Nrf2 4
23K IR 52 AU |, X — &5 S 7 B AR P S R
EST . B R Nel2 5 R A BRI 257,

3 RP 5/¥E T 40 B (cancer stem cell, CSC) B i 25
HLEI AR

R 2 B0 i Rg 2 vl 22 4 26 AR OR (W) A Ji 98 SIF 40
JHLHE L R A 5 I LA A 58 TN Ry AR 3R T T 2 M 1
BLE R 2 — 2 ph iR P AT 0 M A0 i Y 3 R 22 R 1
LAY CSC R —Fh 7 il ggg 20 20 rp LA 20 it 4
PSR A B, e AT LA TR R L B R Ak 2 R
JibJRE A0 B A BE 7. CSC 3 2o JE A 5¢ A 3% 38 3 19 15
53l s DNA B2 IR EE R ABC #i8  A K ik,
W 1 BB ML E R T A DR 3 AT LT B CSC L f 020 9
SiE G KRR JE R — i 22 #0512 R U 0 4R
7 (tyrosine kinase inhibitor, TKI) , X fif 98 40 iy B A
SR LI AR R T3 B A . CSC A7 76 2
AR AR e T 25 E &K . CD133 " CSC 5
T 245 24 A0 fiob g A R AT O L R AR A 5 R L A% A
S6 T 4 4 (ribosomal S6 kinase 4, RSK4) i i B
TR AL BE A A 8- 3R (glycogen synthase kinase-
3 beta, GSK-383) ) Ser9 # 1 B-catenin {5 5 i %, M
i %% M B K CSC Y 4 1 IF ik 36 0 59 36 7 5
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PESY L FEOIEE b R R R EE H I B Cacylglycerol
kinase, AGK)E i — i i) CSC L Ybr &4 . it 5
RPL39 4y BUAH BAE ] A 2F B 52 1 Rz g 7™ 2 A7 T
itk SR WU R RS [ 78 B 5 R 40 MR t &
PLARAS Pk i 25 2 5] & W5 N R A9 3 2K R, HIDE
SRS e B RPS6 A HE TR SRR 40 i R 0 L £
BRAE 3 1 CSC bRic ¥y 2R3k, 3 BUKE 7 B 40 i 9 4545
Mif 2451 . 2% W1 BN E — 25 0 90 & B, R AR 1 48 AR
RPS6 1Y 52 2 35 15 22 14 JI ot B 240 Jf 983 400 1 v 2% B 9
BIFfE#E CSC ¥ %3k, WL, RP 7] il i 98 15
CSC 5451 5 B JMUBR BE ) AT M 55 185 5 i Jed 4 i 1
i 245 % 7z
4 RP 5 fhy& % 28 £ (tumor micro-environment,
TME) B it 25 #1552

TME J& 4 i 963 20 M A7 76 1 J&) Bl B0 455 60 4% i
B b T A AR R S AR . TME AT LA % g 1fn
R AN R T A2 . [R]85 P B A g
200 0 L3 R 52 el 98 A 7 A K RN R A S BT IR Y S
Btk . TME J&6F 52 i I8 i Jre 0 b g 36 7 T 245 19 G Bt
P A Sk SR 50K 40 i 78 (head and neck squa-
mous cell carcinoma, HNSCC) 1, pescadillo #% 4 14
Wy & H A F 1(pescadillo ribosomal biogenesis fac-
tor 1, PESD Hl 8 7, H 5 A 2L 3L % % (human
papillomavirus, HPV) R 25, I PR 43 9. Mg 2 9.
TP53 2874825 B E M 56, PEST K3k M) F B2 5 50
67 12 ) P i g5 A R BT b R 24 ) SO B T s X bl
il BB 5 A F T4 3] HNSCC WG 7 ikl . s,
MA 20U AE 10 F13% 32 1CB # 4 B I 59 J5 3 i 3] £
& 5 5% (esophageal squamous cell carcinoma, ESCC)
BAE RIS T PESL i@ i BB ESCC 1 ILF3-
IL15 & WREAL CD8 ™ T 40 g 32 1 71 G0 95 36 7 HUsk
P, AWM. LTS (st & B PEST 5 o Myc
e BE AR O, O 7E I JRg A 5 T B B b ke AR L UL
ER PES1 A3/ HNSCC 2 it 3 5 #0 i g A= 4L OF g
W AR HINSCC 4 it 08 5T 51 80Ja% . i 9 7 92 352
S IR TR B 0 — A E A R 4 . RP AT P
G P8 152 10 R 45 b R A B R T 24 . fE HCC H, RPS24
i 3 A R AN 3G BRI R G S 0 R R A R 52 R
HCC % & it 255 53 4h i A — 008 1 B 58 %
B RPL27A 7& HCC iy 3RIA/KF-5 TP53 48 4
£V 38 2 YA &5 FE il iR 9% (lung adenocarcino-
ma, LUAD) /e bk K EHE H L12 (mitochon-
drial ribosomal protein L12, MRPL12)7Efr A< o B &g
ETRAEW MRPL12 & 35 5 822 19 HU5 AH G . (A
i, MRPL12 BRI LUAD 40 i i 34 5 L 3T 7% Fil {2
#%EW MRPL12 f&2—Ff US4 i bs & . 5 LUAD
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FI S PE IR A 5 WET &0 % B2k (R 4% B AR 25
1 L19 19,
MRPL19) 5 LUAD B 5 A R A R 12 1 AH G
MRPL19 Al gEXF LUAD BEA {2 fEH . Bk, RP /]
T A 22 T T R s PR G R 88 a0 2 5 R A iR A T
2 HLTH .
5 BREERE

T 247 J2 968 i VA I T I 9 e R Bk R L T AL &
TN RS L, S R ok, S EURAE R E
PIFE T3 I BE Fh iy . UTAESK i RP WFFE 34,
R EES ST MR m A SR, R &5 8k
B RP i 0E EMT $EF2E 5 53 B L 5 oA Bt .
CSC ZF AL A 2 i Jgg it 245, X $2 7R 1 BF 5% RP 1 M
Y MG T 245 05 A BT S, RELR AR PR 5
g it 24 22 6] 68 VR FHAIL ] A 2R 48 3] B A i 988 v o7 Tt
2P 9 7 1 DT 3 3] R 1 e PR o i H

( mitochondrial ribosomal protein

&% ik

(1] PELLETIER J.THOMAS G,VOLAREVIC S.
Ribosome biogenesis in cancer:new players and
therapeutic avenues[ J]. Nat Rev Cancer, 2018,
18(1):51-63.

[2] IPPONI A,GOODE D L,BEDO J,et al. MTOR
signaling orchestrates stress-induced mutagene-
sis, facilitating adaptive evolution in cancer[]].
Science,2020,368(6495) :1127-1131.

[3] NUSSINOV R,JANG H. Direct K-Ras inhibi-
tors to treat cancers: progress, new insights,
and approaches to treat resistance [ ] ]. Annu
Rev Pharmacol Toxicol,2024,64:231-253.

[4] CAIJ,XU X,SAW P E. Nanomedicine targe-
ting ferroptosis to overcome anticancer thera-
peutic resistance[ J |. Sci China Life Sci,2024,67
(1) :19-40.

[5] HERZOG S K,FUQUA S A W. ESR] muta-
tions and therapeutic resistance in metastatic
breast cancer: progress and remaining challen-
ges[ J]. Br ] Cancer,2022,126(2) :174-186.

[6] SHAN K S,BONANO-RIOS A, THEIK N W
Y, et al. Molecular targeting of the phos-
phoinositide-3-protein kinase (PI3K) pathway
across various cancers[ J]. Int J Mol Sci, 2024,
25(4):1973.

[7] TERRAGNO M, VETROVA A,SEMENOV O,

et al. Mesenchymal-epithelial transition and



742

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

AXL inhibitor TP-0903 sensitise triple-negative
breast cancer cells to the antimalarial com-
pound, artesunate [ J ]. Sci Rep, 2024, 14 (1)
425.

PARVEEN R,MOHAPATRA S,AHMAD S,
et al. Amalgamation of nanotechnology for de-
livery of bioactive constituents in solid tumors
[J]. Curr Drug Deliv,2023,20(5) :457-482.
LEE T K,GUAN X Y,MA S. Cancer stem cells
in hepatocellular carcinoma-from origin to clini-
cal implications [ ] ]. Nat Rev Gastroenterol
Hepatol2022,19(1) ; 26-44.

OURA K,MORISHITA A, TANI J,et al. Tu-
mor immune microenvironment and immuno-
suppressive therapy in hepatocellular carcino-
ma:a review[ ] ]. Int ] Mol Sci, 2021,22(11).
5801.

MANFIOLETTI G, FEDELE M. Epithelial-me-
senchymal transition (EMT) 2021[]]. Int J] Mol
Sci,2022,23(10) :5848.

DONGRE A, WEINBERG R A. New insights
into the mechanisms of epithelial-mesenchymal
transition and implications for cancer[]]. Nat
Rev Mol Cell Biol,2019,20(2) :69-84.
PEREZ-GONZALEZ A,BEVANT K., BLAN-
PAIN C. Cancer cell plasticity during tumor
progression, metastasis and response to thera-
py[J]. Nat Cancer,2023,4(8):1063-1082,

LIU L, ZHANG Z, ZHANG G, et al. Down-
regulation of PADI2 prevents proliferation and
epithelial-mesenchymal transition in ovarian
cancer through inhibiting JAK2/STAT3 path-
way in vitro and in vivo,alone or in combina-
tion with Olaparib[J]. ] Transl Med, 2020, 18
(1):357.

SHIH P C,MEI K C. Role of STAT3 signaling
transduction pathways in cancer stem cell-asso-
ciated chemoresistance[ J ]. Drug Discov Today,
2021,26(6):1450-1458.

SADRKHANLOO M,ENTEZARI M, OROU-
EI S,et al. STAT3-EMT axis in tumors: modu-
lation of cancer metastasis,stemness and thera-
py response [ J]. Pharmacol Res, 2022, 182:
106311.

XUE W,YANG L,CHEN C.,et al. Wnt/B-cate-

nin-driven EMT regulation in human cancers

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

FTREF 2025 F 3 A% 54 6% 38

[J7. Cell Mol Life Sci,2024,81(1):79.

DENG Z,XU Y,CAI Y,et al. Inhibition of ri-
bosomal RNA processing 15 homolog (RRP15)
suppressed tumor growth,invasion and epithe-
lial to mesenchymal transition (EMT) of colon
cancer[J]. Int J] Mol Sci,2023,24(4) .3528.
ZHANG Z,ZHANG Y.QIU Y,et al. Human/
eukaryotic ribosomal protein L14 (RPL14/
elL14) overexpression represses proliferation,
migration,invasion and EMT process in naso-
pharyngeal carcinomal ]J]. Bioengineered, 2021,
12(1):2175-2186.

LI H,LIN R,ZHANG Y,et al. N6-methylade-
nosine-modified circPLPP4 sustains cisplatin
resistance in ovarian cancer cells via PIK3R1
upregulation[ ] ]. Mol Cancer,2024,23(1) ;5.
RICHARDSON D L, ESKANDER R N, O’
MA-LLEY D M. Advances in ovarian cancer
care and unmet treatment needs for patients
with platinum resistance; a narrative review
[J]. JAMA Oncol,2023,9(6) :851-859.

LIU Y, LAI S, HE ], et al. Targeting RPL23
restores chemosensitivity of cisplatin-resistant
ovarian carcinoma by inhibiting EMT[]]. Cyto-
technology,2022,74(3) :421-432.

AN G,LIU Y,HOU Y,et al. RRP12 suppres-
ses cell migration and invasion in colorectal
cancer cell via regulation of epithelial-mesen-
chymal transition[J]. J Gastrointest Oncol,
2023,14(5):2111-2123.

ZHANG D,ZHOU Y,MA Y,et al. Ribosomal
protein L[.22-likel (RPL22L1) mediates sor-
afenib sensitivity via ERK in hepatocellular
carcinomal J ]. Cell Death Discov, 2022,8(1):
365.

LIANG Y C.LI R.BAO S R, et al. Artificial
down-regulation of ribosomal protein 1.34 re-
stricts the proliferation and metastasis of colo-
rectal cancer by suppressing the JAK2/STAT3
signaling pathway[ ] ]. Hum Gene Ther, 2023,
34(15) .719-731.

ZHANG Z,LIU Z,ZHAO W,et al. tRF-19-W4-
PU732S promotes breast cancer cell malignant
activity by targeting inhibition of RPL27A (ri-
bosomal protein-L27A) [ J]. Bioengineered,
2022,13(2):2087-2098.



FTHRESF 202553 A% 5455 3M

[27] HOU G,LU Z,JIANG J,et al. Ribosomal pro-
tein L32 enhances hepatocellular carcinoma

progression [ ] ]. Cancer Med, 2023, 12 (9):

10791-10803.

WANG X, JIANG W,DU Y, et al. Targeting

feedback activation of signaling transduction

[28]

pathways to overcome drug resistance in cancer
[J]. Drug Resist Updat,2022,65:100884.
YIP H Y K,PAPA A. Signaling pathways in canc-

er: therapeutic

[29]
targets, combinatorial treat-
ments,and new developments[]]. Cells, 2021,
10(3):659.

LID,HONG X,ZHAO F,et al. Targeting Nrf2
may reverse the drug resistance in ovarian
cancer[ J ]. Cancer Cell Int,2021,21(1):116.
[31] PANIGRAHI D P,BHOL C S, Nagini S,et al.

Abrus agglutinin inhibits oral carcinogenesis

[30]

through inactivation of NRF2 signaling path-
way[ ] ]. Int J Biol Macromol, 2020, 155:1123-
1132.

ZHOU Y,CHEN Y, SHI Y, et al. FAM117B
promotes gastric cancer growth and drug re-
sistance by targeting the KEAP1/NRF2 signa-
ling pathway[J]. J Clin Invest, 2023, 133(3):
e158705.

GAMBARDELLA V,GIMENO-VALIENTE F,
TARAZONA N,et al. NRF2 through RPS6 ac-
tivation is related to anti-HER2 drug resistance
in HER2-amplified gastric cancer [ J ]. Clin
Cancer Res,2019,25(5):1639-1649.

WU D, TIAN S,ZHU W. Modulating multi-

drug resistance to drug-based antitumor thera-

[32]

[33]

[34]

pies through NF-kB signaling pathway: mecha-
nisms and perspectives[ J]. Expert Opin Ther
Targets,2023,27(6) :503-515.

[35] WANG T,JIN C, YANG P,et al. UBE2]J1 in-
hibits colorectal cancer progression by promo-
ting ubiquitination and degradation of RPS3
[J7]. Oncogene,2023,42(9) :651-664.

[36] HUANG Z,ZHANG Y,LI H,et al. Vitamin D
promotes the cisplatin sensitivity of oral squa-
mous cell carcinoma by inhibiting LCN2-modu-
lated NF-kB pathway activation through RPS3
[17. Cell Death Dis,2019,10(12) :936.

[37] GLAVIANO A,FOO ASC,LAM H Y,et al.
PI3K/Akt/mTOR signaling transduction path-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

743

way and targeted therapies in cancer[]J]. Mol
Cancer,2023,22(1) :138.

STOTTRUP C, TSANG T,CHIN Y R. Upreg-
ulation of Akt3 confers resistance to the Akt
inhibitor MK2206 in breast cancer [ ] ]. Mol
Cancer Ther,2016,15(8):1964-1974,

YI X,ZHANG C,LIU B,et al. Ribosomal pro-
tein [.22-likel promotes prostate cancer pro-
gression by activating PI3K/Akt/mTOR sig-
nalling pathway[]J]. ] Cell Mol Med, 2023, 27
(3):403-411.

ARTEMENKO M,ZHONG S S W,TO S K
Y,et al. P70 S6 kinase as a therapeutic target
in cancers: more than just an mTOR effector
[J]. Cancer Lett,2022,535:215593.

GANESH K, MASSAGUE J. Targeting meta-
static cancer[]J]. Nat Med,2021,27(1) ;34-44.
PATIL T,ROHIWAL S S, TIWARI A P. Stem
cells: therapeutic implications in chemotherapy
and radiotherapy resistance in cancer therapy
[J]. Curr Stem Cell Res Ther,2023,18(6) :750-
765.

CHEN S,DU Y,GUAN X Y.et al. The current
status of tumor microenvironment and cancer
stem cells in sorafenib resistance of hepatocel-
lular carcinoma [ J ]. Front Oncol, 2023, 13:
1204513.

LIM Y,.FAN L N,HAN D H,et al. Ribosomal
S6 protein kinase 4 promotes radioresistance in
esophageal squamous cell carcinomal]]. J Clin
Invest,2020,130(8):4301-4319.

SUN F,WEI Y,LIU Z,et al. Acylglycerol ki-
nase promotes ovarian cancer progression and
regulates mitochondria function by interacting
with ribosomal protein L39[J]. J Exp Clin
Cancer Res,2022,41(1):238.

HIDE T,SHIBAHARA I,INUKAI M, et al.
Ribosomal proteins induce stem cell-like char-
acteristics in glioma cells as an “extra-riboso-
mal function”[ ] ]. Brain Tumor Pathol, 2022,
39(2) :51-56.

HIDE T,SHIBAHARA I,INUKAI M, et al.
Ribosomes and ribosomal proteins promote
plasticity and stemness induction in glioma
cells via reprogramming [ J]. Cells, 2022, 11
(14) :2142. CRH#:H5 749 5O



