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Abstract: As an important biological process, ribosome biogenesis determines the rate of protein synthesis
in cells. However, ribosome biogenesis is abnormally regulated in tumors under strong growth pressure.
More and more evidences have shown that abnormal ribosome biogenesis might promote tumorigenesis and
malignant transformation. It is gradually considered as a feasible therapeutic target for many types of tumors.
This article briefly reviews the process of ribosome biogenesis, its abnormality and regulation in tumor, and
drug targeting ribosome biogenesis in tumor treatment.

Key words: Ribosome biogenesis; Tumor; Tumor treatment

W . BBAAEANSRAMEA TG AN FIR, AR TWRATGRERNERE, EMNBM
JARE B A REAT, MG T HABKRED G RE LT FIRIE, ARRME S OB ENEIER LD S
R T H TR B W R A KR, It B C LRI A R S AP 0 — AN TR ST e b, K
X RtR R T AR A SRS RA L EMN B TR F AR, DA H B AN SR

I 5 44 BIF S0 R

FRE: AR AEMAR; W, WL

FE4S#ES. R730.5 FFR AL (R TR R 55)HRiRA3(0SID) :
0 3|8

WA AR P 2 1 BTG B Al
SER A ML D RE . B BUBMAZ IR Y i R
SURBRHRAED A N BRI & B — 1
JEE R MRS B R, B A AP, B
WA G AL ARNA (ribosomal RNA,
rRNA ) 555 . rRNARFTAIN T AZME 147 3 20 3¢
Mt . EAART, BR T I RNAFAZ B A S A
( ribosomal protein ) , A #8300Fh A% b4
F A R T AE AR AR A W B i 3l e vp R 484
L, BT THRR R R R R

ARG N, T 0 2 M 20 e 2k 2k
Ko, AR A DA B B IR 2 = AU B
F A AR R A TE 1, (B BOR 2 i 5T %
AR A E 6 ) S, AL R A B i 1y 34

B

EEMA:

fEH B
LR Qe

BIEEE: ke (1977-) , B, i+, &, £%
INFE R IE o-T Jm B2 F A%, E-mail: honghezhang@zju.edu.cn

TEEREN: Amm (1994-) , %, MEAiE, 2K
FIPIE T RE R

2019-09-09; f&EIHER: 2020-02-10
BRaRAFEL®HERD (81871937)
310058 AL, #iTKFEFRBILFE SR

TR i 14 0 T Rl 2 S BeRE 1) A AL,
RN A )5 B e e A T BB O o AR
R FAN TR SR AR A L B A A B R
AR TEIIR AR

1 ZEEREMERIR

YERAME N A R U E A g, ERE
VIR R A R /NI ZH A, FBRTTRE R4, Fhy
60S IV FEFNA40S /NI Ak o AZHE MY /NI L84
rRNA SRR R AL, /NIEFAL 5 T 18S rRNA
IR E R . MR EEAL S T5S rRNA
5.8S IRNA | 28S rRNALL K ATRAZHHAE .

A Y& S R I (B4 ) o FERNAKR
AT PR T (selectivity factor 1, SL1) | |
254 R (upstream binding factor, UBF) | #%5%
HCARAF1 (transcription initiation factor 1, TIF-1A )
L 2L 11K F1 (transcription termination factor
1, TTE-1) fEHF, #ZBi{ADNA (ribosomal DNA,
tDNA ) #45% 5478 pre-rTRNA, 47S pre-rRNAJEH 18S
rRNA, 5.85 rRNA, 288 rRNAHBRA] I rRNAF]
A, X = FhrRNA & M7 51 7 i T . rRNASS
SRR HRNAR A T ATEH e, IF HrRNARKY



*394 . AbyERn 6 1 312020 55474555587 Cancer Res Prev Treat,2020,Vol.47,No.5

- rDNA
mnscrimm 585 28S 47S pre-rRNA
485

’ 12— 585 b
9 processing and
% 5S rRNA X modifications / 285
185 pre:GOS'"

b g5 285 90S pre-ribosomal
o 5 particles k
- "'

! ass

pre—4OS Late maturationand export
nucleolus

eI YA AR A Y, 1SS rRNAY
FAERZR P HRNAR A M MAEH TSR 8], X
A dAE, #RAFTEITCAITE B AT

Pre-rRNAFL SEA B AL 45 . 37 U) 20 SR
b2 &M, 47S pre-rRNATRE L 3], VIRZ
R SR EBEF 5. IF HAE/MZ{-RNA (small
nucleolar RNA, snoRNA ) FIZHZ%E T (ribonu-
cleoprotein, RNP ) JE W E GYIEA T, tRNAK
AR, ALHE IR AR TR,
1452 A 28S . 18SAHIS.8S rRNA, X FirRNA
MEFEBME, A FFrRNAM IESTS L 50
REAMZEEY,

TEpre-rRNARY N Tad B2 Hp, % 0 A 4 2%
IR F A AR & 1 2 DL Rl 9 7 X4 2 Bl pre-
rRNA I, BRI AR, ( pre-ribosomal par-
ticles) . 28S. 5.8S}25S rRNA 5 #Z AL FH4H i,
pre-60SW/ 3L, 18S rRNA 5 AZMHAE 1 4 i pre-40S
WL A A 2 DR R A WA B R TR AN A TR
HAE R, JFE R LR G Y s i B A L h =
SRR R 425

HIAZME AR ORLIE B, 82 A% 428 B 1
s B\ . YBEYIE S, AiAZ b AR
K2 P i NG 7, 4G pre-rRNARYH#E— 21
T TR R 42 D S g B R s TR 1
AL, B EL A BHIRRE T A b Ak

MR A& B — N AEE E R, ¢
T N & LR I v R e 36 . I
KXW ) A IR AN ZE A B F3RATH T
FWE ALY G S IR Z T e 3R

2 MEBRZERENERNEE
FT T PR A A I B, AR R B RE T 1

mature40$‘_\ ¥ o

60S

mRNA

ribosomal proteins and
ribosomal assembly factors

., mature 60S
40S
505 HRNA
Final maturation ) 7 P 3o
e € El BB A TR
\ ribosome  Figure 1 Process of ribosome
biogenesis
cytoplasm

SR, TENMR AR D A R B kA, B
R o
2.1 rDNAMAFEE

N DNATESE R PAEAE B E A DL, BT
MRk BARER BREREL )T, BN, X
WG AR AR S, RILZ RIS AT,
BE S HEATS pre-rRNAK47S tDNA LR T-5%F
ANFEGLER b, sk 4 5S IRNAR)SS rDNAJE
D T 10 A H e etk b ZER— 2 i il
FGE EIEAEAS R, A ErDN A JE R 54 19 45 44
AR,k DR 2 R HE R AR N SEAA R A
UL e R A 22— bR R I
P AREA I 2 FE R AL A 2 20, iRd hrDNA
(R4 DB S W A 5%, HFHRZH
JiEE 8 %% 4= T 47S rDNASE LS 26 FI5S rDNA
P DURCY 965 e — IR T A S A 5% & B
rDNAE DUSH AR b5 it XU A5 56
2.2 RNAG S

RNAG 5 5 A FErRNA G S I FIrRN A%
WisEw o TEIR R MRS B 4141 47S pre-rRNA
()35 e W i o IR 45 B B 41 21 47S pre-
rRNARFA R 7E R ZHCE SR e s
HA P R IRNAR LK TIEWHA, ERE
KT A B 2 b R IRNA R kK Tt
H A 7E bR FHr RN AR i R iR AN AR 2, HE
AW R IERZE R FURIE A R T, (RNAKY
S LB i 5 . R, S5 1RNAK
A 1A 805 R - 22 0 g o 118 28 78 B 7 i g vp
rRNABi 51
2.3 WA N R AR AR

C A IR 4l ROME A B 1 O IR 28 A8 82
SRR R R e R BUR I B IR A



AYBBRH S8 I ZY2020F 55474525588 Cancer Res Prev Treat,2020,Vol.47,No.5 e 305 .

b AW #E-Ai %21l ( Diamond Blackfan
Anemia) S5 AATE (1L FRPS19, RPS17.
RPS24, RPL35a, RPS7. RPL5SFIRPLI1f}ZE4s
A, B EZRE R A RS PR N 5 R
ML 5 RPS14MY287AE 5 2 ME 88 & (A LA 1K) 2 Bk
A oM Sk — R8N A A BT e 4
2R e A B 5, A 2 g v o B AR (A
VL A 28 AR AR S, fldn, 5 N R
RPL22FYZEAE | 7E 2P T4 i 25 9hk B8 4 6 11 i3
RPL10, RPL5, RPLIIAYZAE | 25 H e RPS20
(Y GEAR LA R e S HHRPLS A 58 7%

2.4 EHHAE PRI

EZ R h R IR E i A R iAw b
¥, fl4n, RPL5. RPS3. RPS6., RPS8. RPSI2
TELs i Th Rk B T IE W 45 B B IR 41,
1E B A S M R P RPLISHF A & Fl. 7E
NEIF A U240 i & P A I 2 RPS8 . RPL12 .,
RPL23a. RPL27. RPL30 mRNA/KFTHEY,
FATCGA% Attt B0, SIEFWAZUHLL, M
LH LA ER 1 2R KT I S B 0 T 30%
It B VF Z R B AN AR R e i vh 2R B B i
By, B4n. RPL21L1FIRPS27L 7 L9 Fi H
WA #as B, MRPL21E L R,

A 2 B v A b A A B A S A T
B3 —M R, EIEFAN TR o EA S
MITRNAA B, BT T 205 e 40 7 L
AR ZER A & . I H 5 o 240 i 25 0
Hu, AN R AR AR A B A R A A A
Pk B m RN A DA I8 5 e i (R ) s 10 AR
1M, T 4055 e 20 i 2 (B A A A A 1 B A7 A
Z5bE, BRI EMIEA T, A S
BRI R A, XA R ST B R A AR
A METAMEA, BHREY G Rz 20 7™ 4%
¥, FFHAET AL T, rRNAG B
HREAK . AR A6 1z B 46 TR DT 4
TA M RRAS, TE TE MR Y S e TR
&, BARMERPLHLA A R

3 BpERd R AR B IR Y& BATIRE
BRI AR S, IR T2 R0 A
ENMROEC VR SRIIE Frp SR e P& oy
T B . B A R BNV 2
DK R 1 240 I A R £ 5 5 e 1 T A e
FEALFE . RAS/RAF/MEK/ERK . MYCHIPI3K/
AKT/mTOR . X838 B i 1 — DR 2B M 2%,

S A A A R B
3.1 HEEHEFMYC

e TMYC (c-MYCHFEH =) ) Bhew
WA 12—, FEZI50% 8 AE i 5%
ik, ERELS AR KA IR, RV 2 A%
TREE . rRNASN T FFEERE T3 . MYC
B E AR A Y A B EEE TR, BREE
P ZFPRNAR S ZEMYCUR 3h 4 s
MY CETHTT R ZRNAR GBI #4553, fdh
R AE AL . MYCH 2T RNAR A T4
S S, BEIRRNA . SSRNALL K HiAth/NRNA K
K5 5% [FEE, BFERIIMY CH SL145 &2 i
SLIBHASEBIrDNAJG 8T |, HIEEHRNAR A
it T/ SrRNARH; 5 . MY CHIBEAZ A LE M) 6 %
AT AE SRR UG A A R AR & A i SR A%
3.2 RAS/RAF/MEK/ERK{% 5 i

20 A S T B B E R K 48 15 54 S 2 1k
BT, fUFERAS . RAFFIERKIIFMEK, ERK
2P TTRNAR G I MIRNAR G 1 A S H5E
o ERKEEE ML I BE UBFAITIF-1A, AT HI%
RNARAT T 4 MRNA, ERKAL B 305 — ks
FHRTFTFIB, DI HIRNAZEA G I 44 tRNA
5SS rRNAM LR 5% . nTLLINE, MY CHY
T G SRR A B B A S Rl - B, T
ERK U T & T 76 2
3.3 PI3K/AKT/mTOR(Z B %

PI3K IG5, BEIRILAK T HI%TE, 55
I AK TG 3% 3 R IFHE 5 . mTORSFAEWIFh 2 1142
&9, BImTORCIFIMTORC2, FERHEAZMAL:
Y& A EmTORC], mTORC 1 3= %58 1o 4% A
E SO (S6K1/2) MBI IGH F455EA
(4E-BP1/2/3 ) AFEAZAE 10 G B FIIRNAR) &
A%, mTORC1—J5 Thi3E55 5 -TOP mRNA K BHiF M
AL UERE A TR . 75— RImTORC1 i
UBF ) 2235 FIHG i L3R T o ik S5 Ak iy il 1k,
BERR AL UBF 5 SLIAH BAE FIB B3G5, {2iFRNA
R4 1 XIDNARFE P Ak, MEEAKTHEZ
AP FIEATTRNAREE 5%, ARG S5 I I A A
i, fEHERNAMKEN, I HRNARGH 1 1955
TE R T RS R T AKTHIfS 5. AK TR
PEFEAZHEAA: PG B E FH S T Haf mTORCl
FEAERVER . IF HAKTIA S 5SMYCHMEMER, 78
MY CHR S bk L9 A b B rh, AKTAE 5 %A% 0
TRAEW) 6 BRI A LA T JR T 1

AT FES, RAS/RAF/MEK/ERK ., MYCHIPI3K/



* 396 -

ADBBRG 381 372020F 55474555588 Cancer Res Prev Treat,2020,Vol.47,No.5

AKT/mTORAE 5 45 i 55 Tk B 7E g 1) &
AR TR GV E . 25 TR R ME 5 M XT
MR A 16 B s R E R, AT, 2
IR AW 4 B RAS/RAF/MEK/ERK . MYCHIPI3K/
AKT/mTOR H F 3K S0 e i) 220815

DRI, AR A B U5 AN SR e R A 2
R, EATRES HiE g AL A Y & A2, FF AL
WA R e Z R — A AT TR P A

4 ZEBEREVMEREAMBRTHERES

it FH 24 4400 ) A A A A g A BT DTG A
TR GrA AR = RN ST 73 U NGy B g
I, 22 A M AZ M 1A BR SR SRR, 0% T RP-
MDM2-P53155 5 38 1% : PS3f) R 15 FIE P 32 8 a7
MDM2ii$:, MDM2J&—FE3{Z R i 0, it 5
PS3ZE SIS, AR R AR A R A
WA AR QIR PLS . RPLIL, RPL234: 5MDM2
AR, MGG, 3252 P53, PS31E—Fpp
JeE A, S e R AR Fr AN A R T

B T KT PS3 AR e A, 20 1a)
WM A 16 IR 57 b8 A0 B S AR  2 A FUIE
YA, PR AN e A T 2 R, — BB
A A R IR L PRE A0 A L I R AN S S 7
FUFLM o 3X HL 2GR T B AR SR AR R T A B A
YA R AL BB, FERNAKL S | Pre-
RNAJIT. . MR 4IR5% . S0, ArE24ih
PRACHER 259, HAIRYT AR 2 /030 43 2 8 i i 4R
AR A ) & Ok S ERAY , lan, AR . YA

=1 NEZEEREN & AT B

B, BIER . OKITBEER 2245 2 CHITErRN AR,
SEACOE ARG A B, S-SR ERE |
BRAETRNAMN T A AN A A B2

5- G pR W E ] LA M 1R A, 547S pre-
rRNAZS G, PIHIrRNAJS #5204 i 9
T=o 5= 600K M5 E (1) 4t i 2 M O T P53, HAK
TFHDM2 TG . WE1RE S S DNAE N 2B, il
HIRNAZE A T 54 5% o AR B NUEA ] 4 Sk 41 1)
RNARAMG [, W APIHIRNAZR A T 4%,
T FE T RN A %L S5 K P 1410 A% W5 14 A 9 6 i o
25 RS A B kg /A 5 JEDN AR 1 A
XK, FWEFEERH, EIS P BRI AS il
DNAG 5 S AR BSCANARL, & 2 30 2o 490 il e
AW B | A R R R HeAd i
TR A P A B TR 25 L 11202

R TR S A A A A T AS 7 A s
feaitk, BHARAMEAES I EHNZiY, W
FER T fe 2 (1 2 T RNARG SR &9, el
CX-5461, Bl IBESFPEMHIRNARAEE 1 15
Al DT S BRI A M A A G . B E AR Ak
CX-5461 085 258, 7EZ2 PR 45 1 i |
WRERT . CEPRETE . RUAURE . B PR . R ELE A
P22 BRI T B SO E A . B A E A
&Yt A CX-3543 . BMH-21%:,

(R A S A — SRR 5, FFANE
A T ANIE R RNAR A T IR ok, Hoak,
WCX-Hi4E Y FIBMH-21 & —FDNAZE &1L A1),
AERS B ST S & GCEL & A GADNA Y SI A T

Table 1 Antineoplastic drugs which inhibit ribosome biogenesis

Impact on
ribosome Drug Mechanism
biogenesis
o Affects the combination of SL-1 with rDNA promoters, inhibits
Ellipticines :
topoisomerase II and Pol |
Oxaliplatin Makes the DNA bases alkylation crosslinking and inhibits Pol I
Mitoxantrone Inserts the DNA and inhibits topoisomerase Il and Pol I
Doxorubicin Inserts the DNA and inhibits topoisomerase Il and Pol |
. Mitomycin C Alkylates guanine and induces cross-linking of rDNA strands, inhibits Pol I
Inhibits rRNA

Inserts into double-stranded DNA rich in GC bases, inhibits Pol I in low

transcription i i . L .
P Actinomycin D concentrations, inhibits rRNA elongation

Methotrexate Anti-metabolites and dihydrofolate reductase inhibitor, inhibits Pol |
Cyclophosphamide Inhibits rRNA synthesis
Cisplatin Makes the DNA bases alkylation crosslinking and inhibits Pol [

Temsirolimus
Everolimus
Camptothecin(Topotecan and Irinotecan) Inhibits topoisomerase I and regulates rRNA early processing

mTOR inhibitor, inhibits Pol [

i i Translation inhibitor, prevents extension and affects post-processing of
Inhibits rRNA Homoharringtonine BN p post-p g
processing 5-Fu Inhibits thymidylate synthetase, binds with 47S pre-rRNA, and inhibits

post-processing of rRNA
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