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PR EIEEEERAERN > R B SRt a4 s mE Bl E—A R aR 7 -
OISR EENITES - fHEESEENEEABESHIHI] (proteasome inhibitor; P1) &
YIyEsie - 722 (ubiquitin) 22—/ Ny FEEMEEEE » BZAV TR EIYITE > 7E4E 2] AL
HEIRE A T S EHIEE - HTX RS E 2 L - EFSGEENE B MMEL Ak
T E B HE A EGEE (proteasome ) T LU (G FEFIA - DLERFATREAN & 0 B IR
IE © B THAHAE - FEREMVLERE - HENUHFE ATP A Re (T - SfUEE NN g —
FIAIEER DAMERA AR AR [R5 28 AF - MR A F & A B Re S R E 0 B e el
2 AN EH S Bl pb3, p2l EHMERR - MIfE 0 EAVEEE - 528 NF-«B /YEMES
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Bortezomib( 5 il 5% £ 25 1Y & [ B RSN HIE]) L — QA HIBIFH BRI 7R B0 - DARE S AV ] el
XFS T IR S B R LR EE I P AR AR -
MEF  ZE-EAMARS - ECBGEHEIE - FEREHE » Bortezomib

Abstract: Currently, most cancer treatment is still based on surgery, radiation therapy and chemotherapy,

but these therapies have their limitations and side effects exist. With the rapid development of
biotechnology and cancer molecular biology in recent years, many anti-specific target for new drugs in
cancer, such as for a variety of cancer cells secrete growth factors, growth factor receptor on the cell
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membrane or intracellular signal transduction inhibitors for several years in the application of clinical
medicine is more and more. The famous target drugs include Erbitux and Hercepin (against the epidermal
growth factors receptor; EGFR), Avastin (against vascular endothelial growth factor; VEGF), and
Imatinib (inhibition of intracellular signaling enzymes; tyrosine kinase), when with radiation or
chemotherapy, have quite good efficacy in clinical practice to provide better quality of life and the more
specific and effective treatment for cancer patients.

Recently in the research and development of new anticancer drugs, quite worthy of note is the
ubiquitin-proteasome system inhibitors drug development. Ubiquitin is a small molecule acidic protein,
widely distributed in different species, from bacteria to mammals can be found of its existence. Its main
function is to mark the unwanted, abnormal or excessive proteins in cytoplasm, and then the labeled
protein degraded via the proteasome and re-use, in order to maintain constant intracellular protein. This is
an energy consumption of the chemical reaction within a cell. The reaction must consume ATP to carry
out, this repeated cycle process to make normal functioning of cells. The scientists used the
ubiquitin-proteasome system inhibitors, interfere with cancer cell proteins constant, indeed through
different molecular mechanisms, such as: p53 and p2l1 protein accumulation, inhibition of protein
translation, or affect the activity of NF-xB to achieve the effect of tumor suppression. For the treatment of
such innovative and forward-looking, this article will introduce the ubiquitin-proteasome system,
Bortezomib and a new generation of inhibitors in a simple way, in order to let readers have a better
understanding of this new drug.
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1. AIs

TEARZ ARG B SRS T P RF AR P AR AR IRLE BV AEAR - DDA HEEH R K ThRE - 3
HREAEAFRE D N IRIGSE T - BIRE AITIVITE - MR RIEEREHE AN ETE D E RS
HYTRLIE - mTRAAR A A T AR AR [E R - 72 32-85 H B§ £ % (ubiquitin proteasome system; UPS)
IEAFRHIRUE PR E D E E ARG - RERNEY 80%E HERYIEAEE » FRIZBILASRIIER - A
FENECEREIFENEZ - HPaEZE8dERAATHNEDE - WFEHHZE (cyclin) ~ p53 -
bel-2 FEHEL IkB BLEEERIN 1 NF-«B (YR A MFFSE[1] > B ERE 2 BRI - S S Rai L H
EREARE AR EBE T - By EE A A - R S BB (proteasome inhibition) {EHTREIRIAY G
B EIRE G AR HI[2,3] -

A BRI E D EREY) (B3R - ZER0Y ~ FESEEREY - EE2NAFNED )1
fBz - 3B L AOE FRAYE 0B AT AR » JREIEE B0 & (ubigitin) - 55 {28 R2 1 £y 02 &b

(ubiquitination ) » HIBFEFLATRE L IERE R AV S BIA BE S8R - B8 SR ZAEHR IR Z 2
T WS HETT AR E L B AVERRGEE (lysine) b - — BUE(EE OB H (AP Z R E
HIE > stE sy — (B HECEGES (proteasome) MY ZRE SHCHTHEEIAETT 0 - Rl R/ N B
HERK - diiffstaes RS b E B RV (B 1)[4] - & E O BERGHIDRE Z ZHIHI T - 4HAAE Rk
2B B ]G B T -

E I EGRSHIEL] PS - 341 (344 Bortezomib ) » 7EERIK I » CASREWHX A AR L &M FHE
TEHVEEY) - 1 H AU S R M R A R RS - L EAE RS E  o FEEE RS » MR
Bortezomib 117G 2 45 M & B e AL EL At el e Xy S Y MR ~ B PR T LR PR B Bt - 5990 » te
— R [EFE A Ay & 1 B RS f71 )7 (Table 1) : Carfilzomib -~ Salinosporamide A ~ MLN9708 #1

TMC-95A HUMHREEMHE #EfE » F—fEEE[lREE -
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2. R EOBIERARONE

2R TEE 76 (B AR AT N MR B R B2 A S5 R SR R ubiquitin
CREHALT 3 ubique, everywhere 2 5 )= 26S( S Fyl (%% ) Y & H B> +&4Y 1,500 ~ 2,000 kD -
HrhELHE 20S f%.00F8 iz (core particle)f 19S FE & #E I (regulatory particle; 19S particle) —{@E& {5 - #%
OB 2 AR (Rl 88 B 4RSS R Y h 22 AR AS - 8 So B 1 B B sl DU (8RR (R (&SR + R iE A
B SESMNEHTEREN (ol ~a 7) FraHp - MERRIECHEBXREA (Bl ~ B7) AraHMKI4] -
HNERER 9L 19S SHERFERL ATPases FUFF-IE S 5 (chaperone-like activity ) - w] AR (£ ER
HHE_EZEZZR (poly-ubiquitin) 24 - GBS H R E S RIEAERE - —THE D EEZ RIRZ 2R
FEEI4HAE H A —JTEAIRKAE ATP fRELAE S - BB /B0y — = PUSRESHE - IR ERH
(unfold) & —4R&EMEE L ES I ANERSTZ=ZE L - DRI —H&EMED T2 0H - N
#EA 208 WERFZEER L AYBA 1A 1.3 nm o s ReER (I B 2R H B E TEEML - R U)EIE S BRI
Fft » 85 1 Wl 1 T B R J g A 7L 25 1 B (chymotrypsin like enzyme; CT-L) U~ 5[ 2 (i (trypsin like
enzyme; TL)ZYFORE -5kl £L-/K 755 ( peptidyl-glutamyl peptide-hydrolyzing enzyme; PGPH )% = f& -
EFEEES BRI T - BRI ERRIE I - CRlL - ZRN L - BTG - R - i
it AR P T 5 20 R P BRI Y $8 B 1T /K - REIEE VI 2R B I RE RS - IR B LB RS A g%
BB D) E %Y 7-9 (B R R AERIRERK ; 13 SR ks m] A — 20w o fife B B — e B 0
MR ERFTHIERE - ERrEAREHEERECARE TN ERESE KA EBEOIRHS
MYEALE » &R TERERY 73 A E FI5,6,7] ©
HUREAR AN G £ R e R GUE(F PR E R A - Bl E R R4 - B

TR & 2 — R R B B ) (Major Histocompatibility Complex, MHC 1) £
B AR - 5 S 4HA e - 3B SRR AR H Bl A RN RS E O RS R HY 2
Yy o thiaiE FERE y HERAE - A TR ERER 2 B ATUA ROl A RN
MRS 1 S g 7 BT LAt MHC 451(8] -

3. 2R —EOHBEHH R o RIERVNE

H AT EE (GRS HIHI O — 25 F R S SERE R G L BN 2 8B RETR - 12 31 BEREny
MR > A EE SRR Z AT NF-«B A RAFVAAEE SR T - NF-«B AYIEETE % e 4HAE
DUR AR -0 SR - e RERT S SR A B DR AR S U CIR A AR AR - R —
RN T - 4EREANZEREY NF-«B ST 1E4HREE RIS — IR O B 454 » A A4
7RI HESR TIRE0] - (BAERE AR - Z2IREER (LAY kB ERDZEE O 45 G T RS PT
FeofEt > RIS ETEAAEE -PAREL NF-«B 45¢ » NF-xB it ] DU A KRR A B R ee 4 e A R
PRIHYRLEF(promoten)45 & » HE— BLAG T 25 BA A I8 B Ko BB A RARVE DS - (ERERI4HAE
FLUE— P ~ GUBT B (B 1) - (HE A E O EERSHIHIE (40 Bortezomib ; Velcade ) #]If]
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EOBFREMIIIRER > BUD 1kB #7E AEFIEHIRAVIZSE » RIELEAAEE N NF-«B st & — BRI
IkB &EEHYIRAS - S5 AR 3 E o - MR EAEN AR > WeERET
[10,11] -

4. Bortezomib S—{BHEEEIT ARSIERRSRROVE O8RS HIE

Bortezomib (Velcade) J&—{FE¥S \AGAHAEA & ClEHE B A & R B MERY v 2 MR - 255 —
{IE[#z FDA 1 2003 b4 AT{F Ry it 26 5 M B BEIR R & [12] - 250 H Al R (-1 — FDA A&
FEETRAFY P o L1 BEAY/E AR 2B 208 & LI BRASHY CT-L JEYEIE - 4818 H m et iy T Rl VU T A 451
HyrpREY) - FERLHH & CEBRGHETE[13] - ARIE—THY 202 {ir 2545 M B B Y 35 —HHER PR ST
o S S TREEY) SRR 2 2 M B BE R (E ] Bortezomib BLRZ EASH] 2 35% -t SR
a2 16 i - FEAESEINE 12 8 H bR aREY BRI E R GFaVARRCR [14] - fEEE PR
BB - 253 Bortezomib Y2588 M5 BER4HAR - Waldendenstrom macroglobulinemia ~ JE{A] 7%
SR RN B E AR A A Y B8R [15,16] - 5] Bortezomib 2% RAVREI(EH ELHE
BERMEEN - F=u MUEBERRK - e - BRIRLUE BEHIH%E[17,18] - > Bortezomib #Y
TG > R eRHRE L B AE—E R 3 EIvAR » &5 14~ f111 RE TR ERE
(Y Bortezomib - & 28R R ] 45 58 7] A R A B 1S 351 (BRI A B8 P AEaT 22 YRR -
Bortezomib 1 EA Y& RS HERE - (IAERE R LUK Al - AR MG OH LS e %
S E RS SR IR - R H AT AR SR 5 5 -

5. Fr—REVERBERSHIHIE

Al Bortezomib HYEITEA - (FE s —HYE O BERGHIHIT 2 M n & HysEs - HAl
F R Rt R R Y 2R B S AR DB T BB 1 T AT /4 H i s2 8 H 5% A
—ELESIHE (Table 1) -
MLN9708

MLNO708 &g 244% =] (Bortezomib 7245 52 0% F] HYE fim) 38 feg Ay 55 AU AT 0 PR AR B
BESA{DIA7) - MLNO708 2 L RAY G M 2517 - HE A ABG T & 2 BIZK R HE PR 2 MLN2238 [19] © H]
Gy CT-L 26 (IBSABATSE MR - 28 LA 521 (dissociation half-life) Lt Bortezomib %4 - {H/2
MLN2238 S5 SJiEE - ELFEHI] 208 & HEGAG By R G 1 - BHEEE ) Bortezomib - FEERPRATHY
Vg PR AT A NS S S iR E A I N R B BRI R - MLNO708 fELERFE
FHL A SERURE R 1 [20] - H AT %55 — HIRVER PRI ZE LABLAB(E A MLNO708 » B /2 Bt H {th %
YIRS ERIATE - HRTIEE L ST RR - MOR - FFEMRE R EY S - T AT
o
Carfilzomib

Hr— R EB A EONGE > E8E Carfilzomib f&2iEH > HEAHEEA R R
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Bortezomib - Carfilzomib 2 —{[EVUREARES & — (&R S (epoxyketone) B H] » DIR a] 2y 77 =TI
EEREAG T CT - L fyEMEE[21] - Eb AT 2 MEHIHIRE Y Bortezomib » fro SERF A RYHIHIRCER © 554h
Carfilzomib ¥} 5 2y E —ME: 7 EE Bortezomib 5 - FEgth s T Carfilzomib HEE FE#y¥T Bortezomib
FHUEEVER 23 B SRR AR - 2 2R BT VAR RN S AR E T [22] - £E 2009 iy —1iE
FPEEEERI T - 2 E Y Carfilzomib AREFAVI 21 - (EH S RENEHEE (A7E 14
REFERE T H#40 5 RAYMEE - SCRAE 4 BHIFES - H4 3 B 2 R TaERERIEN
Carfilzomib ) » 1577 Carfilzomib ££ ABG T 4ERF 48 /NEFZ ] DAMEE A2 11[23] IS LL EERGE R -
Carfilzomib HEELEL Bortezomib A 5 = BRI - M HAE S e H ERYEIE R U - BISUZEE
Bortezomib & B 5 {EZ -
Salinosporamide A

Salinosporamide A E(f# marizomib - &7l /8 E 405 (Salinospora tropica) 3B 2RHY B- Al
HA L& )(B-lactam compound) > B2 Carfilzomib {FFIAHAT - ‘¥ 8 H EEAGE — (& nIeH IR -
Salinosporamide A {125 [ i§#G - =fE & B EME [24] - 13%f Bortezomib i EE LR % 34 145
BERRARL PR B E B > WJ5&3H Salinosporamide A ¥fHAPEELIAEIRA RAFHUTERESR - WEHY
RIS R B A TRAFAYERERCER[25] < 5551 » Salinosporamide A 74572 F5 AT /)N BRI A T
HIZE CESRGHENE - FoRILTEE QESAGIIHIE > A e T E M A SRR - BIFE EATE N
[26] -
TMC-95 A

Koguchi 25 A2 2000 4F. » f£—Ff 44 5 Apiospora montagnei fYEfEZEEER T > ZEEH TMC-95A
B FA#EY) (B~ C~ D) S837 & m] DL BE R M A I & B B » 17 A EAE SR H BgAG 20S By CT-L »
TL 1 PGPH JEM:E&([27] » TMC-95A HY ICs JE %47 A 5 5.4 nM ~ 200 nM 160 nM - HEijA Il > 8
BRI EY) - HE/ER BIEIENLE SHIH] - R Pl S EAYHTT 1 -

6. ¥&5m

TR#E 2010 FFEF A7 /5] BCC Research 317  Ubiquitin Proteosome Drugs: Cancer and
Neurodegenerative Disorder Markets | %535 1 » 75 2009 4E LA 14 (52 7T AY 2R [ B RS HIE i
55 > TR Z 1% AR & R 3 %2 (Compound Annual Growth Rate; CAGR)13.5% i K& T 5 HYGE » 7H
5t 2015 R F] 30 {&357T » i T 2R 1 BRACHIGIAY i 5 Rt 2 T i RERHY © S am B&B 5
M - 2R BRI A V8 1 R R A RS » BN 28 M5 BB R AT /BN
REBL TR R E M R T H Z 2A948% HATREF SRR ZE iRt TR D IEmAVEHE
{BHEARHRIEIE 2 RE LR - BEEE O IR IR B DR (F S st A R L - 0 EEAS
HIHIP EGET AT s R e B PR R AL AR
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Ubiquitin-activating enzyme E1 % # (ubiquitin)

r o — 2
S
,\_\

R /1 R BRORAR

ATP
AMP Fos
pro(easome

Ubiquitin-conjugating enzyme E2

Ubiquitin ligase E3

1 ZZR-E OB E 0 E RG] 2 REOHMER ATP 1% 1 BE1 BEZUS(bMEREEL £
iMmés & E B2 KOG bieft ELl FAVZ ZHEHAE B2 b mi& iR 2 B3 (2(ffE E2 LAYz
PEEIRZE b2 R ELE2 K B3 NERHIIBIRN BT B S S & 2E LIPR—EERHZ R
HEHEGAS (26S proteasome) HEZH FHZER o HEMIKFZE # -

ta 8 F (INF-o or IL-1) &4
g utaie & @ik% B (receptors)

fpl sk R
(cell growth)

NF-KB% 1t4a b 5 6 B e 4845
(NF-kB activates oncogenesis-
related genes transcription)

He
(metastasis)

iutmp A
(anti-apoptosis),

2~ EEEMEAEEL NF-«B B TR S BRI R A T - E40iEZ TNF-afg > B1E(E
IKK(IxB kinase)#E M iz L 1xB - {eff kB #78E K EgHG AT s % - NF-«B JEISREUL - (£7]
H#E AR P R B SR R S F AR R A
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Table 1 ‘A [E{LERES BT R AV O ESIHEIR

P FEXE

Bortezomib
(Velcade)

HiZE (Boronate)

u i
\/P
MLN9708 (;TJ\"’T o
I 1

Cafilzomib RS HF#E (EpoxyKetone) r\"/\ﬂ)\)\"(?\)]\"ﬁﬂt/?

A O

Salinosporamide A B-PNE&R#EE (B-Lactam)

TMC-95A FfERI#EE (Peptide amide)
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