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[HE] HM %I carfilzomib ( CFZ) 28 i e 0w B B WUTE #E B AL . 58 BALB/c /NS T He RN 45
Wk C26 AMAR, F4 ER RTS8 40 H BALB/C /)RR BEHIL L Z 3875 43 M i 41 (HC) \CFZ TR 41 (CP) (CFZ 3R
ST (CT) SERBTA (CC) R4l 10 H o Wi & it RS it B B R RN 3, 3R )5 56 5,12 2K CPLCT 4143 J1 I8 Jhs v 459
CFZ,%5 19 RACFERUARAS . B /N HERA L i sed Jo g, D02 i (A AR, ELISA SR AG I I 375 ' 28 i 48 ok & T K-, qRT-
PCR F1 Western blot #llHER L ATF2 . pATF2 MAFbx 1 MuRF! () mRNA #1178 (/K7 59 /NG & FHEG VLR & HC
20 >CP 4 >CT 4 > CC 4 (P <0.05) , Jifyed i e AAFL CC 40 > CT 4 > CP 4H (P <0.05) ; M35 B & LS Xk Z 1T, ik
WL ATF2 MuRFI il MAFbx mRNA K 2 (45t HC 4 > CP 41 > CT 41 > CC 41 (P <0.05) , ifi pATF2 55 ATF2 [y L {H CP 41 >
CT 20 >HC 4 >CC U (P <0.05) . 58 CFZ LB Iy 30s o/ BUE 85 LIS RE T BB S 301 pATEF2 [ i BELIT ' 2% i 4
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Carfilzomib ameliorates skeletal muscle consumption in mice with cancer cachexia

and its molecular mechanism
Wang Qiang', Zheng Yueyong' , Peng Xudong' , Kang Qingjie', Deng Dawei’, Tang Hua' (' Department of Gastrointestinal
Surgery, *Department of Hepatobiliary Surgery, the First Affiliated Hospital of Chongqing Medical University, Chongging, 400016, China)

[ Abstract | Objective To study the role of carfilzomib (CFZ) in the amelioration of skeletal muscle
consumption in cancer cachexia and its associated mechanism. Methods Cancer cachexia model was induced
by injecting murine colon 26 adenocarcinoma cells into male BALB/¢ mice intraperitoneally. BALB/c¢ mice
were divided into 4 groups randomly, including a healthy control group (HC) , a CFZ prevention group (CP),
a CFZ treatment group (CT) and a cancer cachexia group (CC). At different time points, food intake, body
weight and spontaneous activity were detected. Following administration of CFZ intraperitoneally twice a week to
CP and CT groups on the days 5 and 12 after tumor cells injection, respectively, all mice were sacrificed on day
19. Mouse body, tumor entity and gastrocnemius muscle on the left side were accurately weighed and the
volume of tumors were measured. The serum levels of renin and angiotensin [ were detected by ELISA. The
mRNA and protein levels of ATF2, pATF2, MAFbx and MuRFI were detected by real-time PCR and Western
blotting. Results Compared with the CC group, the weight of mouse body and gastrocnemius muscle were
both increased in the CP group and CT group (P <0.05), which were still lower than that of the HC group
(P <0.05). The tumor mass and volume of the CT group were greater than that of the CP group, less than that
of the CC group (P <0.05). Compared with the CC group, the levels of renin and angiotensin [[ in the serum
and the mRNA and protein expression of ATF2, MuRFl and MAFbx in gastrocnemius muscle of the CP and CT
group were decreased, however, the ratio of pATF2 to ATF2 were increased. The above results had statistical
significance between the CP group and the CT group (P <0.05). Conclusion CFZ ameliorates skeletal
muscle consumption in cancer cachexia mice, which may be related to the inhibition of pATF2 degradation
resulting in synthesis block of renin-angiotensin system and the suppression of ubiquitin proteasome pathway and

tumor growth.
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JiyEE M55 i ( cancer cachexia, CC) 21l 40 1Y
BFR SCHREAN BE B o8 4 005G 1 HEAT P UL ZH S
(A 8 BA BRI H 2 ) | IF S Bt — D IR
FRIEMZ I FLE AR . YRR, 4 50% ~80%
S PR s A TR e IR Y UM 30% £y
i JeE R L 2 0 T T R R AN 2 E A B
SR, 1240 1k, B — A G B BIR YT b8 Wi Joa (1) 3R
W, A% Gt 1 5 3% SR AN RE 58 4 0 5 X S g i R
B DRI B R TR A K R HLAR, SRR Y
TRYTHE A, X v AR e BT 1 B T AT B R

iR s o LR IE S S L R L E 4, S
Ao ITAERESE 12 3R A R 58 AT LR it o9 o
5 TIORE R A B s LR R B R A Sk R
RGN E ARG E A BN, B E 1]
DAL EE 05 2 8 A AOE i AR i L T
IR 1k % s 18 7% I T 2 ( phosphorylation of activating
transcription factor, pATF2) T UL # i 5 & % 57,
pATF2 [ 5 7] fy ¥z K & 11 8§ 14 F% f# . Carfilzomib
(CFZ) J—Fh 2 (BRI G100 mT LU i) 20 40 f0 2
FARREAACT 1, ) s AT LA A e A 10 R, AR
WH9E & 7E 38 1 $R 1 2 g A R CFZ 68 A5 410
pATF2 [Efifk , 35548 itk g S B i H A

1 #MREFE

1.1 ##

bk 2 2 BALB/c /INEL, 6 ~8 J& /A JFi it 20 ~22 g, SPF
9, WE THERERN R AL PO, /N BRAS I 98 240 i bk
Colon26( C26 ) F IR 122 B} 2 i &g S 56 28 W9 5% . MAFbx #l
MuRFI $i4& (Santa Cruz 23 ) ) 5 ATF2 il pATF2 344 ( Epitomics
A7) ; GAPDH A Z 450 CR DU H = A= 9y R A 7] ) 5 Western
blot AHOGIEHF & (R RAH ) s B R AMAE E 5K R [ ELISA i
& ( BIOFINE 2 @) ; Real-time PCR #H ¢ 55 & ( TaKaRa 2%
A]) ;515 (TaKaRa A ] ) ; CFZ(Selleck 24 H]) o
1.2 )i o B AR I By AR AL 0 58 52

40 HUNRIRREALECFE R 5>y 4 20 (R ZH (HC) (CFZ i
BFiiZH (CP) \CFZ 3G Y7 41 (CT) JESE AL (CC) , 4 10 K, &
PEPEMRFEL J, 3 O B R A BT Y C26 45 17 i 201 P B 0. 1
mL( % 1 x 10° A~ 40 it ) 70 T CPLCT, CC 41/ LAY Zc i
T, HC /NP AR AU AR B R K, B A B2 E 0.5 h 58
Ao S B BT T o s 0 P e A AR, P AR R A K
V=ab’/2,a.b AOERMIE KBS S8R . 2R/ B A ik
A IR EH G208 B AR E R I, O BRI i T R3] 5 R

cancer cachexia; carfilzomib; phospho-ATF2; renin-angiotensin system; ubiquitin

AT Gei T4 25 S, B A T
1.3 Al

B IRE B /N BB £ i IR T R B R R RIOIRAS . R
JEH 5 K CP A /N R4 T W i T 55 CFZ 2.0 mg/kg (45 JH]
2 90) BT s 12 K AR R, CT 4145 T I I i 9 CFZ
2.0 mg/kg(43JE 2 W) IEYT, HC 410 CC L4 TS8R BUE BEER
Ko 5519 KEGE KL, 2 FE 1 h J5 0By , A7 T -80 C
VKA FH 5 JB0 S0UME Ak B8 /I B, 4 35 JHE I JUL R Jie 9 20 41, R 1 /)
SR SR A 0 P R JOIL 55, 00 P g8 A B ol P L 4 480 e 22
R, G ET - 80 CHRAF.

1.4  Real-time PCR # | Mt 3% WL ATF2, MAFbx
MuRFI mRNA % A&

JREUHEZ ILZH 20 RNA I RNA 4f B Flufk B, 306 7% 5% 4 il
c¢DNA, ¥ SYBR Green Realtime PCR Master Mix ¢ Y& iz 5
B, DA S i) cDNA ShASEA R AT 4 86 SN, BT 51 ) L2 1,
10 wL SRR ZR :2 pL ¢cDNA, 0.3 pL E.Fi#519,5 pLiR&
Yekh,2. 4 WL WEEAK ; R 45 F A :95 C AR PE 1 min, 95 C 4
P£5 5,60 CiR Kk 15 5,72 CHEMH 15 s, fFEF 40 ik, HMIH
mRNA FARR 2R KPR 2 4 2. FAE 3 L,

®1 ZBEESIMWFT

Ean| ElkZlgdl
ATF2 [#  5'-GCCCTTCCTCTCCTCAACCA-3’
TUF  5'-AGTCCTAACCAATCCACTGCCA -3’
MAFbx LiE  5'-GAAGAGAGCAGTATGGGGTCAC-3'
Ti# 5'-CTTGAGGGGAAAGRGAGACG-3'
MuRF1 LWF 5'-GGAACACGAAGACGAGAAAATC-3'
F¥#  5'-TGGCTATTCTCCTTGGTCACTC-3’
GAPDH EWF 5'-GGTGAAGGTCGGTGTGAACG-3’
Tif  5'-CTCGCTCCTGGAAGATGGTG-3'

1.5 Western blot ## ATF2 , pATF2 , MAFbx , MuRF1
Eakik

0.5 g HEBLLHZUI A RIPA 24 5135, B0 I T
W5 AR H BTR BE ( BCA 12:) , FH 10% SDS-PAGE 43 25 i HL VK,
PVDF AR, 5% s 4 W3t 04, Of- 5 ATF2(1:2 000) .pATF2
(1:2 000) ,MAFbx (1:1 500) #1 MuRFI (1:1 500) ,GAPDH
(1:1 000) HriASEE 4 °C b4, TBST W PP, 15 AH WL — 40 9%
B b Rk . HE 3 TR,
1.6 ELISA #iml fn 75 B & A FRE N 4%

ViR — 80 CULTEARAS , Fi BEFR UE & , FF I L& AR A S A ]
e BR A i T ST AR h 28 1 B 0 3 s v o L % A
BRI 2 AEFL) , &, ek, W, &k RN JE, T BEts
A 450 nm P AR T 45 FL ISR 2 BEAE [ D(450) 1, ARPEAR
HERD 2 B A2 AR Y D(450) (HAF I REA Y & 82 .
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HHRR & + s R, R SPSS 19. 0 Geit 4k, Z 4 1
BER AR 5 22301 , 4L IET 5 P LR SNK-q 62565

HR

CFZ 3¢/ R —F R A= i 9 £ K a9 45 A

05 d J5 CC 41.CP 40 \CT 41/NRU M Bz R mT fish B2 byt
12 d J& CC 4L B bt 3% PR B B A AR G
G FURURS . B P A BRI Shii 2D RS PO 4R 4580 T R B
2 CFZ THUG , 55 19 K/ BT 1 F1HE A7 LT £ HC 41 > CP
#H> CTH > CCH (P <0.05); H CFZ R 1 25 30 e i1 4=
K, 3 /N UM AR RN BT i CP 2 < CT 4 < CC (P <
0.05) ; Bk U2 2, mijed /BB & RS L HC 41 8 ERE(L,
R W 22 5 (P > 0. 05) IR A L

2

2.1

Fx2 FHNRE XEERE HEFENRE MERENERETL
(n=10,x +5s)
205 EEE(g) MBIV (mg) TR (g) AR (em3)
HC 4l 24.85=+1.36  137.5+13.29 - -
CP#4  22.50+1.36° 110.8 £13.70*  2.26 +0.36" 2.54 +£0.412
CT#4  20.38+0.81%> 102.93 £9.80%" 3.38 +0.40°> 3,90 +0.482>
CC#  17.24+0.90%¢  74.57 £6.37%> 4,87 £0.39%Pc 5 47 +0.482c

a:P<0.05,5 HC 201t % ;b: P <0.05,%5 CP Zatb%i;c: P <0.05,
5 CT ks

2.2 ELISA #ml /s R e i B F o fn 5 %5k £ 1T A
K
SERTLE 1, 78 CC Al bl i 5 28 Al A 5Kk R 1 3Rk K
ST HC 44 .CP A1 CT 4, H CP 4 .CT ' Z il 1t
CC 441K 55.01% 34.77% (P <0.05) ;CP 4 .CT &1 Ifi % %k
Z 3 CC IR T 46.40% 31.43% (P <0.05) ;4541 6]
Boitae2: 7 (P<0.05),
2.3 Real-time PCR # ] > S HEM WL ATF2 \MAFbx #=
MuRF1 mRNA £ i K-F
5 HC 41 thas, faf 988 /N B Bk A L3S K] ATF2 . MAFbx Fl1
MuRF1 mRNA k8B 275 (P <0.05), 5 CC 4L, CP
2H/NEUHERZ LIS H ATF2 . MAFbx Al MuRF1 mRNA 383k & 435
A T 33.97% .68.59% 51.65% (P <0.05),CT 20 /N B HE
IR ATF2  MAFbx 1 MuRF1 mRNA 323k 4> BIEK T
14.14% 38.05% 31.78% (P <0.05,[& 2) .

25¢

abe

2.0

1.5

1.0

ATF2 mRNA A% ik

0.5

MAFbx mRNA X 23k
O = N W R WL N 0 0

0
HC#4 CP#4 CT# CCH
gl

HC 41

CP4l CT#4 cc4

415

HC4l CP4l CT4l cc4dl
215
~ 1201
»JR abc
= 1001
o
;é 801 ab
a
= 60f
¥
Mg i
#n 20 ®
= 90
HCZ4 CP4 CT4 CcCH
2151

a:P<0.05,5 HC 28t %;b: P <0.05,5 CP & tbdx;c. P <0.05,
5 CT sarbsx
E1 FAMRMFESE(A)MOEEKREIL(B)RIEKE

2.4 ) RHEM L ATF2  pATF2 MAFbx #= MuRF1 %&

B R &k KR

RN 3 3, 5 CC 4l ki, CP 4 A CT 4/ Ay JHE
A2 ATF2 MAFbx Fll MuRF1 925 i Rk BAR T RE(P <
0.05) ,{H2 pATF2 (7 [ i R A K PR (P <0.05) ;CT 4
i) ATF2 .pATF2 MAFbx F1 MuRF1 & (4 i %6 ik 7K S HL CP 411
FHE (P <0.05) . pATF2 5 ATF2 [y L{E, CC 4131k HC 41 .CP
2] .CT 4K (P <0.05) fHJE HC 405 CT HE R TS5 L
(P>0.05),

®3 HHANRHEBA ATF2 pATF2 MAFbx MuRF1 % 5 48
MRIEE (n=3, x£5)

25 ATF2 PATF2 MuRF1 MAFbx pATF2/ ATF2
HC4l 0.228+0.066  0.147+0.026  0.185+0.110  0.146+0.019  0.646 +0.040
CPZl  0.351+0.0232  0.285+0.0888  0.425+0.0102  0.298 +0.0152  0.816 +0. 663
CTZl  0.484+0.0362>  0.339 £0.0158>  0.699 +0.034ab  0.471 £0.020ab  0.704 +0.060P
CC4l  0.6158 +0.043abc 0.259 +0.020abe 0,743 +0.022abc  0.559 +0.011abe 0,421 +0.0253b

a:P<0.05,5 HC 411t 4;b:. P <0.05,%5 CP 4aktb4k;c: P <0.05,
5 CT b4z

abc

MuRF1 mRNA %33k &

0
HCZ cP4l
4151

CT4 cc4l

a:P<0.05,5 HC 2034 ;b. P <0.05,15 CP 2014 5¢.P <0.05,%5 CT 40 rb4k
B2 &4/ ATF2(A) MAFbx(B)#1 MuRF1(C) mRNA 83} 5 kK F
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W ——— < N\TF2(72%107)

< pATF2(72x10%)

e — — — ‘*MAF])X(42X]O3)
AN SRR AN @ G APDH(37x10°)
- -

1:HC #8;2:CP 48;3:CT 48;4:CC 41
B3 ZANREEFA ATF2 pATF2 MAFbx MuRF1 #1 GAPDH

BARRAAF
3 g

i S Joi LA e 30 PN A R R LR Y
(PESASTEIR LU EY) BEAT PR I #E S B 35 R AE , [R] B
HIRE K I £ T oh ek X7
TRICTRBE b S0 £ 355 4 A 075 BB, 4 2 ER 35 00 A A )
B, BHNERSZ REAMMKERS . AREKR
GV TR E A RS CEM R E A (T
HAM) REMER S EEABREFHNEA L, H
i e A Jo & A R TR B VIR AT 2

CFZ 2 —Fl 5 i A5 1T 536 P 2 1 e A 4 okl 70 0
CFZ AT LA A4 s I i 2EL 218 ) BT A 2 48
T PR AR T Bt T L ) ek AR B D A4 g e
MR R R A KO B SROR T 2 (ATEF2)
SRR T SR ORI T, T
PEIE A pATF2 0] LIl Z ¥ 1 ('S %) Rk,
B R M KR R G A I s Y & A kR R
HEREEMEHD O, Hoh 4 Sk 2 1 o] LIS 1E
B LA R S 2 0k 1912 R B H AR R G0 1) 3 e il
E3 MuRFl fl MAFbx T B i B a5 L L B % 2 i 4%
SRR LA M Bk E 1T BB A 7, M Bk
R EFALBE W /E R T8 Bl & B 5K 2 1. Desch
SV, cAMP S I TG 45 4 T 1 25 5 DR 9 41X
cAPM B TCF 45 G H, I pATF2 255 T cAPM
BV TCFEE A E A, i LSE Rl B R Rk, HH
Tk 1 70 T LA A I A7 5T 2 T 3 e 5 AL
MG E R E R, AR A ) 3] 2 75 T L3
M AE KK ZR RGN0 5% e e S o 2 DL

ANSZ UG AT & B, CC /N B H T b 88 ) 98 4
ATF2 3500, 12 2586 A A 28 0 15 P o T A1
pATF2 5 it pATEF2/ATF2 1 {8 K& ; R B 28 ELISA
K&, MG ZAmEEkRIELAEHRT
pATF2 T[4 1 5 2 484 =5 ; MuRF1 F1 MAFbx [ mRNA
TR 1 20 7K 1 18 o T 6F 48 JUL A i 356 o5 P9 kg CC
/IR E R LB 0/ e o i S AR AR
2 CFZiR97 )5, ATF2 Fhf-K, 2 RE AR RS

PERREAR TS pATEF2 B, {15 pATF2/ATF2 A
o 5 R 00 37 1 25 A A R 3R T 3Rk S AL, MR AL
MuRF1 Fll MAFbx ekt [ ; /)N B B 1 i 2 388
JHER LR 38 0, R PG s i B R 4R T A A
i N, H8 CFZ Al LIS fife i oes S 05 o A
[) B e A I 25 7 TR FH 24, R0 SR I E 1n,
AT RE P Ay FR 0 e 7 A /0N 10 X BLAA R S8R 38 2L ATE2
Feik/b s CFZ LI g 2540 ) ey A K B pATE2 [ A i
i 8 E ok = 1K 829820, MuRF1 3 MAFbx 1}
FEIRUR A | R M RE B LIS Ao s /L o S 45 B 4000 1 0 ek
W TR LA B

25 LTk, CFZ 22 fifk I fg 28955 - 5 LY #€ 7] fig
WIS 0] pATF2 R, DT ) B 2 A% 4 05 LA BEL I 1.
BRI E I, (45 MuRF1 1 MAFbx 363K TR
AR AT B -5 B2 H] MuRF1 i1 MAFbx {605 K fifes A=
KA K, HI, CFZ A5 5 5%k 10 55 FIE 7 i g 2 5 o
B2 o AR R e o — A 2 N TR B E,
CFZ 2 it B S0 Jo (1) HE R S 75 104 HLAth £ 5 30 % AT
T BT

SE 3k
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A U ANHERR . % AR R A, o5 RN B B, e
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(225001 T35 N, N K7 PR B B 220

YRIRITE , A [ M S A e, ek DXL BB ™ 28544, 4L oM BB
N (B 1C) o e 4k 458 (&l 1D) : CKpan,CD31,CD34
(¥ +),AFP.CK19 ,CK20,CK5/6.CK7 D240 . F8 .GFAP P63,
S100 . TTF-1,Villin, NapsinA P40 ( 3-) , Ki67 (4] <5% + ). %
P RS L R R IS N RS, A5 S, R I 53R R Kk
ARJG BE LI B, TR s WS . &2
W« AN A R M L R R I P KR A IR RS . 3 AN AR T2
A3 i MRI 35 FHHE R 2l AR X LK T (555, R
AL S RIS A kR W B ok (B 1B) . BRTEH %
YIBEI

3 SRR

A RATHE 3% K A MRI; B AKJG 3§ 3% s Al MRT; C. HE 3 & 3L55
400) ;D %.9% 204% CD34( + ) (S-P x400)
B 1 BEEAEVIRARIEIEESLS MRIRAR R EREZENE

EHE J&— 07 UL A% L He R 20 i A 0T 1 1645 P4 4 ot
1 Weiss 251" T 1982 4F 1 k42 Hh I 44 4 EHE, HA: 902447
(F#2128 W)



