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[ Abstract] Objective: To explore the mechanism of Liu Junzitang in preventing and treating muscle
atrophy in mice with lung cancer cachexia based on the signal transducer and activator of transcription 3
(STAT3)/ubiquitin proteasome pathway in vivo. Method: Forty C57BL/6 mice aged six weeks were randomly
divided into a blank group, a model group, a Liu Junzitang group, an inhibitor group (stattic group),and a Liu
Junzitang + inhibitor group (combination group) , with eight mice in each group. The cachectic muscle atrophy
model was induced by subcutaneous inoculation of Lewis lung cancer cell line under the right anterior armpit in
mice except those in the blank group. On the 8" day after subcutaneous inoculation, the mice in the
corresponding groups received Liu Junzitang (9.56 g-kg'-d"') by gavage and intraperitoneal injection of stattic
[25 mg-kg'+ (2 d)"]. After three weeks of drug intervention, the body weight and gastrocnemius muscle weight
were recorded. Hematoxylin-eosin (HE) staining was used to observe the pathological changes and cross-
sectional area of gastrocnemius muscle fibers in mice. Western blot was used to detect the expression of
phosphorylated-STAT3 (p-STAT3), STAT3, muscle atrophy F-box (MAFbx), and muscle RING finger protein
1 (MuRF1) in the gastrocnemius muscle. Real-time fluorescence quantitative polymerase chain reaction (Real-
time PCR) was used to detect the mRNA expression of STAT3, MAFbx, and MuRF1 in the gastrocnemius
muscle. Result: Compared with the blank group, the model group showed lightened body and the
gastrocnemius muscle, reduced cross-sectional area of gastrocnemius muscle fibers, and increased protein
expression of p-STAT3, STAT3, MAFbx, and MuRF1 and mRNA expression of STAT3, MuRFI1, and MAFbx
in the gastrocnemius muscle (P<0.05). Compared with the model group, the Liu Junzitang group showed
increased body weight, gastrocnemius muscle weight, and cross-sectional area of gastrocnemius muscle fibers
(P<0.05), and decreased protein expression of p-STAT3, STAT3, MuRF1, MAFbx, and mRNA expression of
STAT3 and MAFbx in gastrocnemius muscle (P<0.05). Compared with the model group, the inhibitor group
showed increased body weight and cross-sectional area of gastrocnemius muscle fibers (P<0.05), and reduced
protein expression of p-STAT3, STAT3, MuRF1, MAFbx, and mRNA expression of STAT3 and MAFbx in
gastrocnemius muscle (P<0.05). Compared with the model group, the combination group showed increased
body weight and gastrocnemius muscle weight (P<0.05) , and decreased protein expression of p-STAT3,
STAT3, MuRF1, and mRNA expression of STAT3 and MAFbx in the gastrocnemius muscle (P<0.05).
Compared with the Liu Junzitang group, the stattic group and the combination group showed reduced expression
of p-STAT3 protein in the gastrocnemius muscle (P<0.05). Conclusion: Liu Junzitang can prevent and treat
muscle atrophy in mice with lung cancer cachexia, and its mechanism may be associated with the protein and
mRNA expression related to the STAT3-mediated ubiquitin proteasome pathway.

[Keywords] lung cancer cachexia; muscle atrophy; Liu Junzitang; signal transducer and activator of
transcription 3( STAT3) ; ubiquitin proteasome
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R AR Ak . TESTES 8 K, i M K AR (a) ,
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T F /N B 3% 4 T B (3 mL-kg!) 3 4T JRR B, AR BRI
I, I BOSUS e HE o WURR 5, 56 43 JHE 1 WL 7 O A7
YEAT HE Y o, I AY 4 4180 °C¥ R ARAT F T AH 2R
P 0 T A
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2.3.2  HEH R EI I (Western blot) K6 T HE i L
p-STAT3, STAT3, MAFbx, MuRF1 & 1 £ i5  H/h
SUHE i LA 21 27 3%, 4 °C , 14 000 r+min B0 15 min
(B2 12 em) U B VE ] BCA B4 28 R .
B AR 50 wg 5 FREZE R FEA91IR 20, 100 °C
JNAAAEVE 8 min, T e BB R B IR TN M Tk B R
H Yk (SDS-PAGE) , ¥ B , 5% B & 141 2% vh i &) 141 I
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SN

2.3.3  Real-time PCR £ il i #% AL p-STAT3,
STAT3,MAFbx, MuRF1 mRNA %ik HUHE L4

x2 ABFHXHETRRNREEBEE (3£s,1=6)

SVRRE  WFEE , 24 5 N FH TRIzol 32 42 B ZH 41 RNA
I 2 RNA e B R0 48 B2 | 306 5% 5 S g 548 R 37 °C,
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PCRY" M, RIIAZ J 10 wL, ¥ 14 54 . 95 °C Hi s
P£ 3 min, 2 1 ADNPEER ;95 °CHEHR B 5 s, 2 40 M E
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*1 SI#HF7%
Table 1 Primer sequences
EEY| gl K /bp
MuRF1  [J#5-TGCCTACTTGCTCCTTGTGC-3' 101
T 5-CACCAGCATGGAGATGCAGT-3'
MAFbx  [:Ji# 5~ACGTCGCAGCCAAGAAGAG-3' 104
i 5-ATGGCGCTCCTTCGTACTTC-3'
STAT3 [-¥% 5-TGGCACCTTGGATTGAGAGT-3' 109

T 5-TGCTGATAGAGGACATTGGACT-3'
GAPDH L% 5-TGGTCGTATTGGGCGCCTGGT-3' 150
T 5-TCGCTCCTGGAAGAGGTGA-3'

2.4 Sty Mt R FH SPSS 22.0 45 i 8 A4 Bk A7 43
Br, B4 45 R x + s 2R, K ] One-Way ANOVA
EAT 21 8] Bt bb g, T 4 1) bb R P e/ 3 1 2
S LSD ki, P<0.05 Rn 2 5 HA G225 L.
3 &R

301 il 98 S 5T /N BRI R R AR R — I B Y
R 525 4l s SR N RO R ST LLC 4h
Jitl 8 d B AT 7 A7 AT fik B B B 0 B B R £
g 81w (B, AR R 2 /0 B S e B M B RO
FEREIR LU0 Sk >, DU R TE T, T8 R T 9 A R R R
G, AR S v SRR B P R B R, B
2% B 9 e PR IR s SRS A LA SR T Al
0440 70 26 R K A FH 24 4 i e A BB s/ L A 22 5
LG EE X FHAGHZE/NRIRIR LR ZE R
TGt E L. Wik 2,

Table 2 Effect of Liu Junzitang on tumor volume of lung cancer cachexia mice (X+s,n=6)

21 5 /g kg i K42 /em fieb 983 45 4% /em i 9 A A fem?
LAY 2.37+1.21 1.97+0.76 6.07+5.16
NHETY 9.56 1.73+0.71 1.58+0.66 2.94+3.23
k157 25x107 1.80+0.69 1.43+0.64 2.46+1.91
IS RRiE) 9.56+25x107 1.30+0.17 1.17+0.11 0.91+0.31

TE <28 FLALIR AR iR A iR AR 0.
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3.2 O il 0 O /0 B JB d L FHE B LB ik B G
AR R 52 P AR, B R A /DN R R A
JHE i JOLJ5 k13 b 9 4%, I i AL UL 2 24 A e R T
/N (P<0.05) 3 SRR H S, S T 1 4/ BRI R

x3 AETFHMMBERRNRERE HBINREREEERNE
Table 3 Effect of Liu Junzitang on body weight, gastrocnemius muscle weight and cross-sectional area of lung cancer cachexia mice (x+s,

n=6)

i HE B WU L LT 2 R AR T A B B i (P<
0.05) , 1 il 350 25 /) BRUAA J53 o K JHE s UL UL 2T &4 A 4 v
FUBE N (P<0.05) , 6 A F 24 21 /)y BRI o 2 JHE g L
BB P<0.05), W33,

Ml (x+s,n=6)

4157 Fl /g ke i /g MR WURT 2 /mg WLET i 5 3 i B wm
= 33.70+2.48 0.13+0.01 228 697.31+41 444.54
LY 19.90+4.47" 0.08+0.02" 88 628.14:13 446.55"
NEFI 9.56 29.40+4.77% 0.13+0.03% 207 436.27+17 253.87%
ik 59 25x107 33.10+2.19% 0.11£0.01 205 169.0014 790.75%
g ) 9.56+25x107 28.70+2.19% 0.13+0.02% 126 509.42+27 047.06

TE 525 AL B Y P<0.05; SR 4 A 2 P<0.05( 5 1) .

3.3 X i g A /DS BHE i WL BEE 2 B R
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208 20 B 1] Bt ;SRR A PR, 45 25 L E I L
JULET 4 o R 25 35 A BT e, T UL JUL PR 2T 4 A i
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B1 ANEFZHHRFAALL 4 EE R AR (HE, x400)

Fig.1 Effect of Liu Junzitang on cross-sectional area of gastrocnemius muscle fiber (HE, x400)

3.4 X il 98 W 5T/ BRUFE I UL STAT3 i UPS i 12
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HE B WL P p-STAT3, STAT3, MAFbx, MuRF1 # H &
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MAFbx 4 4 ik B MK (P<0.05) , 564 25 41 /) BUHE
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0.05); 5N FIHA L, Wil 70 240 396G F 24 20 1
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Kl2,%4,
3.5 X i 8 0 T/ L STAT3 1 UPS i 12 G i S
I mRNA Rk s2m 525 140 i, 1AL 2 JHE 1
Il STAT3, MuRF1, MAFbx mRNA % ik I & 4 /i
(P<0.05) ; 5HIAIZ L35, N T 4l A0l iR 4l Bk
A 25 44 e WL STAT3 , MAFbx mRNA 2 ik # B i
TR (P<0.05), LS5,
4 ITig
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Fig. 2 Electrophoresis of Liu Junzitang on expression of key
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proteins in STAT3 and UPS pathway
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R4 AEFHIUMEBEEFRNERHBILSTATIFI UPSERXEBEARENZMI (X+s,1=6)

Table 4 Effect of Liu Junzitang on expression of key proteins of STAT3 and UPS pathway in gastrocnemius muscle of mice with lung

cancer cachexia (Xx+s,n=6)

21 51 /g ke p-STAT3/GAPDH STAT3/GAPDH MAFbx/GAPDH MuRF1/GAPDH
= 0.48+0.04 0.25+0.07 0.36£0.01 0.23+0.14
IR 0.66+0.07" 0.50+0.19" 0.56+0.03" 0.51+0.12"
NETY 9.56 0.49+0.03% 0.23+0.09” 0.24+0.01% 0.180.04%
R 25%107 0.20+£0.01** 0.26+0.04” 0.19+0.02% 0.140.04%
A 2 9.56+25x107 0.02+0.00*% 0.34+0.14% 0.44+0.01 0.26+0.22%

TE 528 AL 8 D P<0.05; S 4 A 2 P<0.05 5 5 758 T 4 He ¥ P<0.05.

x5 ANETAXMETRE/NRHEN STAT3 M UPS R 2 X BEBE R AR I (x+s,1=6)

Table 5 Effect of Liu Junzitang on expression of key genes of STAT3 and UPS pathway in gastrocnemius muscle of mice with lung cancer

cachexia (x+s5,n=6)

25 /g kg STAT3 MuRF1 MAFbx
iy 7.15+0.20" 1.80+0.26" 4.73+0.10"
NHETF 9.56 2.03+0.04% 1.76+0.30 2.79+0.43%
i 7 25%107 1.73+0.07% 1.68+0.28 1.59+0.49%
BAEHZ 9.56+25%107 1.58+0.07% 1.33+0.15 2.57+0.08%

1225 12 STAT3,MuRF1,MAFbx mRNA A X} ik 1.

SRR FE h Wow T B YT R, INAwR RSB T
WA TR 2 T Al AT A R R A A A S
K HE A A DUH 7 1 RE s g /s B R R T
| A A T R R B IR R AR A R AR
P BA 15 300 A R AR 9 2 B, 7S R T 1 e 4 4R BURS
98 (1 A T B i IR £ 45 9 EC9706 4N it £k
7 A TR R AT A B R T kAR T I BE 1T fE
B /N B AF T ORI RS LU 2 4 2R
PG PR ENMAT AR E,
AR ARG PR, 2 DU, AL ft iz m] e S AR, A<t £k
Az U 75 LAY, A g B SRR T B R LA R R
i 88 S 9 I JUL TR 25 46 1 AL BF 5 LA R RE 1 0 2
ZME
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