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TRB3 Gene Knockout Alleviates Skeletal Muscle Atrophy and Fibrosis
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ABSTRACT Objective: To investigate the effect of TRB3 gene knockout on skeletal muscle atrophy and fibrosis in diabetic mice.
Methods: Thirty TRB3 knockout (TRB3-/-) mice and 30 C57/BL6J mice were randomly divided into 4 groups, including TRB3 knockout
diabetes model group (group A), normal TRB3 knockout control group (group B), normal control group (group C) and diabetes model
group (group D). Normal control group mice were fed standard rat feed, and diabetic mice were injected intraperitoneally with low dose
of streptozotocin to establish diabetic mice model. The forelimb grip strength test, suspension grid test and muscle function test were per-
formed. Meanwhile, the levels of bone microstructure, anti-type I collagen and anti-type III collagen, atrophy gene MuRF1 and atrophy
gene atrophy 1 were determined. Results: The hand grip strength of group A, B and D was significantly lower than that of group C, and
the hand grip strength of group D was the lowest (P<0.05). The inverted hanging time of mice in groups A, B and D was significantly lower
than that in group C, and the inverted hanging time of mice in group D was the shortest(P<0.05). CSA value of muscle function in groups
A, B and D was significantly lower than that in group C, and CSA value of muscle function in group D was the lowest(P<0.05). The bone
microstructure indexes BMD, BV/TV, Tb.N and Tb.Th in groups A, B and D were significantly lower than those in group C, and the
lowest values were in group D(P<0.05). The values of Tb.Sp and SMI in group C were significantly higher than those in group C, and the
values in group D were the highest (P<0.05). The levels of anti-type I collagen and anti-type III collagen in groups A, B and D were sig-
nificantly higher than those in group C, and the levels of anti-type I collagen and anti-type III collagen in group D were the highest (P<0.05).
The levels of atrophy gene MuRF1 and Atrogin-1 in groups A, B and D were significantly higher than those in group C, and the levels of
MuRF1 and Atrogin-1 in group D were the highest(<0.05). Conclusion: TRB3 gene knockout significantly reduced skeletal muscle atro-
phy and fibrosis and increased bone strength in diabetic mice.
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[F0) )~ e ) o 52 b TE LA 2 F S P ] An BB,
T FBOUABESE N AR, SR LPY 3R S (1 an
PN 2 SR BT AR 2 A0HE s (T2DM) & —Fifi 2
15 MR AR FRARP T AR A I P G R AL RV TR AL i
WA {H T2DM 2 SECEIILER AL E K. EARIC
PRIFTRES T2DM B ZESA G, S b Fiha R
24 1(mTORCH)JENLAE H -G8 (MPS ) (i 5 29 15 [ 1,
FEHUHIHE 578 T2DMORZS T X B A SR PEREAR . Behh, L
P 1 B AAR A 48 T Ak J2 T2DM S BUNLIA B R R 19 5
— RN, BRI BRI/ S LT HE A LT e LA
LB ZRE BRI T R B R X SRR 5N 2 —
ATREE UL TRB3 (475 25, 240 A WA i A 5 1 3 )
A TTRER TRB3 JE R RERE GRS b /1N SR A D RE
M fife B A LT A 22 40, D i R ULET A A, 38 i bl PR /)
Sz shie S . TRB3 KI5 B ML ML 4RO
KA ARG 53 P FNET 2 A 5 5 A P A 5T
FW] 107, TRB3 7 EYIHFAF Tl 0 i 9835 8 A s 545 1
B WLEFHEZE S DI REREIR , I AT 20 A RO LR P23 1E , TRB3
B BT 5 A R I R BT AL, AR GEMEREALAE
PRI o R R LU SR 11T, TRB3 FEME PR 8L
PEIVEFI AN AE . TEARDRST , AT T TRB3 SRR
XPHIE PR /N B P L2 4 T ELL R R
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1.1 X8 zh#

30 H TRB3 &l ( TRB3-/- )/ ;4 J&i#S C57/BL6J /KR, 30
WP RE N (23.89% 2.45)g, FFA/NRERBL LB 22 CF,
16 12/12 /NSO - BEDEER T, R AL 5 2 A B K o /N BRI
N P — A S IR o BT K B R DA B AR =2 (R %] LA
ARG SL(P>0.05) . JiTf SRR 2 R BE e Ze A At
1.2 RBiRF A5 EE

FRAEERN A DGR A YRR RAR (g1 g
M), B EL H Z2 80 (A -5 o/ DWW H LR 2 R 5 A BRA A,
Z IR BN A AL T AR TR B A FR A B A% : 500 mL)
S PRI & A Sigma 24w TR LTI AU
FEAMYPSHENERR A TSI H Abcam 24w B G4 71
P A % EC2 W A B (FEE) , L F DI B R e R R
IEBHA BRAF], Bk f il s [ o5 N As B DR AE R A R
23], micro-CT U 7 ) IR FRA BRAF],  FL kAL
H Bio-Rad A7l .
1.3 RIG s A RARE I

30 H TRB3 @k (TRB3-/-) /NRBENL N 2 4, ELIE
TRB3 3 [H m A PRI ZE (A 41 )R TRB3 35 R R 55 1F &
M2 (B 41);30 2 C57/BL6T /NERBEAL /A 2 A1, 40 435 3 38 X
TR (C )Tl op R TIZH (D 4H)

W PRI/ FRMR T S A = IR T e o 7EPRTR 4 J8 5T /N
BRI IR K- , SR AR AT T i/ AR S T — 2P Si . 78
AR/ N RESE 12 h 5, SN E SR A R . S5
%56 R, /NEMFIR 8:00 FFEAZEE, 4 h J5 TREIRBUM , il it
T IR A 3 ARSI 5 2 £ iU 8, e iU (. >10 mmol - L
PR AR S AR P /N BRUASEAR  53 b, TE %o BRZH /N BRUMR 7R
FRfER B,

1.4 MBRIFHR

1.4.1 BIRLHE AR A s 700 D) P (Handpi HP-5N, rf1
) I AR ), A 2 BRAE BV RS T I BRI (9 AR Ve
HIABE, Y25 BT E B e DL BT . SITh AL P47
57 N ey A e 22 () S A A3 RS L 0 A E AL (B
Ji A RS b 0 7B i, B TC I HHT 7, i b fn
TERAR B0 J75 T BARIE AR 1 7 o X /N BT
P& I T =i, e S =i E IO B

142 B#HkEE 7 —A> 45% 45 cm BIMHE CETE 55 cm 5
AIHRESR -, IAK T e 5 om SRR, AE S+ Z (A0 5 2
K50 emy, KA H 2 BRUBCEE AR 9 oG, SR HE A 5, % B
KA T, il AR ) S/ BREA VR IR, B /N R =
W, IR (8] [B] B >30 min, 3255 B FER ] R BCEI{E
1.4.3 BLAIThEEIRIR™ /)N BUK I 5 e 0 L 24 (80 me/kg)
JPRER S 178 AE AR iR . TR R AL, PR 4L
LA v UUREE , £ 45 325 o ik U LR , 5 DL IR 43 85 2 3 v UL A
B, ALY J) — Im PR AE 7 s b AR AR IREERL TR T
JUUPRI 38 S 1 1242 30 R 3 IOk o RS L 91 20 Viem (1 F R ik
AR, UGS S (T A/D B4 s k474645 , I f] LabChart
5.0 FHATICRK . ] 5 ms 1975 P TR IR 22 T Jn i
kT, BRI ARG TR T, A AR R S AL T
L 0.2 Hz Mt 5 ms ki =, DL & S RS REIE ) o
e REFMERE A KRR =¥k, A 100 Hz /9 5 ms [k bl #4001
A, #5742 300 ms, JIFLIEIRG 60 s, B 5 , XFWLPI #EA 543 BERER 1)
{7 FH 37 44 4% A1 Image-Pro Plus M & % < ## 2% 1 X ( Cross-sec-
tional area, CSA ),

144 SRERIBRNE ™ BT IRE SRR
FRURRER:, [ %€ F micro-CT XK & I, B I Scane 4% /N i
FEMIREE VEA TR, I %2 1 % B ( Bone mineral density, BMD)
HAFL 43 % (Bone volume fraction,bone volume/total volume,
BV/TV) . & /N3 & ( Trabecular numher, Tb.N) ‘& /N & &
(Trabecular thickness, Tb.Th) ‘& /]Ng243 B & ( Trabecular separa-
tion, Tb.Sp ) M ZE F R FIFE%% ( Structure model index , SMI) ,
S8 B S0kV, H 800 pA, HIHHERE 12 um, HEF
1304x 1024, LR E BT MA KT | mm JHSHL, 2%
LT 2 mm PRIk Sl = 4 RS IX 5, SR N-Re-
con BT =4 IS, CT-AN #4347 =48 5307 .

145 MIBKREEAFMA N EARKREREA®RN 9 NEERE
TR B L 2244 (80 mg/kg ) BRI , R A2 UM HE I LFR 2, FH 4%
Z R E B BRI PR, A aRE 2 5 pm Y] 7,
TENBE KA R 5, HFT R 28 vhiB E SR v [T et Jie
20 min(T B SR 1) T Y S A AP TSR A 1 B 475 ( Fast
myosin heavy chain, MyHC), i 3% b E A0 10 min, fif
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PR EALIBEICTS, IR S%E4E L3 48 1 LB KAk
FERME S, HHEWIR S —PidE 4 CTIRE SR P 1A
J 2K 11 (ab34710) 470 T 78 Jit Ji 2 1 (ab7778 ) Bt i L ek 2
i B4 (ab5 1263 ) FHT g LK B B 55 (ab11083) . B
J& VIR TES IR T FARRE R E 15 min, 8576 37 CTFHZ
PUFE 15 min, BERRELZE R /K vhisk 3 YK, DAB W4, W52 Y)
o KRR 3 min, {E7KYEY 30 s, 1%ERH8 2 B 401k 1s,
ZEEisK, fdiHH Image Pro Plus X KL HEAT 437 . ) 10 1T
M DA ZE AR B E RN, P B WA 4K/ NAH: CSA(H
P XA B AT R ) 22758, e 18 JULET 2 A A 0T 5 k48 3
MyHC FHPEZ AL LARSHE MyHC FHA: 4 EGR R
1.4.6 ZE45EE MuRF1 1 Atrogin-1 7K F4& 19 WAz UL
FPIRECRE AR, 7 10-12%09 T e SRR BN - TR I B
e 58 R 3 PVDF I L K HORAE & 5%2F s A 7R
FIY TBST S, Bl W s T —Pi: MuRF1 Fl Atrogin-1,
1 4 CYA IR, F TBST Yk =K, 3+ 5 3R i A L ) il
FRERIPT RPN P, A =R TIFE 90 min, H TBST
WA ARG SR Ab 24 & 6, 85 (] Imaged ZREREG
Fafb.
L5 Sit#EAE

SPSS23.0 #f, HHEWH vt s FR, KK . T 2ERIR
BT, P<0.05 Sh 25 58 Geit=43 3,

2 R

2.1 33tt 4 H/INRBIEIE A
A4l B4 DH/NRATBARE R EMRTCH, HpDAH
/INERAIT AR 1 IR (P<0.05) .

*® 1 4 HNRABEEA (22 5,N,n=15)
Table 1 4 Forelimb grip strength of group mice(x+ s, N, n=15)

2.2 ftk 4 4B/ R E MR I8 B 3 B 18]
A2 B 4 D H/NREMHAIEIEERT BB EMTF C 4, &
b D 2l /N ER A0 {3 4 ] i 8 (P<0.05) .

R 2 4 H/NREERE (2t s, min,n=15)

Table 2 Hang Down times of mice in the 4 group(x+ s, min, n=15)

Groups Inverted hanging time
Group A 4.09+ 0.99
Group B 3.78+ 0.88
Group C 6.99+ 0.39
Group D 1.80+ 0.24

F 19.925

P 0.001

2.3 Xttt 4 HEIBL A ThAE
A4l B4 .D 4U/NRILAZIRE CSA HRZFK T C 41, 1
D 2/ LA IRE CSA AR (P<0.05).,

% 3 Xtttk 4 AR ATHEE(xt 5, um?,n=15)

Table 3 Musmuscle function in 4 groups(xt s, um?, n=15)

Groups CSA (pm?)
Group A 593.67+ 40.78
Group B 411.40% 22.56
Group C 875.89+ 51.45
Group D 315.94% 42.54

F 23.675
P 0.001

Groups Forelimb grp strength 2.4 XA 4 ANRKBIREHIEIRAT
Group A 1.89+ 0.43 A Zi B4 D H/NR B ML TR BMD BV/TV . Tb.N,
Group B 1.45% 0.19 Tb.Th {2 &/NT C 4, Hrp D ZHEUE A (P<0.05) ;71 Tb.Sp
Group C 2.40% 0.23 I SMIE R ZE KT C 41, Hirh D 41U AR i (P<0.05)
Group D |04t 0.18 2.5 wttk 4 HNREGL T BIRRREZE QM 1 BEFEERKE
AZH B4 D /AT TRV AT T AR A
’ 2 KPR C AL, Forl D AL LRI AL IR
P 0001 BRI (P<0.05).
%4 Hik 4 ANROBRAIAAT (2 5,0-15)
Table 4 Compares the levels of bone microstructure indicators of mice in 4 groups(xt s, n=15)
Groups BMD(mg/cm?) BV/TV(%) Tb.N(mm™) Tb.Th(mm) Tb.Sp(mm ) SMI
Group A 0.143+ 0.019 6.804+ 0.554 1.056+ 0.218 0.067+ 0.021 0.487+ 0.119 2.613+ 0.014
Group B 0.114% 0.078 4.523% 0.623 0.836x 0.109 0.047+ 0.010 0.538+ 0.107 2.528+ 0.161
Group C 0.169+ 0.014 8.940+ 0.389 1.470% 0.112 0.082+ 0.014 0.364+ 0.013 2.394+% 0.109
Group D 0.073+ 0.012 3.134+ 0.423 0.671% 0.114 0.034+ 0.011 0.662+ 0.115 2,905+ 0.114
F 21.109 23.543 16.094 14.932 12.390 16.976
P 0.001 0.001 0.001 0.001 0.001 0.001
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&5 3ttt 4 ENRB 1 RRREEAMR I EKREESKTF (2t 5,0=15)
Table 5 Compares the anti-type I collagen and anti-type I1I collagen levels of group 4 mice(x* s, n=15)

Groups Collagen I Collagen III
Group A 0.943+ 0.108 1.143£ 0.306
Group B 1.054+ 0.302 1.256+ 0.324
Group C 0.702+ 0.018 1.103+ 0.257
Group D 1.543+ 0.244 2.369+ 0.293
F 19.021 17.734
P 0.001 0.001

2.6 3Ftk 4 A/IMNRBIZEFEERE MuRF1 #0 Atrogin-1 7K
A4 B 41 .D 41/NR#ZESEF [ MuRF1 fl Atrogin-1 7K

WEST CH, Hr D 413455 K MuRF1 Fl Atrogin-1 7K
e (P<0.05),

%R 6 XTEE 4 A/INRBIZESEE E MuRF1 #1 Atrogin-1 7K (xt 5,n=15)
Table 6 Compares the levels of atrophy genes MuRF 1 and Atrogin-1 in group 4 mice (vt s, n=15)

Groups MuRF1 Atrogin-1
Group A 0.785% 0.024 0.668+ 0.039
Group B 0.609+ 0.031 0.567+ 0.014
Group C 0.325+ 0.019 0.302+ 0.008
Group D 0.947% 0.023 0.874% 0.023
F 12.332 14.542
P 0.001 0.001

3 Pt

WSS, B &I RER T2DM K BT I e 3517 S
i) T2DM /N ER S tH LA R/ 2 o ZE IR, R4S
T2DM KRB B NNRE G (05 @ HE K RAE L, il e
4 CSA WA, HSZRMMEZl. RS NUR R E L4
CSA 45 R 2= ST bI R K i ARG 28, T2DM R4 7B AL 4n
JLEE & B AR 2R A LA RS MIR AT / SR R R
I, T2DM K BRIV PR 2 2 9 D PR AT i LT R/ N A A i A
AR MAE . T2DM B M U SS HI I MR T SR T
PR BNl . X —IG R, U0 E T RELL LA ZF
WFEM TR LA, —T RS, /N RE I R S
FRIETINZESR, KWk, 1R U E K TR ST LA 240
PR A G, ingEZ ok T2DM,

HRAE B B U S IS Wb U , LT 0855 B2 Wi s s 2
M FESR, EARTR T, FATE T T MR/ R . TRB3
FE PR A /N B,  TRB3 35 PR i 53 M P s /N BRUAT X R /N BB i
Jise A8 3 R B MR g S i ], DL K/ NFRILIA B BE CSA E, 45
KL, A 4 B4 .D 4/NRRTEAR S BtHa e s H: i (el AL
M IEE CSA [H i ELF C A, Hrp D /NI EHR 71 Bt
T2 56 34 1 1) FUL P T BB CSA (B A (P<0.05) , X #e 4t B 3
BB PR /N BRI LR ) & F . (AR MR, MR EoR
TRB3 7E85 PR/ N BBHER L B, XM TRB3 Wi figz 5T
LIRS/ i 9 2 A 0 R, RS TRB3 B 38 im0 1 FRo /1N
32 SlRE S, 1 2 & B F B, TRB3 Gz T AR A IR /N B

AL E , A HIBAE R i A TEAE

BB LT 2 25 40 RN 21 4 Ak 2B WLDs /0 i 0 o 1) 32 2
FRRFAEIS, ZEAWE ST, FRATT & B R /I BB ULET 2k 1Y)
CSA Tl HHBRAYIE , AR E5 A, A 41 B 41 .D /R ZE
HEFER MuRF1 Al Atrogin-1 /K- #E & T C 41, Hrh D 413
453 MuRF1 il Atrogin-1 7K F-f5 55 (P<0.05 ), 3% R BH 8 1 it
R AL ZE 4R R, 5 Yang FRIFFEZSRIRY, 5 3R BR MR R o5/ 1N
A E BN AERAL, H BRI R BT R RAOTHRE
#E—25 3R], TRB3 G AT IR Bk LA 42540 , 35X 5 2 ji i)
WF5E 45 8 — B0, TRB3 i B 7T B AW R 9% /s B Atrogin-1 F01
MuRF1 f365k , W iFS2 il TRB3 Al LA ZE %8, ah, T
TIRBESE LSRR, TRB3 @bk 8 e T I WLET 4 2545 , 3
TNT 18 WA G AR 5o SR1AT, ARAIFSE 5 Ono [F5T AR [E]RY,
Ono [BIFFE & IR , 18 ILEF 4 244y B E L AR ILAF 4R 415, P LA
B PSERECRIT R T, Y18 LA AR Y T R RN R R
A, PRIILET 4 TT 40 D4 A IR, DOULET 4 o8 LT 4 5 A B
LT 28 AL A, PR 4 32 2 5m ad PR SR A P2 A ATP,
FEFFLEB B2 S 57 , T2 LAF e AR R 2, eAh , AEXT TR
WLET 4t 12 JILET 2 3 B0 H B 5 P8 KT AR 52 S P 7 355 55 R 9 1
BE ST, PRIH P LET 2 K 300 0038 S S 3Rt S 4523, TRB3 HE (K
I T A A YA DI LT 24 2 0 AR K i 0 LT A A % 55 ok
SR AR /NR BV IZ BRE S,

ABFFEL R, A 41 B 41 D /NPT TR AR A
P I AR E K B =T C 4, Horb D Aht [ AR R R
EIAC T B S AR K P fierm (P<0.05), T AU AR AN T
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RREER, AR T AR, 45U SMIIGE, &

I, SR ARIE , TERF PR AR T, TR e 2 1 A TOT 2R 8 S 2 1 1Y)

iR TR R BRI N, X S B S R A

JE B R, B LA R RS A2 BR , 33 W DR /N B L

IRE T B OGS TE IR ™, ZEFRATRIDFTE h 132 T2 Rl 4s

A, Tl — 22 A B TRB3 AT LLjsk/b TRYKE J5OR 10T R i

JEERR R, v T AU i 5k PO AR AR B B K ik BB A5 SRR T

TRB3 5 N il vl BEXT B NLRA PO 2, X5 Gu iIwF

FEAE R — BRI,

AWFFEH A 4B 4D A/ BE RS 6 AR BMD,
BV/TV.Tb.N.Tb.Th i 2. % /N T C 41, H+h D AR e fik
(P<0.05); 1} Tb.Sp F1 SMI B {8 K T C £, Hrh D LA {H i
5 (P<0.05) . B & HTa bR T 5 S W R B B WUILET 2 22
A 9 EE DA T A AR AR B O HE ML IR 2 A W IR ATT
ARBIF S e B B 1 A UL 1 e s2 PR D ) W (AR T 7 F S
FOh PR VRSN REN] R R R, HRdaE , ] e el A
I WL 4245, X SRATH R —2 . TRB3 1l 5 [ 12 1K
AHELAE D, A0 A / AR AR DR, TRB3 JEPA R R 2
FHREIR T FMESZ HOKOF B8 T AW IRE , 3X T R B R R
ANEUE R ILET e 4 i A i JEL PR 0, PRt # bR TRB3 AT figid
TEHER F R IR B LT 42246

25 b WFFEERW] TRB3 JE LA SR T i 2 ol il P /s B
B AL R LT AL, i B2, DTN 32 o R /DN B i
ZHREST, WS LIS AE A BN PR AP o DAL, FRATHIDFTE 45 R 0
SE T BT AES T HE PRI AR LA Il D A7 T T A
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