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malian target of rapamycin,mTOR) #) A KT , 5 BB 5 AL mg A aEai X 2, X 2R 2019457 A £
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B 4l Fedo bk B A 40,520 10 4], K P 32 IR A A 457 64 69 UL AR A 4] L ¥ & M A (reactive oxygen species,
ROS) % #2 &AL 4 % AL B (superoxide dismutase,SOD) 7K - ; R %5 5 Bl — J¢ A Bl 4% 4 KB (reverse transcription—polymerase
chain reaction, RT-PCR)# K4 | Beclin-1 .mTOR mRNA #j & i£ # 2, Western—blot % # | Beclin—1 ,p-mTOR/mTOR
Fawik, BR. FHESLHEBERGA . FHYE M EHFHMGA ROS.SOD v Z Beclin—1 .mTOR mRNA #) & &
B, EF G FEL(P>0.05); 5245 45 S B 45 22 ROS.SOD A & Beclin—1 AW f= & & 2k KT E E
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Pro-oxidation status of rotator cuff tissue and expression of Beclin—1 and mTOR in patients with rotator cuff injury

LIU Zhi-jun ,WEI He -wei,ZHENG Wei-peng,WAN Lei,LIAO Zhi-hao,CHEN Sheng (The Third Affiliated Hospital of
Guangzhou University of Chinese Medicine , Guangzhou 510240, Guangdong,China)

ABSTRACT Objective To explore pro-oxidative state of rotator cuff tissue and expression levels of Beclin—1 and mam-
malian target of rapamycin (mTOR) in patients with acute and chronic rotator cuff injury,and then analyzed relationship be-

tween rotator cuff injury and oxidative stress and autophagy. Methods Forty patients with rotator cuff injury were seleceted from
July 2019 to December 2020,and divided into male chronic injury group,male acute injury group,female chronic injury
group,and female acute injury group,10 patients in each group. All patients were performed rotator cuff repair under
arthroscopy. The sample of tendon at the rotator cuff injury site of the patient was taken during operation,and total reactive
oxygen species  (ROS) and superoxide dismutase (SOD) were detected by detection kit;expression of Beclin—1 and mTOR
mRNA were detected by reverse transcription-polymerase chain reaction (RT-PCR),and Western-blot was applied to detect
protein expression of Beclin—1 and p-mTOR/mTOR. Results There were no significant difference in expression of ROS,SOD,

Beclin—-ImRNA and mTOR mRNA between male and female chronic injury groups,and between male and female acute injury
groups (P>0.05); ROS,SOD and Beclin—1mRNA in male chronic injury group were higher than those in male chronic injury
group ,while mMTOR mRNAand protein decreased (P<0.05);ROS,SOD and Beclin—1 mRNA in female chronic injury group
were up-regulated compared with female acute injury group,while mMTOR mRNA was down-regulated (P<0.05). Conclusion
Chronic rotator cuff injury is more likely to stimulate the pro-oxidation state of rotator cuff tissue than acute rotator cuff injury,

which could up-regulating expression of autophagy factor Beclin—1 and down-regulating expression of mTOR. Therefore , pa-

tients with chronic rotator cuff injury may have higher levels of oxidative stress and autophagy.
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2 S LLA T 55 3 I8 W o 57 i s 20
BARRZHUE LT FARIGYT AT LIRS 8 W 2 1 &L
S E AT A AL 0 AN B 1 I 2 AR
Fit (A X 2R 1 JO R 240 L R A T R A 0 L AR, RE S B4
JHLAEE I A% AN BRI, 70 2 A PN PR 5 A A N A
PHFE RO EEREZEAEMT, ENEE PR R
AT A 5 G 2 8] 0 B2 25 45 1 DA 17 3 8 1) o7 50k
Ao KEBFFE I, A AN B 7= A 106 M A RE 5
T B WA T W RE 28 A SR A0 N 0 B R, A
PR AP A0 A7 35 o Beclin—1 J2& 20 il B 15 G 58 1) 1E
R BB A Y B RSO T, 7E BB Sl
B R A AR T R A LS
e % 2= #° 2 [ (mam —malian target of rapamycin,
mTOR) t 2 20 ifg 3 Wit i A2 rp 81 22 R 4 I+, 3
H5ZmEOS G EEAMYG, HEEZ2 MY
SRS R R N T SSS ER CV SR Eink il e 2 u i
T2 2, A I AR A N EOIRZS 5 A WE R Beclin-1,
mTOR Y FRIRNG G0, FEM 40 A AN S B X H
A543 1) S A= HILAH
1 #MEFE
1.1 kst

PAFRUE : (DFFG R M iz Wbrde™ . (2) &
PEJE w00 B AR 3 B E A R A R 18
PEJE Ml 07 8 R 1A DL A 18 P S5 0 s
(3) 41 30~65 % . (4) BRI A KT BEIRYT - HEER bR
e (D AFAE™ BB A, A0 R B PR s s 5
I KR A o (2) HA SR A B S B , AR &S
o G)RGEMRATR, ML KR, (4)BEIML L) RE
SR o (5K P - E BRI R T B A5 D 1R TG v T
HHEE . (6)IEIRTEA 23 . AP R A XA
WA W RIS E MRS, BEA R & E
B P2 2 40 B2 D s fie vfE [t : K'Y (2019)002 ],

L2 IR 5Ok

P H 2019 42 7 H 3 2020 4F 12 HA7)E =
BN A #E S ARG IT 1Rl 5 40 B 85, 3 o 5
PEMBPESI AL T v 2 A A Mg P A A N
SRR A, TR 10 B, A R E ERIZ e FF
Sk B A 1) DG IR AN IS S B D RERR A, 42 MRI
A2, SAFRILK, ZRIGEIITFEL (P>

0.05) , HA7 m] o 5 ot 40 0 20 55 18 1 450 13 2 s
HE, Z A ST A L (P0.05) . I 1.

®1 HABHMBRGEERKRERILE (v+)
Tab.1 Comparison of clinical data of patients with rotator

cuff injury among each group (x+s)

4151 % AR/ % R/ JH
B R 10 44.57+6.49 2.12+0.45
T3PS M 1 10 46.34+7.21* 8.12+2.79**
LoV A bR A5 AL 10 42.568.51 2.32+0.66
L MRS PR A5 41 10 45.41+7.024 8.88+3.1044

W5 M2 PR A A, F1=0.623,P=0.541, * *1=6.718 ,P=0.001;
S vk AR 4 L, 40=0.817 , P=0.425 ,44=6.545 , P=0.000

1.3 gl 51

88 3 7] < Trizol 12458 (45 . DP424 , Jb 5t K AR
A Ak) ,eDNA G A & (165 KR118, 36 58 RAR A=
16, 9¢ 5t 2 ' B G BBk I (polymerase chain reac-
tion, PCR) i | & (41t 5 : QP002, )" M & g L ] ) , 21
Z1E P 4 (reactive oxygen species, ROS) £ il i 7] &
(fit5 :BB-470532, DU A=W ) , 8 A AL ) B AL i (su-
peroxide dismutase ,SOD) % i, 7 & (4L 5 . S0060,
¥ 7 K ),Beclin-1 (D40C5)Rabbit mAb (it 5 .
3495T,CST),mTOR (7C10)Rabbit mAb ( it % .
2983T,CST) , Phospho—-mTOR (Ser2448) (D9C2) Rab-
bit(fit %5 :5536T,CST) ,BCA & ¥k £ Ml 22 ik 77 &
(41t45 . P0012, 38 = K ), ECL %t i (4t - POO18S,
WMAKR), WL B.OHL (85 .ST16,Thermo
Fisher /A 7)), %¢ )6 %€ & PCR {X (%= .7500,ABI),
BRI S BT X, Z DI RERER X o
1.4 WEWH S5k
1.4.1 i ROS K414 SOD #  BUE X1 5T
ARIETT WA 0 JE Al 22 A TR R AR A PR
50 mg 4L, A 1 ml 57 vhil A, IR 5) K 2%
FEIrEI K o AE 1 000xg 4 CES.G 10 min, FEICHE, L
o (1) ROS KP4 . >R I ROS Al 751 &5 (0
4, BB-470532) kIl 41 21 ROS 7K -, 7E 37 “Ciltols
Wi E 15~30 min; B TR, 5 TFMAEEK N
488 nm . AP 526 nm il 5 R FE s ROS K-
T 2 AR 2 5 3 = (D G5 E e gy 1 — 2 TR
FE o eras )/ (CHECTR E g gy o= DGR FE o 120 ) X100%
(2)ZH2 SOD il o >R FH 41 2 4 B 5 A ) 3k 5]
4 (GENME,GMS10096.2 v.A ) ¥ 0 2H 21 w48 45 B &5
TIKF
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1.4.2 RT-PCR #: 1 Beclin—1 1 mTOR mRNA {1
Fik BURWARAE bR A B 2H R 10 ], fiff R
J5 FA 5 12 £ 2% PR (phosphate buffered solution, PBS)
YEd . FREL 50 mg 120, A 1 ml TRIzol, [T 3% 55 %)
KA K o WA B KA 1.5 ml 208
LA 250wl =50 b, B 5048 15 s, e iR
A7, 38 3 min, 4 °CF 13 000xg 2.0 8 min, 4 [
R B — BB LE S, A 0.8 IR =N
Fiet , BR) TR &) o —20 CAL & 15 min,4 CF 13 000xg &
L 10 min, B E A L ETTIE R RNA S BRI A4
A T5% T 1.5 ml PRk TTE. 4 CF 13 000xg &0
5min, KEBARMER T K B OB E T RS S B
3min, filA 20 pl JC RNA [ (1) K% % RNA, 55 L
PCR %, WA 2 pg RNA B9 . A 1wl oligo
(dT) 15, FTCHZ M A% R B Y 25 25 /K A R 28 12
F PCR X L 70 “CA43R 5 min, i 5d Bk EAH L K
WA 4 w 15xbuffer,2 wl 10 mM B8 4042005 1 15 =
5§ 2 (Deoxyribonucleoside =5’ —triphosphate ,dNTPs ) ,
1wl RNA S0 A 1l S S, RS WG il W R
) o F PCR X I 42 CAR1E 30 min, 25 5K J5 80 CL iR
5 min K [ Sk, 78 i PCR RN, I B 45 50 M
55 CT 3 95 CHRBUR Ml £, 45 73 #r 277 12
A=CT(H R HEH , FrAEA ) - CT(AREEA , 77 A
A)sB=CT(H i FE R, XF BAEA ) - CT (AR L, X
HEFEAS ) K=A-B; A5 8=2-K, W3k 2,

1. 4.3 Western-blot f; ] Beclin-1 #1 p-mTOR/
mTOR HH W AR IARAS B 4H 3 1 10 41
fift R 5 1Y PBS e, HERA BRI 100 mg ZHZL, A
0.1 ml ZHE BRI, FHIEIE S K e s r 219K . 4 CF
12 000xg 5.0 5 min, 5 F3E, BN B AR - AR
PAE AR, e 50:1 R 3 i BCA AR, 58
AT . I PBS S8 R MRbRE B 10l ik 2
100 pl, B AW 0.5 mg-ml™ o B i i 73 531l 0
1.2.4.8.12.16.20 wl Jin 2| 96 L AR i bk #E &b o o,
JH PBS b7 % 20 plo JIEE 4 AR i 2 96 fLAR I
Fesn LA, FH PBS b 78 % 20 pl, 25 SLH A 200 wl

i) BCA TAE¥k,37 Ciit & 30 min, & A562,540~
595 nm Z [ (i AL AT DA% AZ o AR 4 bn o i 21153
A E AW . B RFIAEA 0 5 5XSDS-PAGE
EEEFEZWW 41 WHE A, ¥ A S5xSDS-
PAGE & 1 b FF 2 Myl i A A 8 T ik 7K o i 34
5 min, 37 BVE T ok b 3 min, J 65 B H UK IR G T AE
LYKo WRARICHLE 75V, /0 B i 120V, Lk 2R
15 WA M R AT 28 gk UK, HEAT R IR . MERS 6 K
7 emx9 em [ UEACAT 1 5K K /NS A e 96 & M
(polyvinylidene—fluoride ,PVDF) f& ,PVDF ¥ ¥ & F
ZHTES W TS AL s R0 L RS 7 LA B
PR e 7, 2 Buifg g i, 1 S B, SR 4R £ 16 1k
() PVDF JE 5 4 e 14T -4 28 1 — T PR 57K P o FE 3R
T EEGEEA 3 EUEAC; NGO R B TR AR
b B TR b R BRI . FERE B 3 KU ARTT
BRESM . e b AN 5 41 .
200 mA , 1 ho B0 5% 47 i B8 T =5 0 F 6% R - H 5%
i 4= 45 10.5% TBST (TBS+Tween, 45 72 £h % W n
Tris—HCI 22 p{r i JHC, E 0 1 b 7 B — 5 (TBST % i
() 5% BN - 3% ) , B B2 Ak 25 (1 1 F TBST %5 g 11 5%
2 1M E 25 H (albumin from bovine serum,BSA) ,4 °C
3 %5 1 TBST 7E % 3 F 5 8% K 3k 3 I, Bk
5 min; 7 B Z 90 (TBST %5 fi# 19 5% i B 4= 4% ) , % It
T 30 min J5, ] TBST 78 % 5 F B35 K L vk
3K, BER Smin, K A FI B R AR 208 5
RBUR A WA a5 5 R A W e A e ik, 1~
2 min Ji5, KRFRW , G4, ARG G, fea
W5 SRR AT B 5 I 52 5 iR AR AN W] DG B2 R
BECAT
1.5 Siil2eaba

& H Graphpad Prism 6.0 2K fF #4758 1124 70 Hr o
B AR R S ROS KF- 8, SR A i 1 2
TR ¢ K0 ;4541 SOD & & LR A 1 4E R A
Kolmogorov—Smirnov #E 17 1E K56, P41 L 4k
MSEFEA ¢ K555, Z2 4] FACR FH 2x2 B 3 it
FR—IC) 220007, LA P<0.05 A SR L,

x2 51¥MF5

Tab.2 Primer sequences

4 Fr Gene ID A (5°-3") PG /bp

h-GAPDH NM_001289745.3 Forward ; CAAGAGCACAAGAGGAAGAGAG 102
Reverse CTACATGGCAACTGTGAGGAG

h-Beclin-1 NM_001313998.2 Forward ; TCCATGCTCTGGCCAATAAG 111
Reverse:: ACGGCAGCTCCTTAGATTTG

h-mTOR NM_001386500.1 Forward ; GGTCGTGGAGAACATGGATTAG 91
Reverse:; ACCAGTGAGGTCTTGGGATA
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2 HBR

2.1 FAUR M JE 221 ROS JKF- H A
FVEAG PR A S Lkt v i gl . kS

P 5 Ltk A PE 41 ROS LU, 25 % LGt

H(P>0.05) s B AR PRS2 5 S 4 4k

TP O 5 2B Ui 2 ROS LA, 2 A Giit

BL(P<0.05). W& 3.

®3 BEABHBGEER £ ROS 7K Lb 8 (=)
Tab.3 Comparison of ROSlevels in rotator cuff tissue of

patients with rotator cuff injury (x+s)

Hf7 :nm
415 %% ROS
B2 R A 10 94.44+5.11
IR R AL 10 138.54+6.25"
Lotk BB A 10 100.39+4.90
g B T 10 144.59+10.53"
5 bkx Ltk F=3.821,P=0.067
AExiE v F=207.008 , P=0.000
PR E F=12.034,P=0.032

5 Pk ARG AL R, 1=17.274 , P<0.05 ; 5 4 PE AP 4 41
g "1=12.035,P<0.05

2.2 H AR BT RE JE 4121 SOD Kkt

BAES LR B . S Ltk S B
4 SOD L #4, 2 5 g it o4 8 L (P>0.05); 5 1E 18
PR 5 SR 2 . P PR O 21 S St
12 SOD Fik HoEL, 25 A et =2 R (P<0.05) . W
x4

x4 BEABHMBGEER 21 SOD Rk LB (v+s)
Tab.4 Comparison of SOD expression in rotator cuff tissue
of patients with rotator cuff injury (x+s)
A . U-mgprot™

4153 1511 % SOD

T e AR 4 10 0.78+0.16
TS TS A 10 1.22+0.142
kbR il 10 0.6920.07
VS P 10 1.34+0.11"
P F=8.512,P=0.106
AtEx1E F=951.582,P=0.000

T g F=66.080,P=0.001

T - 5 5 PR k5 10 2 LL
5, %=15.765,P<0.05

,%1=6.545 ,P<0.05 ; 15 % Pk 2 MU0 41 L

2.3 K ALJE #h P B E E #4121 b Beclin—1 %
mTOR mRNA 7K i

25 UUR A 5L05 283% J8 A 4121 Beclin-1 .mTOR

T 5 e AR 4 LA
AVEB A

mRNA JK- Fo B, 45 R R B v 5 o g PE A5 4
B ok Qe 40 Z 18] Beclin-1 . mTOR mRNA
TR, 22 G5 2 L (P>0.05) ; 5 £ 18 4 46
il 5 2 e . g e 4 S S
L%, Beclin—1 mRNA ik @ 2 I &, 1 mTOR mR-
NA 3k 8% FE(% (P<0.05) . WS,
x5 BHBWHRGEERBMALRS Beclin-1 5 mTOR
7K LB (s )
Tab.5 Comparison of Beclin—1 and mTOR levels in rotator

cuff tissue of patients with rotator cuff injury (x+s)

4150 % Beclin-1 mTOR
B2 B 10 1.304+0.158 1.054+0.164
B S 10 3.584+0.436" 0.356+0.044*
2R 10 1.096+0.152 1.101+0.152
LR 4 10 3.540+0.386" 0.336+0.036"

B Pexde vk
Ak ig
PR x 2 P

F=2.209,P=0.156 F=0.733,P=0.404
F=776.161,P=0.000 F=358.715,P=0.000

F=19291,P=0.002  F=134.35,P=0.000

e 5B A5 4 R, ©i=4.908 , P<0.05 ;*1=12.999,P<0.05 ; 5§
M MR G 40 L R, =4.908 , P<0.05 ;"1=15.487 , P<0.05

2.4 Bec]in—l/B—actin K p-mTOR/mTOR 7KL

BES LB ER A . BYES Lt a kR
2H Beclin—1/B-actin . p—mTOR/mTOR % ik [b %5 , 2
SIGEH I L (P>0.05); B VEE M 5 2k
P PRI PE A S S B 4 LA, Beclin—
1/B-actin ik . & J1 75 , 1 p-mTOR/mTOR ik .
FRRK(P<0.05), W3R 6,4 1,

xR 6 &HAF#HIRGEE Beclin-1/B-actin,p-mTOR/
mTOR F B Rk K F L& (v+s)
Tab.6 Comparison of Beclin—1/pB-actin and p-mTOR/
mTOR protein expression levels in patients with rotator cuff

injury (x+s)

21 5 %1% Beclin—1/B-actin p—-mTOR/mTOR

BrEAMRgE 10 0.32+0.09 0.80+0.25
Bt nial 10 0.76+0.28% 0.23+£0.09*
LA EBGH 10 0.40+0.12 0.89+0.25
LA 10 0.91+0.36" 0.36+0.14"

Tttt F=0.080,P=0.781 F=52.957,P=0.109
2tk F=1480.363,P=0.000 F=2948.442 ,P=0.000
PR 2 F=4.170,P=0.047 F=8.250,P=0.008

=4.73,P<0.05;1=6.79 ,P<0.05 ; 55 4 1%

1=4.25 ,P<0.05 ;"1=5.85,P<0.05
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Beclin-1

B-actin

mTOR

T L BRSSO 2. BRI ;3. Lk S B4 4. &
A A 20
1  Western-blot ¥l % 41 Beclin—1/B-actin } p-mTOR/mTOR #
T B L K
Fig.1 Western-blot detection of Beclin -1/ —actin,p -mTOR/mTOR

expression gel electrophoresis in each group

3 itig
3.1 SEARR S A AR 6 R

JA AR AR DL a2 sh R G, BEE A
KR FARABARN KR, FGEBORBREZBEEZT
JEMFARIAYT o R & BT 5 1 8 il R A T
AfTaG, L2l E S S MW 825
140 J il A 1 PR el 1k Ak B - A 22 AR
JE A I 2 2 25 25 K R A ) ) T RE T A 5 T R
L BRATT JE AR A5 ) 4 T A 0 2E ML AT E
B,

AR R IUAE B SHt R e ks, A A
It L, HAER THUARE S TR — R HR
A, B SRR E AR TEA™ RS
i e B S EE S, B R B TR
i S5 B () 6, 32 AP0 oy S A b . BRI, JE Rl AE
BE B K25 1k A5 1 em Ab Bk = 45 HERY , Hy S R
S Ty 1 R T AR N IR S, RE S s [ 5 45
FEA, JE Al B T — B 2R BR AE A N, ROS B
Srit 2 M A A M T K RS AT R A A Y
ROS AR & 9 i F IR SR, 98 i S B S T 4
AR 7= A R R SR A D i AR E T R AERREE
R A — ARG IR, 5 25000 e A 8 P 0
MR A 5 A A A RAR BT B, NI,
TRASR T A0 7 TR 28 TF A Al ) T 18 52 1 40 i o 1
BLHIAT 2 B 22 1 e 2Rl 2 [ 8, AW R B0, B P18
PG S v . Bt S &«
P2 EW 40 ROS.SOD H#s, 25 B4t Fim X
(P>0.05) ; 5 12 M i 4 5 55 1 S 345 41 ROS .
SOD ik K- FH i ; [ AR, 2o M8 0 45 2 45 SR L %
PEZPER 5 40 1 ROS .SOD ik KW m . 45 5%

22 W PR 00 B Ml 0, 5 BUR R A il 20 SR I B4
U R RAE RN, 006 T AR N3OSN 30 T A0
K LATE , 51455 09 8 il 4L 28 SR T 48046 10 3805
{2 fdt ROS.SOD 7KV Ft & , 5 B2 Pk 19 98 5 S g, it
4495 110 8 Al wfE DA G o DRI G, BT A E A 1 S el 45455
) AR L B I KT T R e, L A I B B
JE AT BE 2 I EJE Ml A% . 3X 5 YOSHIDA % "' 5%
KB SOD 7| i1 4 Ak 7 1 AL AT g 2 5 BB X
IRAT VR A il 40 2R A 1) 2 23R 9T A — B
3.2 FWEXTE Rl AR A 1 R

B WA — B A T e .
{HJ, B W I AR # S R AR P T, 2 B B R 1Y
[ I # AT R 514 40 i, B B AT T . A X 4T
J A2 XL TG fR R T T A Rt X 4 XL )
S A AZ O TR) L 1 WS 3RS R A1) 22 ] ) S A o ke
FE RTINS T O BRI R AR Y R
V7 12 F2 o 33 8 XL I 8 7 A 1] 4 B R B 1 FH A G B
Beclin—1 JZ 4fl fifd [ W5 5 B () 1E I8 45 7, L FK Be-
clin—1 JEH, 2B ATGO BRI 2. PR EH
Beclin—-1 S AW/ AT HXBESBERES
A Wi FHE 12 22 (8] (9 °F- 17, Beclin—1 7] g & B 5 AE
FH B A0 5,117 2 A0 M 1 I O B ) £ R 4 TR
HHZRMEAYENE AP mTORT il mTOR2 %k
AR, HIEMEZ 25 5. B X
mTOR HA 7 A EH, Al BrEY
mTOR Z [A] 7 7 5 AH B R4 4E O™,y el
U, BUES mTOR (% 5 S5 I8 5 A F 2 02 28 20 A7
TG LN AT S 2 e M A L 12
147 4 fB & Beclin—1 mRNA F1 85 (1 & T &, M
mTOR mRNA 1 p-mTOR & [ 2635 N, k&0,
P P05 8 TR B AL 2 [ WK R, A — R
JE b HE 2 A B 0 T, 0 S5 5 e R 4 A 14 0
HEFEEPEM . {H Beclin-1 5 mTOR 2 i) {1 4 75 56
F LB A | wg e A s, & 75l i mTOR {55
I R ) R A Al i e, LN TEAE
BLIA T T — 280

ZE L RTIER, SMEAA 04 A wh AR A R CE S A1
t ROS . SOD 7K~V Fh &, W0iE 1 4040 I 8 s 5 [l Bt
H & K Beclin—1 357}, mTOR 35T F , & W
JA w5 A AE AR A A W, 5 B KIS N, A —
FE R BE OG5 A5 1wl R ARV A (E SRR R O
ST BN A, 5k 3 WAL E S Ak R 3OS N, 5%
WO () B A7 SR AL 75 25 e IR AT .

% 3k
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