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F it Nrf2 EE G B ¥ E 7R TFARBEIT KR ONERGOIETHRIE
R ARSI, R, EAM, FONF B (563003 S R, LI BRI R EE B0 R

(HZE] HBy BT A OG- 2 (Nef2 ) (1)  #8 [6] 78 51T 40 i ( mesenchymal stem cells,
MSCs ) VES K RO WU IE S5 350 5 A0 B 0 T4 D0 S DD RE IS . 53 EEr O WU AE K BRABE A, i
Bk - OF 4 Nef2 SLEH 1) MSCs B0 (Nef2 T304 41 ; @25 2018 05 75 181 1) MSCs B4 ( Nrf2 1E 3
4 s HEFER A X AL (R REA 0 = 12) o O WUEEZEAR MRS AR S 7 d, 20 G e 5 S A L0 LR
B caspase3 # [ FRik ; BoAH )5 28 dHE JL (1PN AIAE 5 O LA SV EEAE L, TTC L PP FEE R 5 R
FHER F BNk (Western blot) .0 UEEFE X Nef2 FIJE T-2E 1 Bel2 \Bax R HRIEKF-. &8 O
MRS S 7d, D IUIAEIX A EGFP FRiC ) MSCs, #73 EGFP 357 B A6 1 3] Caspase3 ik FHME,
Nef2 THHPA T8 [ Caspase3 (2GR B3R, Nef2 1E 5 21 Caspase3 [958 B 55 , X B 41 JC EGFP %
KSR S 28 d HE Qe @25 R 5 Nef2 1E 5 41 LU, Nef2 TR 4.0 WL SUILEF 4 HES 25 L, R
P20 e 32 i B S, T Nef2 E R 2 A M HE SR 55, 58 1 A L= T sk 20 5 0 UL TTC G 2 45 5 /R, Nef2 48
RO FE IR A (35.30 £0.41) % 458 Nef2 IEF4H[ (25.07 £0.15) % ] B 38 (P <0.05) , 5%t
A1 (35.40 £0.70) % | T2 F (P >0.05) ; Western blot 55 875, 5 Nif2 1E 8 41 e, Nef2 T8
ZHC L Nef2 25 BT T8 1 Bel-2 KAk N, AL T8 1 Bax RIXIG N, ZRAZRIT¥E XL
(P<0.05) ,Nrf2 T42H 5% BRZH oA, S A RBTZ (P >0.05) 5 0B REE Jr T, Nef2 T4 20
EF[ (40.83 £2.67)% 1% Nef2 [E4 41 (52.35 1.58)% | AKX (P <0. 050 TijLr =484 [ (LVDd,
(1.090 £0.061) ,LVDs(0.750 £0.062) 1% Nrf2 [E#2H[ (LVDd, (0.790 0 +0.024 5) ,LVDs(0.610 =
0.026) [, &5 FEAETHC Nef2 (1) MSCs J&, 0o JUBEZE DX 8 T2 4F 56 25 (1 23888, BEAIK T Zh I
MSCs XAEAE.CE I R RETT o

[K$ER ] NF-E2 AHOCH F 25 siRNA ;O JILEESE ; B8 0] 70 50140 s T
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Effect of silencing Nrf2 gene on myocardial apoptosis after rat myocardial infarction

with bone marrow mesenchymal stem cell transplantation
Long Xianping, Deng Wenwen, Zhao Ranzun, Wang Dongmei, Zheng Xiaoyu, Shi Bei ( Department of Cardiology,
Affiliated Hospital of Zunyi Medical College, Zunyi, Guizhou Province, 563003, China)

[ Abstract | Objective  To determine the effect of transplantation of bone marrow mesenchymal stem
cells (MSCs) after RNA-interfered nuclear factor erythroid 2-related factor 2 ( Nrf2) on myocardial apoptosis
and cardiac function in rats after myocardial infarction (MI). Methods  The established MI rat models were
randomly divided into MSCs transplantation group with Nrf2 gene silence ( Nrf2 interference group, n =12),
MSCs transplantation group with no-load lentivirus modification ( Nrf2 normal group, n = 12), and normal
saline injection group ( control group, n =12). On the 7th day after cell transplantation, the expression of

caspase 3 in myocardial tissue was observed with cell immunofluorescence assay. On the 28th day after cell
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transplantation, pathological changes in myocardial tissues after infarction was evaluated after HE staining, the
infarct size was evaluated with TTC staining, the protein expression of Nrf2, Bcl2 and Bax in MI region was
detected by Western blotting. Results ~ On the 7th day after cell transplantation, the immunofluorescence

results showed that the fluorescence intensity of protein caspase 3 in myocardial tissue was significantly

Nif2 -/ - Nif2 +/ -

increased in MSCs group than MSCs group, and no fluorescence was observed in the control group.
On the 28th day after cells transplantation, HE staining results showed that there were obvious myocardial tissue
muscle fibers in disorganized arrangement and filaments breakage and infiltration of inflammatory cells in the
Nrf2 interference group but the myocardial tissue muscle fibers were well-arranged and less infiltration of
inflammatory cells were seen in the Nrf2 normal group. Myocardial TTC staining showed that the myocardial
infarct size was (35.30 £0.41)% in the Nrf2 interference group, which was significantly higher than that in
the Nrf2 normal group [ (25.07 £0.15)% , P <0.05], but had no significant difference with the control group
[(35.40£0.70)% , P >0.05]. Western blot results showed that the expression levels of Nif2 and anti-
apoptotic protein Bel-2 were decreased, while that of pro-apoptotic protein Bax was increased in the Nrf2
interference group than the Nrf2 normal group (P <0.05), but no difference was found in the expression of
above molecules between the former group and control (P >0.05). The Nrf2 interference group had obviously
lower ejection fraction (EF) and larger ventricular volumethan the Nrf2 normal group [ EF: (40.83 £2.67)%
vs (52.35£1.58)% , P <0.05; left ventricular end diastolic diameter: 1.090 £0. 061 »s 0.790 0 £0.024 5,
left ventricular end systolic diameter; 0. 750 0. 062 vs 0. 610 £ 0. 026 ]. Conclusion

Nrf2-interfered MSCs suppresses the expression of anti-apoptotic protein while promotes that of pro-apoptotic

Transplantation of

protein in myocardial infarction zone, and reduces the repair ability of exogenous MSCs for infarcted heart.
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nuclear factor erythroid 2-related factor 2; siRNA; myocardial infarction; bone

mesenchymal stem cells; cell apoptosis
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AR K, A G B b 7] 58 5T T 40 MY ( mesenchymal
stem cells, MSCs ) #% ## 7F /0> JL## %€ ( myocardial Infarc-
tion, M) J5 2045 52 4607 T O BIF 98 4 o T BB . 3%
TBFTE B, O WURE L 5 7 A8 5 JR) 8 132 5 MSCs AT 78
REZEAE A DCIAE I IF A O L I 387 PN B I A8, T3
DEEW AR E LS 220 EhAE” T . B E X
AR AE AR SR AT TS R o % R P ARG TR 1~ 2
(Nef2) S A I B 0 B R o 2k AR %Ak
SN, Nief2 5 Keapl 73 8§ I F e (i 2N S 4R
| Y AR M = BRI E T 2 Al Y e s R U T =W 3
1 R LR T A PR 2 SR 2 3K, R #E B A8 R
P e ™ . (H A AR — B SCRR AR IE , Ichihara
SETRIEGT s, Nef2 56 DR B 2 A 5o 42 m LA 41 21k
i S AR a2 SR I ZH 2R IS T i X 37 8T Nirf2
XPPURZAFIR . B2 Nef2 ZEALA P VR 2 A
WREAFIWE? T Nef2 £ MSCs HAE JHAn ], Nrf2 S22 A
e A 25 SRR T A I OGS I 1?7 A PR
AT S T MSCs v Nef2 (4 T, LA 30 T 4040
Jarh Nef2 J5, 200 39 58 2 AL AT RS RE 0 14T K, 4l i

PTG T HE— T Nif2 (9 MSCs 7E{A
WIAVE T, ASBEFE N T4 Nef2 1) MSCs #4720 L
REBE AR BB, W56 HLAE O LR S 5 Gl PR 5 o 0 12
(TR 0 e X REAE S O BB AR

1 #MR57F=%

1.1 &R A5ME

UUER Nrf2 JE K (siRNA-Nrf2-EGFP-LV ) Fl%s 3 /K
#5717 EGFP (18055 75 2K (siRNA-EGFP-LV) Il H i 5%
LAY . DMEM 155 56 92 1 1 RIS 24 1L T
¥ H HyClone 73 7], At KL Nif2 4714 \HO-1 47
1A caspase3 ik Bel-2 Hii4  Bax Hii{k . GAPDH $ip {4
1 HistoneH3 HT{A 40 H Abcam 7\ &) ; Masson Fil TTC
PR &30 A B st 248 R AR MR A IR A
UG AL B R Ge N8 E SRR A R Y Leica Qwin Plus,
1.2 sEBshihfesria

2 ~3 A ARG SD KR 60 2, MEMEAR, 74
Jiri 200 ~250 g, W 8 rh E N R I 5 = 4R R
REFEE B 52 56 3l b0 [ 5 48 IE 5 SCXK (i ) 2012-
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0005 |, FaJ o JILEE SEAS TR, 1) FH 6 WL 5K 7 2R 647 4%
ZH(DsiRNA-Nf2-EGFP-LV %4t MSCs F A8 41 ( Nrf2 T
) ; @siRNA-EGFP-LV 4t MSCs #& At 2H ( Nef2 1E
WYL s QUE S AF AT PBS VEXT B (X 4L n=12),
SRS AR AN S AL T, WA R RE 5 kb FE A R 1Y
.
1.3 MSCs #9357k K 2 R IR IR 4 3 A Nif2 K&
sl

SR R S0 O B IR A, R 4
B BENBEVE S AR5 R BB 8 MSCs, 26 3 fR(P3) 4
L 52 5

M e Ty v 2 2 IR A A A S T i, A M e
LI 72 b, 1o O A A SR I A G I A L 158, 9
e R e A R A L TEBRSER ST, 4
Ju%s 4 siRNA-Nrf2-EGFP-LV , % 4¢ PBS {E b X} &, i
JH Western blot #9575 5% Y4 f5 6 h ( #SE 51545 5 )
MSCs Ht Nef2 8 [ i 3R3K , feJe (8 FH S4B S8 4 140
el ARG EE(E (T0D) i HT H & 5 10D 5 14
ZHE H 10D [ WAl , #EAT et . B S gL 4
JL, 40 M 2 Y 5 72 h JR AR T b A, DA TG I T
DMEM il it MSCs 4 i 5% 1 T 40 M R 4 .
1.4 3 KRS WAR AR R 20 feu A5 44

Z: BRI I S 56 2 7 K B LB ZEASE A8, 3
SRS 3 O LRy 0 JULEE 2722 A S0 v (8] ST B
W R 75 S D o 10 min S, SR TR 20
EIERIPEAC A X 14T 2 x10°/0. 3 mL (9 40fE. %25
J 15 R B R I RS B BR AU N A0 W), 12 4k
AR EIRE IS . A7 IR RIE T, SRR R 45 A
1.5 wrhgkegm g

CNUBSE A B AS AR IS 28 d FRRBREF R B, BB )5
FHARAE N 10 MHz |88 75 48k, BT KRB A2 456
4.5 i), g e = 57 kORI N 42 (LVDd) A4 AN
WA (LVDs) , 35 58 1l 73 25 (EF) (B, 20 D REAS I
S8 AL AL ST A S B A A
1.6 ABREFhE

TEC JUVRESE 40 i F M I 28 d A B8 Kk B ST BVERCHY
OIE, WAL A B IX e TR Al i U 1 V) 25 SRR 4
5 mm .0 LA LU T 10% 2 58 H 5% vh i vp
R HRUBK, B, A, O HE Ju e IR
R N SO LS5
1.7 TTC Z & #m) s 348 58 & A2

O NESEA A fS 28 d 470 L TTC Je s, JiR
T 5 K BUS AT IR R BB I, 8 1 miL S 6 750 ) 7Y

0. 1% TTC W 1 mL V58 6% T B #f ks 47 2218
TEALRSROIEBES) 3 ~ 4 min 5, 5 5500 R IE I A= 22
FRK PR C I P 8 5% B LI, B BT - 80 °C uKAR R
12 10 min, Y] 3BT 4% £ R FEE E 20 ~30 min,
i P EEALENG 3 A GO VR S T AR o 25 BE
JRRE
1.8 ZH 23 & & LA M 5 IUAZ 58 K S LA — & &
caspase3 #) & AR

W =20 CHEFELADI F, 1 T U1 R URAFHT 2 40K
PERAL B, 6 T ARG BRI 1% BSA i &t
P2 b, etk B caspase3 4744 (1:200) ,4 “CiE &t
7, PBS e 5 I EHT A — 9t 37 CEiE R 1 h,PBS
VeSS A DAPL 3¥4% 10 min,  F Bl ¢ % Vi K57
H L IEPOG R TR I RSO EE
1.9 Western blot # | 4% 52 X X Nirf2  Bcl-2 .Bax #9

FaREENL

O WUEESEA RS Al e 28 d, BBOREAE A2 5 X0 LAH
2 I TE 2 1 25 i R0 PMSF (100 1) 5 7E VK EARHR
PRI 510 B0 S ETE . VT BCA B E B
BN S VR EE . BORE A B FEAT 10% + e Bk
TR H (SDS ) -5 PR T e 58 M L K , P-4 L DK 2 L e 7
BT YE R b, DL 5% NG YBT3 &
M2 h ImA—$H0T 4 CRIRBEFE L, =5 T= i
TEEEHEE 1 h BRI Y 2R Y AR OOk
WHEEE(IOD) AT H A 10D 5 ZHE 10D 1y
Fo Al #7522 00 M
1.10  %it oM

KM SPSS 17. 0 Geit B gt it It 73 i A< 52 3 4
W A EAELL & £ s FOR A B OB BRI R U5 2257
Bro

2 #HR
2.1 BME AT mIAR AR G R GE %
K& @ 0 AL

Bi T A L P3MSCs 40 g A KRB AR, 70 A 18
5o 18R YL MSCs J5 72 h A] WK & MSCs e #
IR G, ALY 5 R W B B o AR, T 2 KRB
AR
2.2 F# siRNA 2 MSCs P Nef2 & & #4691 UL

Y Bl %% ¢ siRNA-Nrf2-EGFP-LV 7S8R AT
AL PR 6h, Western blot £l 45 S & 7~ , Nef2 T4/ 41
Nrf2 #% %K 1 (0. 573 £ 0. 032) & %F BB 41 (0. 104 =+
0.051) F255 B Z A% (P <0.05) , 3] Nif2 siRNA 7]
BRI THE Nef2 9335,
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2.3 SR SE X AS AR da R R T L

OGS 7 d, BEFE.Co JUL DX SRS I 38 4 i
EGFP ) MSCs f74£, MSCs ik X 15 caspase3 Fik
FRPE , AT DL Nef2 4540 EGFP J% caspase3 ik
BT, N2 TEH 4 caspase3 FIRFEAR, X HEZH AA I 2]
EGFP ik (F 1), LR — X1 EGFP FlI caspase3
FIRAPE, R GGFP (1) MSCs FEAH Jo (LRI AL Jm)
FRAAEMT .
2.4 ABTWEFREFENA

IEH DAL HE Yo B R 4540 58 5%, 27 4 HE A
T A% 20 RS I AT L, 20 B TR A A 5 O L

EGFP caspase 3

Xif HE 2

Nrf2 TR 4

Nef2 T2

B1 KBROHAETEH T Nrf2 19 MSCs %18/ 7 d SRR QN CALESEFER EGFP 1 caspase3 Rik

FESLAN MRS A 5 28 d, Nef2 T 28wl BE ZH A 0 52 A
DX LT HEHES A5t 25 6L , WLET 4 W 284 | ) S5 7 1t 7K e
FEAT DL A A PR A0 IR 5 I Nef2 1F 5 4 b A5 B ek
Y RIREE . TTC Jeft @R, 15 O WL L 21,
BESE.C LR O WUEEZE 4 MRS 4 J 28 d, TTC
Yete i /R X B2 B B8 1T R (35.40 £0.70) % , Nif2
EH M (25.07 £0.15)% ,Nef2 T34 0 (35.3
0.41)% , Nrf2 T-Hi4l 5 Nef2 1F % 20 s O JUURE 38 If]
BN (P <0.05) , 15 X% FE 4L b5, A A8 AL TG 25 5+
PE(P>0.05,52),

20 m
—

( x200)

A EFSHLB 3T B4 ;CNef2 £ 48, D Nef2 F 3548
2 KEOAAEIEFH T Nrf2 f9 MSCs #48 /5 28 d TTC FEM B K EERA
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2.5 LB Nrf2 s &A% 585 L Nif2 & 48 % &
B 89 R AL

DA AE S 28 d, R ] Western blot 46111 45 2H
KA 2O WAL R B AEAE A XA ) Nef2 FTR T4
KEE IR, Bel-2 SRR 4 A7, Pran i i T 4,
Bax 2 {2 4 A 9 T 356 P, 38 Ao 000 2 7 A O R AR Ak R T
M Nef2 XA B 5200 . Western blot 25 R . 5
Nrf2 IEH 24 AL, Nef2 402 Nief2 Bel-2 [ FRIE T
K, Bax ik, ZRAGITHE X (P <0.05); I
R AR OUTE Nef2 T4 20 5 %) BRAT AL, P4
2R TG E L (P>0.05,[43),

1 2 3

Nrf2(68x10%)—

Histone H3(17x10° )| ———— - d
Bel-2(26x10°)— —
Bax(21x10°)— S ——————

GAPDH(36x10°)—»E— ——

1:Nrf2 32052 Nef2 F 404053 . 2F B 4a
B3 XFEONAESEHTH: Nrf2 i MSCs #5445 28 d Western
blot #&MAEFEO AL Nef2 BAT-HEXERRIE

2.6 S RLIRARAE M ZER

LU FE AN B R AL S 28 d, B 0 3l R RS I 0 1
RESS R R, 50 BT L8, siRNA-Nrf2 % 4% MSCs %
FE4HH LVDd #1 LVDs $({E K (P <0.05) , EF {5 [%
flR(P <0.05) , 22 5 ¥ G it 27 2 30 T shRNA-Nif2
ERye MSCs B2l 55 6 BR4H bhdse, L LVDd il LVDs i
H45/N(P <0.05) EF {E##m(P <0.05,3 1),

F1 WOAETRE 28 d F4H0IhEEHEHR EF \LVDd #0 LVDs (1)
LbB (v £s5,n=12)

213 LVEF(%) LVDd( mm) LVDs(mm)
Nrf2 [EH#4]  52.35 £11.580 0.79 +0.025 0.61 +0.026
Nif2 T441  40.83 £2.666° 1.09 £0.061*  0.75 +0.062*
papiizEi] 39.78 +1.370 1.07 0. 105 0.72 +0.040
a:P<0.05,5 N2 E% 413k
3 itig

UEAESR, A % MSCs B 7E O U BE J5 41418 5
)T TR DFSEARAE T4 AN 4ATRSE 5  o JRATTRTY
Sy BFE L R - PRB A 5 9 MSCs R T ke
S0 WUREBE J 0o JUE S B S0 A5 1 AR I A 1Y
KA L BRI, 2 IR AR R AR A7 AT 2 B o 40 7 2
T R T v 5 A AT A A R 1 1D L
FRISAS TS 28 . — 07 T80 AT AE 5 20 M0 DB B b 2 8
J5i 2 MO AS T 3 0 b % 7 S 0, AT O 3 e
AVEMRL . BT, TR AL AR A RS AT

PR RO A T2 A1 n o PR i MSCs 41578
W TR BRI AR L6 7 T SO RA LR . H
T AE R 5 — 0 S MR e A8 240 J 1) A= ) R ik ) RE AL
JOE A5, FEL 200 LA R A R 1 A ) SCBR B R A
TiAL SR, MU AN 5 A% 2 2 . R A DL BESE A
— SR R 2GR AE MSCs | 48 i 41 it A4 A= A7 e
Ho

Nrf2 J2& PR PEDT 48010 7 Y B 22 PR 7, 22 4 i 45
Py Nef2 S 45 5 2 R A0 M ORAP AV T, 2 ot o -FEF-98E 3 46
O3t g RO " [l i ek Nef2 AL L
it PO 45455 . Mohammad 251 £ MSCs Hif
eIk Nef2 J5 40 MIAE T AN A A T A B /b, H 7R Bk
SRR, MSCs Hr i 33K Nif2 35 /i1 SOD #
Ho-1 YT PE. 7EAZ A AE T, Nef2 5 i 52 4000 ¢ 54
Keapl 254 3 S ARK -3k 24 & A A AL I 0T,
Nrf2 5 Keapl 738 354 00 4% N 57 K s P i
FIL A AE HE R 3k o (HAR BT 00 22, 400 7 B 4L G
I35 R A AR BT B0 R 2 R AR AR H T AT
TR RS AT AU ARG R A7 R g A
Barajas %5 '"*) F1 Ichihara 257" B 5% 5% o8 B 3005 Nrf2
XFHURATIRVE T B2 Nef2 5% 55 X5 20 B Bt 446 i
VA gV F A ey g 2

TSR N2 X 4 PR3P 4 P, A3 DR A4 )
P Nef2 4912 955 8 5% J4 MSCs K T 040l p Nef2
IZRIE , LA 4N b Nef2 BI85 )5, A 34 5 L o1k
KAERERE ST 055 , [F]F 20 i e R AL R P HO-1 363k
B S 05353 , MSCis o 4801 1, I8 A 355 14 T 52 R 7 P Y. e
I, T Bel-2 63k 1 35 1 [, Bax Rk WE 8, k2P
MR FIESZ T Mohammad 2512 % MSCs i) %% 35 Nif2
XF AR B AL B ORAP T . O THEAR N E— 20
BAEARSNGS IR o A S0 F) F e e siRNA-Nif2 (1% T 4
JH 3 S 20 U BT K BRI R FE 28 L IX, WS4 Al 200 i
PTG DL OB IS DI RE B BAE . 4R B
DAV SEA MRS AL S 7 d, Nef2 TE %4 M Nef2 404
FEFEC WU SRR AT L Caspase3 #5111 4%35 , {H Nif2
TE R AT DR B 4 A, 50 ARIC B EGFP 33K, T Nrf2
THH SR OTRIE D W IRA R W TS 0K SEm il
U I AN TE ST A T O A ML A o O AR A R A A S
28 d,HE %efa g 7x Nef2 -0 2 48 58 A8 7 X0 JULET 4
HEFZEL , 8] 5 AT L 7 1 7K i B 3 AT L K 48 P 4 i
R 5 T Nef2 T4 2.0 WAL ZUHER A T 18] 5T 78 19
DRI B . TTC e $rR, Nef2 420 0
WIAEZLIE AR (35.3 +0.41) % 5 Nif2 1E 4 2H (25.07 +
0.15) % b s hn (P <0.05) , 5% AR 4H (35.40 +
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0.70) % L IcF= (P >0.05) o 40 il B 46 % 1 46
JE LIIRERIZ M, Nef2 TP 41 EF (40.83 +£2.67)% ,
LVDd, (1.09 +0.061) ,LVDs(0.75 +0.062) , 5 Nrf2
E# 41 EF(52.35 £1.58) % , LVDd, (0.79 0. 0245) ,
LVDs(0.61 £0.026) L4 (P <0.05), 5% B4 (EF,
39.78% ) (LVDd, 1. 07 mm) (LVDs,0. 72 mm) H. %,
Nef2 THLLH XA REMCE LG DIRE(P >0.05) , H
LR UL, T4 MSCs %) Nef2 FE[H 5 , MSCs B AH X8
e IETAE EAEH

Bel-2 GRHATE Jhy I T8 g v 1 H S PR 1, 7R 4
PR R TP TR T AL TS SR A R A
@, 7143 DL Bax ARG IE 4 M T K AL Bel -
2 ARFEN AR T F . Bel-2/Bax LB X 7 45
AP T AR E S o AL R B, O LR
SEAMMIASAE IS 28d, 55 Nef2 1E 5 20 A, Nef2 440
AL Bel-2 KIAREAR , Bax KA1 5 , Bel-2/Bax [
{HFFE. BT L, Nef2 {5 576 MSCs FAH iR YT H fig
PRAP 240 B G 32 400 43 5 (S A b X A B0 UL A # 1
BAEH

S A ST AT 5T sIRNA-Nif2 (11895 7 AR
Yt MSCs T-HL4uffr Nef2 19 3R3K 5, T4 Nef2 (1) 48
MRS AE AN REA A3 O LR ZE T AR, I B S AR )5 42 I
ToEE A Bax FRakHg N, M T8 3 Bel -2 Rk,
ANH T BB Al 20 B A 45 IR IE S AR T 3 NS T
FEREA Y MSCs Ja97.O WAL SR A 1 8 22 5Lk 48
S AR

SE -
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