Fp [E 4T A 2E 02 23] Chinese Journal of Cell Biology 2017, 39(5): 566-574 DOI: 10.11844/cjcb.2017.05.0357

A ERR AR &R 2 MBS M= F TR R TS

T F o = RXHET
(NWZEH AR X ANRER, IFRERE 010017)

HE ZIARAT TS5, 104 15, 21, 428 # K R 7 8 LI £ 48 fe(muscle-derived satellite
cells, MDSCs) A 4 F 45t F) B =K B K A% 3R IRMDSCs AR 4 fies. A IS ) 695 5 3% Fo ik 4k
MDSCsZ @) o A AY 2 safits. sCE dafeAelm e, 5B il 4F o 4 &40 % 95 2040 E 3T AT 5 7,
RETF, 5. 100 150 218 R R RFHIF 47T 5204 5 B RAMDSCs L4 e 7% /) i 2, 428
K AMDSCs BB B, A LR —TA2E E4& TMDSCs#9BAEE. %5, 10, 15, 21H
X AR BEMDSCsZ At Z itk SE 2 % AT, AU 2 Rt R &4 B A K Ah 245 7 M B2 0B
(neuron-specific enolase, NSE), iEBIMDSCs™ vA 5L 49 22 tm fies; 22 B 53 /& a Je % i B 269 7
T4, BE OB F45% 4 (osteocalcin) F €34 2 A 2 R ILIE T a0 E & BRAT R R I ILE 4l
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Study on the Biological Characteristics of Rat Skeletal
Muscle-Derived Satellite Cells from Rats in Different Age

Ren Yu, Yu Lan, Zhao Xingsheng*
(Inner Mongolia People's Hospital, Hohhot 010017, China)

Abstract This study was aimed to study on the biological characteristics of rat skeletal muscle-derived
satellite cells (MDSCs) in rats aged 5, 10, 15, 21, 42 days. MDSCs were separated and cultured by double enzyme

digestion and differential adherent culture. Neurogenic, osteogenic and myogenic induction media were used

to induce directed differentiation. Differentiated nerve cells, osteoblasts and myotubes cells were identified by

morphology and immunohistochemical staining, respectively. Primary MDSCs of the 5%, 10", 15" and 21* day were

highly efficiently separate from homologous skeletal muscles with a wide range of source. It was difficult to separate

the MDSCs from 42™ day rat. After neurogenesis, four groups MDSCs formed neuron-specific enolase positive

polygonal-shaped dendritic cells. It is the first time to identified that MDSCs can be differentiated into neural cells.

After osteogenesis, MDSCs in rats aged 5, 10, 15, 21, 42 days formed Alizarin red- and osteocalcin-positive bone

nodules. After myogenesis, myotubes were formed and expressed fast muscle myosin-positive. MDSCs of the 5",

10™, 15™ and 21% day are easy to isolate culture and amplify in vitro with pluripotency, which increases the range of

source material available for tissue engineering and are suitable as seed cells for regenerative medicine.

Keywords muscle-derived satellite cells; identification; neurogenesis induction; osteogenic induction;

myogenic induction
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W E RS R (Q014FFH RAFMHS KR
GIrAR) , FECEFEANZ RIS, b T 2R
BT I R B B, BE 2 T R ) 22 B2 58 A2 H
At A A 2 ST A . LRI B2 E (sarcopeni) Bl
S —, IR B R A w2 e
JULIE™, 8 2 B2 5]k 1) i B LS & 1 B AL
JIIHGR . 19894F, Trwin 5 — CH ML A gk ™Sk
b B NV INA N R S A=< s A N i INA s
FEARLER 53— T BIL A AH 5% 92 955 4% R 8096 5T (cachexia)™,
7 TR AR B AN BT ek A A JUL DAL T R A0 IR A B, O
REFERE. KWE.O. [ER. VR, AR
Sy R AR AR TR,/ B AN o 35 2 I S
UL PIARHS, 1 BB A IAE WL Z 40 72 A A AR
. REENIMEEIFRE T RERT LS
WL 4. 5L D RE B 58, SR T A L4 Jit JF:
ANBEMIRA R Z AL D Re ik & B el . B I
SRR A AR VR T BRI H a8 0, AR A
ZH g (muscle-derived satellite cells, MDSCs)F& A N /L
WZEAa G i koA . BT, SZfi R 2405
FEMEIR ST B B DL ), QuiFEHIHT I I, R
afiff FIMDSCsBE % 52 4> vo I 7% 18 5 R A8 T2 30
R, FERBLIX Lealifk FIMDSCs g% [F] I 30 H TSR
HAY = B AR E AR, 95 IRMDSCs % A8 HE
NV BLE | Rl

B8 & TS I EE 0, W FLBh A B B UL T A 4 R
Wk, AE AR T I A UL T A R A
ECA T B B 2, LA AR S 0 i, T A %
SR T IR D, B e RR R A B YRR,
KT FLIALCRAA TN A R A HAEF10H AR
SRR L R A AT 43 B e e B UL T A e ) AR, R
A JE42H N K RMDSCs 1 4 K 39 58 [ % ) 43
L RE /1, AIMDSCs /2 75 ] LA RSN 7542 = 2 3 AR 1
-4 A B2 I R I FH A A B 78 S R AR A o

1 MR5E%
1.1 AR5

Mo FEAK KA VR . DMSO. 76K 4L, W]
Jie s JR 5 25 F Sigma/A 7] . DMEM/F12. fifERH
M. PBS% W HInvitrogen’s 7). FBS. HSIH H Gibco
oy H]. Desmin®E fT 4K H Abcam /A 7] . 35 mmEs 77
M, 60 mm#FFEL, 100 mmIFFEIL, 6FLHR . 12FLHR
UR A7 2 H Corning A 7]

1.2 SKIEEh)

HAEJE S, 104 15, 21, 42 H SPF % Sprague-
Dawley(SD) K BRI H P 5 1 K50 AL sh ) B A1)
AR YHOR RS E

AR I T A [ PR 2R 5 R 2 2
LA V5 B B A W s 20k 5 1 B B g 3
My, LN AR XN RERICEEZ A2k,
1.3 MDSCsifshmrE. dib5iEs

Iy BB A JES5. 104 15, 21, 42H541SD
KRBEHVLNHL R4 o, FAHEDEFIR, Db
TRUGEDRIENT AR S MH . MRS,
e, BRI 28T 2 1~2 mmP /N5 N 50 mLES
OE T, NS UL H 2SR I PBS(40.1% 1
Ji2 SR ), 37 °CHE PR 2 3% B f#60 min, & [%20 min
WHERR G 1K SR )G, B0 a2 BB, TAN0.25%
[ g, 37 °CHiE 520 min, MLiE T WAL O JE
% FiEW. &)a, HA KB 9% F(DMEM/F12+20%
FBS+10% HS+1%75 /4% % 2<) 5 & 4 ff, 3813200 H
YR, 1200 r/min5 05 minFF_EIG, 2 mLAE K
Rrgp ik da . Mg, R HGharaibeh%5® 2% i#
T Bk 22l 40 K FRMDSCs .

1.4 HKphzk

¥ 55 5SARMDSCs il i 5 41 A B, 1 HE 40 i ik
FE N1x10%/mL, #RpT24500R, H M2 digfE R
E3ALHEAT 40 BT BT 248, DARE A] R AL AR, 4
OB AL R, 22 A0 A 2R
1.5 MDSCsitEEHLEE

MDSCs A 1> 10°/mL ¥ % & 2 Ff 2450 N, 5
A K 0% A/, &fllse. BiE. H G557
JIl A\Desmin. a-Sarcomeric Actinin. MyoD1(myogenic
differentiation 1). Myf5(myogenic factor 5) fll
PAX7(paired box 7)—P1 T4 CiFH. 12 W EH %L
RI—P, SR JE HFITCHRIC =\ E2 h, /5
DAPIE Y4t PBSACE — P/ NI IR, &
BT W EE 4 i e (155
1.6 MDSCsp{HEMMIFESS5EE

MDSCs’E K £70%3C & I, 256 4 & % H
10 ng/mL EGF+10 ng/mL bFGF+DMEM/F12 X%
7% 3 U 2, 24 h/g B # 45 mmol/L B-3ii 2 £ BE
+10% FBS+DMEM/F124% 7% 5 i 417 1E i 2, 6 h
J& § 4t 2% DMS0+200 ummol/L BHA+20 ng/mL
bFGF+DMEM/F 124 K755 72U, BERR 1 hsE 45 1 08T i
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YERE TR I MR A M T A A X HR A AR
KIG IR . Frdi Mo I SRR, IR B5 R T,
il E. BiE. HEAEE, IANSE—HUk I
YN R S R R RINSE R IE
1.7 MDSCsiBES5%XE

MDSCs4: K 22 80%71 7 B I B H 5 5 15 77
% DMEM/F12+10% FBS+10 mmol/L B-H i i i
B+20 nmol/L L ZE K FA+50 pg/mLAyT ¥E I B2 12 17 1%,
HET, W3 dFE e T RS R, A T M %%
AN, 5521 dJF, 2% 240 gL 0
F BB NS E LS T RS Ol 20 A G 4 Ak
95 BCE 40 R R e R DR B 4 2R (osteocalcin) )
Fik. XA IMAEKRTFRE.
1.8 MDSCsiAliFS5%E

MDSCs“E K Z280%1 A i 5 ok L% 5 85 5%
F£: 2% HS+DMED/F12, 553 d e 1 /G By R L0, 24
e 7 ML HH IR B PR R 41 B RS, 5 mg/L Hoechst
33342944, MRS IS . A i
JLAE 4 A S M S DR BRI ER B T Rk . e R
YNGR S =
1.9 Real-time PCR

#2 $ Genebank 7 AH B 7> 51 ¥ 11— X 4 57 14 5
Wy, LA 9 B BTMDSCs N %} B, Real-time PCR %) #i7
H 1 % [KlDesmin. a-Sarcomeric Actinin. MyoDI .
Myf5SFIPAX71E 53 & 264k JEMDSCsH FImRNA /K ~F
PLi% S HIMDSCs %t i, Real-time PCR 73 516l 1%
WA ET. REiEFABNESEHMER
NSE. &85 & H ARV E F mRNAF 7K o
1.10 FitZEHh

FEAH S0 A A D3R, it g R I E bR
T 22 (vks) 327 o« FIT A B35 FHISPSS 19.080 4354743 #1,
K56 45, 104 15 « 21 H # K B R JEMDSCs
F AR AR ZE AT Gt o AT He iR, LP<0.05 %
SHGI R L

2 H#R
2.1 ‘AR

K FH 22 S W BE VL B P A i B 2 hE, KR4
F A ) UG BE o O AR NG BE 1 45K 2 AMDSCsi
[ 5% % W R N BT 1 0 Jis Adk B8 S 114) 35 7 NI+ O e 2
Ko Kilo & R IMDSCs 2 BRI (K1), 7% M i,
o, 21 H 88K BB B LA 2R 28 90 1b Je 4 it 2

A /b B IR LE A0 fL(E1D), 1742 H i K LA
B LA 230 10 5 4 B 2l A R B R e A LA
4B 1E). 157710~14 h)5 40 B 746 0k B, 58541
Mg e 2B . RIEEZ MY, MR EE, B
Fr48~72 hJ5 5 A W RE, 4 HIZ 8 4E FE B T 5L 2 #)
TW(E2). Lh b4 REW], JEMDSCsTE2 hi 58 I
BE, MDSCslfi BE 7] 948~72 h. 42 H % K R IE
MDSCs 73 &5 BIAEA B, 1E 55 25 5 AR L 1 2 24
¥l
2.2 Kbk

5. 10, 15 . 21 H#HIMDSCs1£20% FBSH; 77
B2, 4. 6 dJE AR HY I () AR AR, ELAS 8 4 R AR
FEAH R (0 He P 85 FE AN RS 72 5640 R, 54 104 15 21
H # K BUMDSCsH5 952 4. 6 dif)~F- 25 £ 389 i 8] 43
W911.6.24.2.26.7 h(P<0.05)(E3). LL &5 B,
MDSCsFERSMEK IE R, BT H B R K21 H ke K
FMDSCsAlh R4 B 1 35 14 -
2.3 MDSCstrEZEHRIKF

AW 5E o 55 15 B {44 I HAMDS Cs) 3 ik
Desmin. a-Sarcomeric Actinin. MyoD1. Myf5#l
PAX7(Kl4), HEET AN MM . 4 foA% A T4
oA U, DAPIER Je4i i #% 2 5 t(S).
2.4 FRIREHRIES

IERFESF6 h)E, 5. 10, 15 ¢ 21 H K Bk VE
MDSCs TG # i JE A& A2 4k, F5 0\ 4E 5855 77 30 min
J&, BB URYCAR, 20 BRI SRRk, 1 hJES5.
10 H#& K BMDSCsTE & K A4 i 2 A, Mk 232
RELHEE . FIE DL = MAIE(El6ARIE6B). 1.5 hih
15« 21 H#& K ERMDSCs H BLAH L A2 4k (Kl 6 CH ]
6D). 2 hJ, 4B 31200 i 220 4l Hh SR ARl Al 5 1) SR,
AR g HH I — R 2 oy R . Horr, 5. 10H
4K BMDSCsif S4 h/5 41 i S48 hn i3, i
JRSC4E o B R, 4 0 MM LT . 15, 21
H# K SMDSCsi% 54 hjr 521 BSH. 10H
% K FMDSCsZE Ail, Xt R T B A k. K 4ERE i
T2 hjG A TNSEAR R AL &5 R R, 5355,
10, 15 . 21 H#4 K RMDSCs#) % A NSE(K6A1~E
6D1H1[E4), X H A KL (El6A2~El6D2).
25 REBFES

753 W] WIMDSCs & 55 B #F AR K, 40 i B AR
TEAZ A KN TE 2, B2 Al T 46 SR 4K, 18 dJF 2§
BERALARZER, 21 A AW R Yt )5 REFL 6, R



£ 4 ANIE R K A UL R A A R R 569

100 pm

100 am

100°pm 100 prhe

100 pm

A: 5HES K EMDSCs; B: 10 H #5 K EMDSCs; C: 15 H#4 K EMDSCs; D: 21 H # K EMDSCs, A i INULE 4i i B E: 42 H # K BMDSCs, [l

UL AR D, AR 20
A: MDSCs in rats aged 5 days; B: MDSCs in rats aged 10 days; C: MDSCs in rats aged 15 days; D: MDSCs in rats aged 21 days with tiny myotubes; E:

MDSCs in rats aged 42 days with thick muscle cells.
Bl AEB#AFMDSCsE ZRESH LR MRS
Fig.1 Cell morphology of MDSCs after two times of enzyme digestion in rats of different ages

B

100 pm 100 pm

100 pm 100 pm

A: SHEE KB MDSCs; B: 10 H# K RMDSCs; C: 15 H it K FRMDSCs; D: 21 H i K FRMDSCs.
A: MDSCs in rats aged 5 days; B: MDSCs in rats aged 10 days; C: MDSCs in rats aged 15 days; D: MDSCs in rats aged 21 days.
E2 T[E R KEMDSCsE AR
Fig.2 The morphology of primary MDSCs in rats of different ages
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MDSCs in rats
aged 5 days

MDSCs in rats
aged 10 days

MDSCs in rats
aged 15 days

MDSCs in rats
aged 21 days

250
3 200
£
B
Z 150 —4—P5-MDSCs
3 ~-P10-MDSC:
S oo s
5 —#—P15-MDSCs
=}
ERRY ——P21-MDSCs
7%

0

1 2 3 4 5 6 7 8
Cell culture time (d)

E3 FRIH#KRBSHMDSCsE Kz
Fig.3 The growth curve of the fifth generation MDSC:s in rats of different ages
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El4 A[EB#KFEMDSCs mRNAERS 7K
Fig.4 Relative mRNA level of MDSC:s in rats of different ages

BH AN i B B i gl . b, 7R [R) 40 fo F2 Fh B 45 2 (K TA~ETD)(P<0.01)(XI8). 4y 4 {45
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100 um 100 pm 100 um 100 pm
100 um 100 pm 100 pm

N | lUOp‘lm
100 ym

A~A5: 5 HEE K FMDSCs; B~B5: 10 H #% K FAMDSCs; C~C5: 15[ # K FMDSCs; D~D5: 21 [ # K FlMDSCs..
A-AS5: MDSCs in rats aged 5 days; B-B5: MDSCs in rats aged 10 days; C-C5: MDSCs in rats aged 15 days; D-D5: MDSCs in rats aged 21 days.
ElS ®RBAREELEENERRARMDSCs

Fig.5 Identification of MDSCs in rats of different age rats by immunohistochemical method

A C
100 pm 100 pim 100 pm
]
Al B1 ’ C1 D1
100 pm 100 pm i 100 pm S 100 pm
A2 B2 C2 D2
100 pm 100 pm 100 wm

A~D: 435185, 104 15, 21 H#E K RMDSCs 2 4115 S 51 B 5 1l SR SR G5 M K, AT~D1: NSESuiZ 2tk e tafH i, A2~D2: [
POYiE

A-D: formation of obvious axonal and dendritic structures of MDSCs in rats aged 5, 10, 15, 21 days; A1-D1: NSE immunohistochemical staining was

100 pm

100 pm

100 pm 100 pm

100 um 100 um

100 pm

positive. A2-D2: negative control.
E6 A[EHEdARMDSCsEH#E A7t
Fig.6 Nerve cells induction of MDSCs in rats of different ages



572

100 ym

100 pm

100, pm,
Voo

100 pm 100.um

A~D: 435185 104 15« 21 HES K ERMDSCsilE 175 5 )5 48 ot R 40 YL (A7 B SR 100 H 45 1T 1 A1~D1: 23 J N e 75 53 B 405 R 11 G2 41 i ¢

Fegeta 2 IHVE(DABYLth, 3 (); A2~D2: 3 i A M R .

A-D: obvious formation of bone nodules, as indicated by Alizarin red staining, after osteogenic induction of MDSCs in rats aged 5, 10, 15, 21 days; Al-

D1: positive expression of osteocalcin (DAB staining; yellow) after osteogenic induction; A2-D2: negative control.
E7 FAEIH#BAERMDSCsHKBIESHK
Fig.7 Osteogenic induction of MDSCs in rats of different ages

25 4

—_ — o
o 9 S

Number of bone nodules

w

S

ull

MDSCsin MDSCsin MDSCsin MDSCs in
rats aged 5 rats aged 10 rats aged 15 rats aged 21

days days

days days

E8 REIR&AXBMDSCsHEBFSEHMEETHE S

Fig.8 The number of bone nodules after MDSCs osteogenesis in rats of different ages
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3 1Wig
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FR I -4 ML B ) 75 R T4 B I D) 7 U T
2 L A 10 15D 9 4 ML . YR T 4 B AR T
DLSE 11 5 4040 45 b 4L 00, (L2 47 0 S B )
R T LSRR, — RN, BRI 7R T
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100 pm 100 pm 100 pm
100 n 100 pm 100 pim
A~D: 437185, 10 15« 21 H# K EMDSCs L5 3 5 B 2 MILE Y i AL~D1: SRIUILER 8 1 40 i S0 % 2 A0 BH 1 (Cy3 3 (1, B4 (),

A2~D2: FHMXS IR

A-D: formation of myotubes after myogenic induction of MDSCs in rats aged 5, 10, 15, 21 days; A1-D1: positive expression of fast muscle myosin (Cy3

staining; red); A2-D2: negative control.

E9 [ HiABMDSCsRALIES 7L
Fig.9 Myogenic differentiation of MDSCs in rats of different ages
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