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Isolation and identification of tendon stem cells from rat Achilles’ s tendon
Hu Chao, Tang Kanglai, Chen Wan, Ma Lin, Yang Guanghua (Department of Orthopedics, Southwest Hospital, Third Military

Medical University, Chongqing, 400038, China)

[ Abstract | Objective To isolation and identify tendon stem cells from rat Achilles’s tendon. Methods
Nucleated cells isolated from rat Achilles’ s tendon tissues after collagenase digestion were plated at different
cell densities and cultured at 37 °C, 5% CO,. These cells were at passage 0 (PO), and then the cells from
passages 1 =3 (P1 — P3) were used for the following experiments. Cell proliferation assay and colony assay
were used to observe the self-renewal and proliferative potential of the obtained cells. Immunocytochemical
staining and flow cytometry were employed to detect the expression of stem cell markers and lineage-specific
markers. Osteogenic, chondrogenic, and adipogenic multi-differentiation potentials were observed by cultured
in different medium. Results These cells were CD44h( + ), CD90( + ), CD34( - ), and CD106 ( - )
indicated that they shared some common properties with mesenchymal stem cells. They also exhibited their unique
characteristics by expressing tenogenic and stem cell markers SSEA4 , nucleostemin, anti-Collagen [ , but not
expressing Collagenll. The cells also had osteogenic, chondrogenic, and adipogenic differentiation potentials
by cultured in different conditions. Conclusion Tendon-derived stem cells with multi-differentiation potentials
are successfully isolated from rat Achilles’ s tendon under the optimized growth and differentiation conditions.

Achilles’ s tendon; tendon stem cells; isolation; identification; rats

[ Key words |

Supported by the National Natural Foundation of China (81071464 ). Corresponding author; Tang Kanglai, E-mail; tangkanglai@ hotmail. com

JILIEES ( tendinopathy ) 7E 1512 2y 2 B A rh i UL
VISR BRI ik L )y fi e A i R SRR AL, B DL 2 3
B JE b UL e S BRI . E R LS B A e bl
il W AR e AL, [ N Ah 2R — 0 UL P 2
L S5 i 38 2 A A S B 1) 8 Ak LR S A s T
Rl 2 2007 438 [E 2 NG 1 ILRRE T 43 B
—FhEA AR EHTRE 1 A0 40, 8 A 44 o U T 4
o= 45 21 i ( tendon stem/progenitor cells, TSCs ) (1
2010 4F 7 2 7 DA RUDLREE r .43 25 Hh LBE T4t
ZHMLEA Z m i Re , OF HAESMEYERTS IR R E,
YERTE S o34l A28 B 0 TR 140 B ) S5 o3 fk

[E£€mE] HEARBFIS(81071464)
[{B51EE] JHEHK,E-mail ; tangkanglai@ hotmail. com

[fE5FEHAR] http://www. cnki. net/kems/detail/51. 1095. R. 20130321. 1105. 020.

html (2013-03-21)

LA WU 19 2 3t o G LI T 40 i A 56
AT [ PR 1 20 DA, K B U s T 9 7 —
MBI DRI BAT TS R R BRI D LI+ 4 e T
PASE IR HERE , B AR O WUREE T 4 - WL s 1697 114
PE— 5 B A

1 RS

1.1 KSR R BT i B A F

B8 JHi SD AR, MM A5 B 200 ~250 g( i3 = BEAF
STEEI ORI o I BRI , B R BRSO B, S A T
TS J PR 43 LA BT R LA B B 1 e A UBRE R A0 BT A 1 mm
1 mm K/, 5 100 Z 3 A GUR A S 3 mg/mL T B J5 i
(Sigma 7\ 7)) F14 mg/mL {72 (17 ( Roche /A7) ) PBS,37 C
SEAATNAL 1 by PO TS ARS , R AT RS R T 1 56 4 1 LR % B2 41
SR AR T, A 100 U/mL 5452 100 U/ml
R (B A R) B 10% A4 135 ( Gibeo 23 7)) ) DMEM ( Hy-



o35 &5 11 B K K Ok ¥ %
J Third Mil Med Univ

1098 2013 46 A 15 H

Vol. 35, No. 11
Jun. 15 2013

Clone 3] $5 5755, BT 37 °C 5% CO, WiRA P E . 24 h 5,
B 28 1 LN ZH ST R TR M M e Ak 3% 8 ~
10 d(HB RN 3 d/ k), AT A2 2 JULIE T 40 1 45 7% T i
JEARZER S, PO 4K, A RS S I P2 ~ P3 AR TFAHOGSE S .
1.2 LI SLIETS R

B P1 AR LR K U5 440 a2 16 50,500 .5 000,50 000/ cm” 2 fif
2 6 FLIIEFRAUD , R 8 B R 3 AP AT, B RETRIL
BN CO M40, 7E 37 °C 5% CO, B A Fi B #1458 T e 1R 35 9%
10 d, % 3 RIRK. FramiveREIR s , kI 58 (Sigma A 7] )
Pty AR I TR
1.3 fmpe g s st /14 m)

B P AR BR ok V5 41 g 4 B 200,500 ,1 000 ,2 000/ cm” $
Ty 24 fLARh A B 3 AT, B S E T 37 T
5% CO, IWFFE N i35 o ETUE BT 25 2 4 .6.8.10 .12 d 435
T LAHAR S At M, 3 DL A e 8, O34 1R
AR AR . AR AT 2 B[R] BT DU A5 0 200 B A 5 45, 22 LR
T A 4k
1.4 KEAMBEETmpl s
1.4.1 AFEfFcYRETOCEE TP AL, WHikE %
FhF 24 FLAR . FRam MG RE S, T 20 40 M s R, RE R T
FH PBS k)5, FH 4% £ B HEE[E & 30 min, 0. 01 mol/L PBS /
0.5% Triton X-100( Sigma 7\ 7)) 3% 30 min; 235 FH—3i . 9t
(1% % #%, anti-Collagen I /RBITC, anti-Collagen II/RBITC,
Nucleostemin/RBITC, anti-SSEA4/FITC) §% % ; | Heochst33342
(AR R) Ptz TWOCIR A WA T WEIHAIR,

1.4.2  REbmicH i =i s e AT UESE PR L
TSR IS AN AN 20, R FH I =X Al i 4 A 430k T 40 i 2 i b J
AT WREEZ 2 x 10°> P3 AL 41,1 500 /min 50> 4 min
JEi 725 L3 s Buffer R, L 100wl ZHLER (29 3.0 x 10° 4>
YiifitL) A Ep 4 N, # 5 A& CD90, CD44h , CD106, CD11b
(Biolegend 23 F]) ,#HEHEE 30 min, 1 500 r/min B5.0> 4 min 53

LI, BRI 300 L Buffer R R, AU,

1.5 KEAMET@i % @alibhiiis

LS. 1 JREEWHAESME KA 3 x 10° MR T 6 LR
LA 2 mL/FLE ] 58 5T T 40 5 S L e 2 R R 3k A )
(] INFE RASMX-90031) ,3 d #uifit , e i S35 F7 3% B i, 1
F124 h Bl A, BEEERE 3 Wa, B4R A WA S
7 d, BRERE, W, PBS rhyk)E, in 10% rh ok F
(Sigma 23] ) [E5E 30 min, PBS Wik 2 3 5, 2L F LAY (o, W
EINIRTE L

1.5.2 mEHTTE e P2 £, TSCs #4775 5, Fr 4l i i
7 80% ~90% Fl & ik, WAk H5 4 dE 3 x 10" RN T 6 fL
M, A 2 mL/ LAY [B] 78 5T T 4 B 5 oAk S8 A B SR 38 (M
Pl RASMX-90021) £ 3 K, 5% 2 ~3 . HS5Ema,
W 4 3R 3% PBS wPk)E , I 10% Hk B S [ 5 30 min, PBS o
e 2 R, R T LAY AR RCE T

1.5.3 WHCEFESMME KAk 1 x 10° 40108 T80
BNEOE, ABECE 2% R R () M FRL RASMX-
90041 ) T TF , I FRE O WA ER, N £ B3 KL E
HIEET 37 C 5% CO,BFANREFE. 24 h 2530 3740 i
BROAE2 ~3 REHEE R, BT 2 ~3 . B 8Uq, B gn
MaEk, A A S R, R T DAY SR B Dl o

2 HR

2.1 MRl A BRI IR A IR

K TE MDA 2 R FldA TSCs K, FER e T
REME WS AE M S RS 0 A B A G TSCs, ZE AN B5 5% 7 d
J& , BV A FEE T I8 3 1 4R VR R AR K 1 TSCs, 1 40 i 322 i 25 12
S5UEEE RN KN R AR (B 1.2), EEMHES 1 X
FUR B 2 KT AT, I DL sk A Am s g i 2k (181 3)
YIRS 2 ~4 d, W HOEGEIIN 6 ~ 10 d, X408 E G 2
PERPESE 12 RIEASEE,

(1) (]
A B.C:TSCs PO X327 3.7.12 d st em e dE % (2% x40) ;D Zikimtt A& k69 TSCs(Gh 3 B4 x400) ;K. 40 i dk 4 F & 0, TSCs
EAFAEERE P G AEHED) (SR B AL x400) ;F. R B4 AL e U 20 42 B B T LA 9P B AR TSCs A K (b5 2448 x400)

E1 XRBRERENETEREERESNE



o35 &5 11 B K B Ok ¥ % R
J Third Mil Med Univ

201346 A 15 H

Vol. 35, No. 11
Jun. 15 2013 1099

A ~ D 3H % E 5 %) % 50,500 .5 000,50 000/ cm?
B2 AEEMEET S FER R RS

1201 - 200/7cn?
-0-500/cm?

| —— 1 000/cm?
1007 e 5 000/cnr

80

601

IS FH A E

401

201

0 2 4 8 0 12

6
il (2/d)
3 R R 40 R A K i 2 R0

2.2 WA CRR AT HATE W LT

JUUREE T 41 S e 9 Y e £ 56 e 4 Bt R I T R i J 3 3k
SEE M, I A 2 3k 2 B M, B B e 5 1 A B 2R T B R4
(SSEA4) #Z T 41Kl F-( Nucleostemin) ik FHPE (&1 4) o ik
20 3 %o 40 L T ) 4 SR i — 25 R R R R i ke
V5T 4t B A A T 4 MR (18 5) o B 99% 1 91% 1y
20 T 40 0 3% 16 AR iC 4 CD90 ., CDA4 5t [H 1 33k, 1fii CD34
CD106 2 [HHEHRE.
2.3 TSCs % @p4ALat ey %2

FEFNE R RIS 3 )G Ui - S B, ok E R Al I
2116 PN B S0 I SR TR 5, i 21 e €2 T D, P R A g i T G ([
6A B) . K RUBRME R U5 41 A 75 R 18] 7 5T T 40 0 g B 5% 9 3
W4 )G, A R 0 R B, 9 R AT g R] LB Y 4
IR (E 6C.D) o FATIR AN 55 0 05 v, LT 40 i
ZRURE TR 3 G, AR T R R RE AL, F ORIk
WY I ] L Y BRI SRR U 4 I AN R R T B
B 6E . F)

A ;Collagen [( + ) ;B:Collagen I[( - ) ;C:SSEA4( + ) ;D:Nucleostemin( + )
El4 TSCs HyRBotERE

1500 1 500

99.86%

| 510001 91.60%
+

' 500

315
N
. ¢
P_:_
e— 1
—
R
i

T T T T T |IIHII' T T T T 0_ r
10" 10> 10° 10* 10° 10° 107 10" 10 10° 10* 10° 10° 107
FL1-H FL1-H

3000+ 1500

0.34% | 10007

Elliha e

1000 [l 5007

0+ 0
10" 10* 10*° 10* 10° 10° 10™ 10" 10* 10° 10* 10° 10° 10™
FL1-H FL1-H

A.CD90( +);B:CD44( +);C.CD34( - );D.CD106( - )
E5 TSCs RETHIRCHHRXAMET

it

ASHITFE IS ISR R S A B 23 B R4 T L
it A, AR Shai i BT R AR S OTE , (H [ Y 525
WFgE D WARE . AR BOE 2 /19 T 40, 72 3CRR[ 4]
(Al L, BATHCHE A M SR 70k, e AL AL
Ja  AEARSE AT AR /I 2R U 21 4 J Rl mT RE AT B
HAH—EN TSCs, HAAEM , KRR AHE IRk
ABEFERIA , A A T I 07 5 BRI 2 E 2
HARI TSCs , H AR 4 45 R S AR S SCRR 3 -4 1 6]
BER.

(]



535 A5 11 ) o= F B OR % ¥R
J Thid Mil Med Univ

1100 2013 46 A 15 H

Vol. 35, No. 11
Jun. 15 2013

D

M EE TR AR RANEII N EF R REEE

AB:TSCs R A5 W5 i /6 e A BB A 2 €5 M & ( x100) ;€ D TSCs REHFHLEFRB XL L ERH A (x100);E.F:

B 6 TSCs ZEmmuLBaELE

TSCs 75 AR Fh %5 BT, HA 5K ) 3 58 1%
fiE, FLAETE B KA 44 7% , i £ 5 000,50 000/ cm’
FEFNT P AN A VR U/ o X AT RS FH T A U5
RN DA 1S e e g L A1 B P e
RS = 1 1] o 10 A1 U0 D 1 U QR o
BR[3 -4 WU T2n 4R . S 40 % i 10 d,
AN K HE A S, T RE S A0 IRl & R ad s, 40
ANBEFE T WIS SR I TR 00 K. AR, KRR
Tl Sk W5 WL T 40 M 2 15 T 40 M bR 2 9 CD44h il
CD90, 5 2 FTSCHR AR A (9 A /N B R G Sfe R T 40 i —
Y, 5 BMSCs F i bric A2, i CDIL,
CD106 115 15 5 BA P, 26 W AT 0 85 37 07 1 3 U
TSCs A ML 4 Mok P50, LR 32 Hi5 g, IR E 1A
UG E IR Ay, T BURE R AT 4ok, o UL &
PRSI 5 5 1 95% LA L, A1 LA 1) 6 — 25 i T 7Y e
JREFHEREAN o5 WU I SR 35 5% 2245, vl RE A LAE (&
AT ARRFSE R PLAR TSCs T K Ji 35 B,
1115 TR 58 i Sk B A, 2 WA oM U WL R £ 488 5 [
$E/R TSCs TEIEH N 00 T 2 5 44 LI 0 1E # DI B
SSEA4 J&—Fh ARG BERS DL , 7E 40 L BT N 3Rk L 8

AT R 73 A 2 BE 20 I A0 VR I 300 20 i 7 ) B9 b
A RIS I A S 2 i Sk [ 13 ] Y BMSCs
FORM— 2 T AR DU T AR A% LG
SRR AR h 205 , AR AN A B R AT 3R
IS5 W1 P S U TSCs J& BAT TR,
UE T G JUURE 40 0 1 v 45 SR 3 4 B
BB AYE, s TSCs A WIHH 10+ 4 i ek, 5
BMSCs AR SO A 2 A GO ) 26 A 2 R
/N TSCs BATHISE I A FCEFTRE S7 , R HA WA 20 i
FFER A0 .

Z i TRt — L W T TSCs BA Z 0
IR RE , RERETEAN IR 26 AF 1 10 JNR LR B T7
oo A SEHRAE B A0 M 5 5 201k Hh e BRAE ISR |
BCH U5 I R R RS S TR AR W HE ARG |, 40 R
LR HERREAE K (K 6A ~ D) 5 T AR 5 S, fiE
WG B T P 240 AT i LS R AR A DL A 4
VOB MG WA 1 2 B AL 7 FLRE T 40 L e
HUPRZS T ARFIE , 55 LB B BEAF AL ARAT . P,
AT JULAE 240 0 A — 5 B BEAIL AR T 79 5 o4k
JeT R NURE A B BN o [R], 7i BELA 2R T B



o35 &5 11 B K B Ok ¥ % R
J Third Mil

201346 A 15 H

Vol. 35, No. 11

Med Univ Jun. 15 2013 1101

BT, U185 B e s D0 RE 8% it — 25 i 5 LB g
MRERE . HALHISA frat— 22 SR i

R SRR R AL+ 4 it 55 7 e M5 1, L
Rt (4 E— 25 AT 58 B85 Bt . TSCs HA B F BT A
Z 10 VR RE , BERS T 5T AN [R) 0 I 2 A f 3 R 3%
X HFZ WA BEE BT FE R, D 1 i U 114 S50 ML il K%
I ARG T R HE— 2RI 525 18] o

S 3k

[1] Lian O, Scott A, Engebretsen L, et al. Excessive apoptosis in patellar
tendinopathy in athletes[ J]. Am J Sports Med, 2007, 35(4) ; 605 —
611.

[2] Arnoczky S P, Lavagnino M, Egerbacher M, et al. Matrix metallopro-
teinase inhibitors prevent a decrease in the mechanical properties of
stress-deprived tendons; an in vitro experimental study [ J]. Am J
Sports Med, 2007, 35(5) : 763 —769.

[3] Bi Y, Ehirchiou D, Kilts T M, et al. Identification of tendon stem/
progenitor cells and the role of the extracellular matrix in their niche
[J]. Nat Med, 2007 , 13(10): 1219 —1227.

[4] Rui YF, Lui PP, Li G, et al. Isolation and characterization of multi-
potent rat tendon-derived stem cells[ J]. Tissue Eng Part A, 2010, 16
(5): 1549 —1558.

[5] Rui Y F, Lui PP, Chan L S, et al. Does erroneous differentiation of
tendon-derived stem cells contribute to the pathogenesis of calcifying
tendinopathy? [J]. Chin Med J (Engl), 2011, 124(4) . 606 —610.

[6] Colter D C, Class R, DiGirolamo C M, et al. Rapid expansion of recy-
cling stem cells in cultures of plastic-adherent cells from human bone
marrow[ J|. Proc Natl Acad Sci U S A, 2000, 97(7) . 3213 -3218.

[7] Dezawa M, Ishikawa H, Itokazu Y, et al. Bone marrow stromal cells
generate muscle cells and repair muscle degeneration[ J]. Science,
2005 , 309(5732) . 314 -317.

[8] Zhang J, Wang J H. Characterization of differential properties of rabbit

tendon stem cells and tenocytes [ J ]. BMC Musculoskelet Disord,
2010, 11 10.

[9] Shukunami C, Takimoto A, Oro M, et al. Scleraxis positively regulates
the expression of tenomodulin, a differentiation marker of tenocytes
[J]. Dev Biol, 2006, 298(1) ; 234 —247.

[10] Yoshimura H, Muneta T, Nimura A, et al. Comparison of rat mesen-
chymal stem cells derived from bone marrow, synovium, periosteum,
adipose tissue, and muscle[ J]. Cell Tissue Res, 2007, 327 (3):
449 -462.

[11] Wang J H. Mechanobiology of tendon[ J]. J Biomech, 2006, 39
(9): 1563 - 1582.

[12] Brimble S N, Sherrer E S, Uhl E W, et al. The cell surface glyco-
sphingolipids SSEA-3 and SSEA4 are not essential for human ESC
pluripotency[ J]. Stem Cells, 2007, 25(1) : 54 - 62.

[13] Gang E J, Bosnakovski D, Figueiredo C A, et al. SSEA-4 identifies
mesenchymal stem cells from bone marrow [ J]. Blood, 2007, 109
(4): 1743 - 1751.

[14] Beekman C, Nichane M, De-Clercq S, et al. Evolutionarily con-
served role of nucleostemin: controlling proliferation of stem/progeni-
tor cells during early vertebrate development [ J]. Mol Cell Biol,
2006, 26(24) : 9291 -9301.

[15] Lui PP, Chan L S, Cheuk Y C, et al. Expression of bone morphoge-
netic protein-2 in the chondrogenic and ossifying sites of calcific tendi-
nopathy and traumatic tendon injury rat models[ J]. J Orthop Surg
Res, 2009, 4. 27.

[16] Speer MY, Yang HY, Brabb T, et al. Smooth muscle cells give rise
to osteochondrogenic precursors and chondrocytes in calcifying arteries
[J]. Circ Res, 2009, 104(6) ; 733 -741.

[17] Fredberg U, Stengaard-Pedersen K. Chronic tendinopathy tissue pa-
thology, pain mechanisms, and etiology with a special focus on in-
flammation[ J]. Scand J Med Sci Sports, 2008, 18(1): 3 - 15.

(%5 :2012-12-26 ;& [E :2013-03-01)

(%% K %)

FitFAERNAELZEXSEPNESEN

LEEAHXSE AP RN R EZALREL A ELERRKE WA N RALMEM X B IE

2 EHBEMEALMAME TR ZEA MARTHREANERRFZ;HAXRTNREY AR
EXTUMEANREXRR, HRERNFARRKA, WRALERAERXAR, TIEALMA S BT 447, 0
ok A TR B B ] G R B R R I R R B AERK R, REEMR T, AW EE S EKE,
AREMAMRKRR, F—REZEARKA, THAFHEX A EEEZEARKA, LBAHRK R,

3AMATE EMEX A, BN ELAHAR AEEEEEAMS , WRMABHEELES , THEM
BELEERMERMMN . WRBEREE G EEY U RHAT S S

ESHECES



