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Insulin-like growth factor-1 effects on directional differentiation of human adipose-derived

mesenchymal stem cells into chondrocytes
Zhou Quan’, Deng Zhan-shengz, Zhu Yongz, Li Bao-junz, Zhang Shao-xian', Zhao Jia-li'

Abstract

BACKGROUND: Recently, researches have found that insulin-like growth factor-1 (IGF-1) can induce the differentiation of bone
marrow-derived mesenchymal stem cells (BMSCs) into chondrocytes, but there are no reports concerning the differentiation of
adipose-derived mesenchymal stem cells (ADMSCs) into chondrocytes induced by IGF-1, as well as interaction with transforming
growth factor-B1 (TGF-B1) during this process.

OBJECTIVE: To explore the possibility of inducing ADMSCs chondrogenic differentiation by using IGF-1 and the interaction with
TGF-B1 in induction.

METHODS: ADMSCs were obtained, and seeded at 2x10°cells/cm? in culture flask. Insulin-free chondrogenic media
containing IGF-1 or (and) TGF-B1 were used to induce ADMSCs. 2 weeks later, cells were harvested and stained by using
toluidine blue and collagen II antibody immunohistochemistry. Intracellular sulfated proteoglycan and collagen II coloring
were observed. Reverse transcription-polymerase chain reaction (RT-PCR) was used to detect the expression of collagen I,
aggrecan and Sox9 mRNA.

RESULTS AND CONCLUSION: After induced, toluidine blue stain exhibited that the cells in the three induction groups were
polygonal, with cytoplasm and cell membrane of blue different dyeing. Immunohistochemistry for type Il collagen
demonstrated that cytoplasm and cell membrane were stained brown in three induction groups. RT-PCR revealed that the
expression of collagen 1I, aggrecan, Sox9 mRNA of IGF + TGF group were significantly greater than the IGF and TGF
groups, and IGF and TGF groups were significantly stronger than the control group. No significant difference was determined
between the IGF and TGF groups. These results indicated that IGF-1 can induce chondrogenic differentiation from ADMSCs,
expressing chondrocyte specific cell phenotype. There is synergism of IGF-1 and TGF-B1 to induce the differentiation of
ADMSCs into chondrocytes.
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A X2 140 i B 7R IE S RE S 75 5 N I 78 o - 4
I 17 2 40 B ) 5 ) 40 A R4 355 5 O A i 2 2 R e
BEAN MG 5 . e 4k A2 K 7B (transforming  growth
factor-B, TGF-B). M&F4edufiA KN 7. S RFEE
K& F(insulin-like growth factor, IGF). HEAKAE
F45. TGF-BXR KA TEE FHCE i i £
BEVERT, AT 2 ML T R G 40 B A0 & ) 78 /5T
40 R R M) 15 4T, R e 4 DR
I T DA 0B 2 L A 5 A AR B R 4
15O IGF- A I 2 VA 5B TR R U de o
240 R 1), BF 9 BRI G- BE 5 18 7 2 555 0B 4 i
£ R BRSSP, (R A A A
3 WAL AR S 40 i 4 e 7, ke 4 w6 i
TR 0B 4t M 1 2 4 1

WEAE X IGF-1 B AT 58 22 5% T X B 40 il B A
Hs XS IGE-16E 75 15 3 7] 78 57 400 P ) 40 B A L 1) 73
AR . AT F S SRR IGE-1ANRE BT 5 () 78
A A R A ok, HAETGF-BIE SAAERIZRME T,
\GF-17T LA E 1) 78 53 T4t 0 e 4 o e, i
) — LEAIT 58 5 7RI GF-1 7T DL s XS I 28 ) 1) 78 5T 24
B B ) 78 o 4 I ) B A B A T AN T TGF-
B 5 o A gz b LA Mg 7 SR U R 7S R T 4H
(adipose-derived mesenchymal stem cells, AMSCs)}y
WO R, PRITIGF-1 51155 7 AAMSCs|a) #0411 € 7]
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BB R i sa . 556 T2007-05/2008-04 1% H1 R K2
IRIHE R Bt o 528 25 56 il
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i, Fhe25~64%, XFsls Kinyy KRB MG F RS,
DRiLpIE S VSTV (o S NA RS 18]
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IR ER kiR

% DMEM, {&5% DMEM, 34 4 1l

I1 #4521 Pifk, Aggrecan Hiidk,
IGF-1, TGF-B4

[ B s lty, fRiE, k&N,
HhFEKFS, YEHEER C

Y1 L B IR IO

158 &

PCR 4 $#1%

Gibco, #G%
Santa Cruz, Z[H

Sigma, [
KA, i

Olympus, Japan
Eppendorf, Germany

SHGEOR =

AMSCsHI S B RIESR : MTICE FITF AR B3 TR
BUIG T 4L4R, UAPBSH#E3IR L E, Tow &4 T IR AL
B 2 B AR B AL ) L RN B 4 4 A 4, BTRE SRR
T35 AAFL0.075% 1 B J5if, 37 CHR&H L
2 h, IANEEES IR EON10% %7 48 4 g AR
DMEMZ L34k, LA200 H JE M 38 25 A 4k 58 4 i B
He s HZe, g2 000 r/minE.0210 min, # L,
A5 mL 160 nmol/L NH,CI= 5 i E 10 minZifiar
Yf, FRIRESC, FFLWE, IMAKHEDMEM(E AR 4>
HON10%HT 42 iE . 100 UmLEEZ. 100 mg/Ls%
BHR)EBYUCAMN, AR, BT37 C. B
HN5%CO0, HFIHE B (4N 7 5 h 5 9%, 3 i1
U, A T RS 80 % I %1 1 2484K

FFAMSCsE B ARERB Dt : LL0.25% g
L3R 6 /CAMSCs, 4 it Futk it He, #%2x10°
ANem?it) S FE AR T-50 mLEE 70K, B T37 C.
1A AR 43 $ N 5%COL W AR 5 Al i 15 = M b i &
30 min, DABLFAUNGEE; K5, MiFEksRi, 5hnt
HRZH . IGFZH. TGFZHXIGF+TGF4, MR8/ 4HAF 435
ST AN SR O6 2 2 mBEDMEM. AR 5091 %
BB mTE. 37.5 mg/L4EAERC. 6.25 mg/LEEEE A
107 mol/LihZE KA. 100 U/mLE & 2. 100 mg/LEE
#; AL, IGFAH S F/IE 5100 ug/L IGF-1, TGF4H
S #)E 410 ug/ll TGF-By, IGF+TGF4Li%E S 7ik &
100 pg/L IGF-1£110 pg/L TGF-B4), HR4EHE SHFIE AR
b, EPERKESRIFESFIR. 5B DB TR
BEREREDL

eRlbERE. FT2M G, MEABHEL, R
P, K 2 SRR A B ) K R R B BT e LR R L
B, MnMERRESRE A L, B TFHRESECN
5%CO,. 37 CHIAMMEEEIRAAHIFE12 h, BWHER ),
PBSHIE, AR HCA10% IS 25 & 24010 min,
FETHE. OF FEIEIE . WERMBRAN. SR
TRHIER AR BRI (sl . @ 11 Yl S5 S e 2H b 2 e
s WLER T A fi 5 2 A Rk L.

RT-PCR&M : 5|¥H FifgA: TAY TRENARRS G
PR F] A R

54F5):
FEYIR N
514 il
(bp)
B-actin 3% 5-ACT CTT CCA GCC TTC CTT CC-3 313
N 5-ACT CGT CAT ACT CCT GCT TGC-3’
11 R J F3iE 5'-TTC AGC TAT GGA GAT GAC AAT C-3’ 472
=] T 5-AGA GTC CTA GAG TGA CTG AG-3’
Aggrecan F3if 5-GCA GAG ACG CAT CTA GAAATT G3’ 504
T 5-GGT AAT TGC AGG GAA CAT CAT T-3
Sox9 3 5'-GAA CGC ACA TCAAGA GGG AG-3’ 631

"M 5-TCT CGT TGATTT CGC TGC TC-3'
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53 79K F Trizolial 7l G 3R HU 4 L A RNA, - RT G &
A CcDNA, HR4E ¥ 1T 517117 PCRY ™ 1 & i.cDNA,
PCR™=#)471.5% B la Ml ke VK %55 o an il 25 2 1T Y
e A AggrecanfliSox9 mRNAZRIX

FENEIENR: OFFREARES. OF FKIEESR
AR T B 2 J5 2 2L 2340, 25 e €0 0 5% 400 L P v ok P A
(AR SR BRI R R SR 5 15 1l . @RT-PCRAS I 11 74
2 i & A aggrecan X Sox9 mRNA[FRIX.

Wity e, FEE: LRBIENE . = =1E
., TWSiAE—. . . SEE, BN .
—EE, S IEMEIL, KRB R,

FitF oM HE—1EE RHSPSS 13.08F 57¢ B
it abEE, IR EE Uxes TR, Guit iR ALt
ki, P <0.05 8% R BEMER L.

2 g7

21 SRFALUERELER

REpRELE: 5T2MH )5, IGF4H. TGFH K&
IGF+TGFZH 41 %) 5 % M TR R R, MR A s 2
gy, WE1~3.
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Figure 3 After induced for 2 weeks, cells of insulin-like
growth factor+ transforming growth factor group
turned to polygonal cells or spherical shape, with
blue stained cytoplasm (Toluidine blue staining,
x400)

K3 IGF+TGF i 2 a4l 2 2 ML akFE, M
KR OHO(T R E, x400)

T R AR LU AR TH 2 AR, dHR RS o, W
Kl4.

Figure 1 After induced for 2 weeks, cells of insulin-like
growth factor group turned to polygonal cells, with
blue stained cytoplasm and cell membrane
(Toluidine blue staining, x400)

K1 IGF A% 2 FEMME 2 MY, e pEiEes
(RN e, x400)
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Figure 4 After induced for 2 weeks, cells of control group
were still shuttle shape, with negative staining of
cytoplasm (Toluidine blue staining, x400)

Fl4 s HALn s 9% 2 )G, Aidn B0, MRS
(RN g, x400)

NBREREEA KT LE: IGF4. TGF4 &
IGF+TGF4i%5 3 5 i il 2 2 A LR IRE , i
IR PH S, A N AT IR B Bk AR, LA

Figure 2 After induced for 2 weeks, cells of transforming
growth factor group turned to polygonal cells, with
blue stained cytoplasm and cell membrane
(Toluidine blue staining, x400)

Kl2 TGF 4% 2 Mg 2 e, Mok &g
HEO(HIRIZIEG G, *x400)

Figure 5 After induced for 2 weeks, cells of insulin-like
growth factor group turned to polygonal cells, with
brown stained cytoplasm and cell membrane
(Collagen II immunohistochemical staining, x400)

KI5 IGF T 2 A 4l 2 A, M st ey
(11 B R R G e UL S e, x400)
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Figure 6 After induced for 2 weeks, cells of transforming 472 bp
growth factor group turned to polygonal cells, with
brown stained cytoplasm and cell membrane
(Collagen II immunohistochemical staining, x400) 100

K6 TGFHES 2 AGHMEL ML, ML E
(1B R e e MG G5, x400)

TGF: transforming growth factor; IGF: insulin-like growth factor

Figure 9 Expression of collagen II mRNA of every group
detected by reverse transcription-polymerase
chain reaction (RT-PCR)

K9 RT-PCR il 4 1T B iz J5E mRNA )44

L4 i P
k] - ?
h ~‘ ™ s L3
N T S f,{-“‘ 4
’ e _,!. .
Control IGF TGF IGF+TGF

> ;
ﬁ":‘ y g Marker group group group group
F < | bp

/ 2000
Ao~ L
Figure 7 After induced for 2 weeks, cells of insulin-like 1 ggg

growth factor+ transforming growth factor group

turned to polygonal cells, with brown stained 500 504 bp

cytoplasm and cell membrane (Collagen Il

immunohistochemical staining, x200) 250 313 bp
K7 IGF+TGF 455 2 A SR 2 MATE, MK R 100 '

BRI AR S e 2k 22 e s, x200)

TGF: transforming growth factor; IGF: insulin-like growth factor

Figure 10 Expression of aggrecan mRNA of every group

7 X 6 2 438 A ) ﬂ?lamiﬁfﬁﬁ , 4HRE Ij\] ﬂiﬂ BH 0 E‘]’]‘%E‘f detected by reverse transcription-polymerase
NN . chain reaction (RT-PCR)
@Rk, WLE8. K 10 RT-PCR #&ill#% 4 aggrecan mRNA {114

Control IGF TGF IGF+TGF

bp Marker group group group  group

2000

\ 1000

750
*

500 631 bp

Figure 8 After induced for 2 weeks, cells of control group 250 313 bp

were still shuttle shape, with negative stain of

cytoplasm (Collagen II immunohistochemical 100

staining, x400) )

B8 XHIBLLA S 2 S IR, P (12

Jie R g 2H 3k 22 Yt x400) TGF: transforming growth factor; IGF: insulin-like growth factor

Figure 11  Expression of Sox9 mRNA of every group
detected by reverse transcription-polymerase
chain reaction (RT-PCR)

11 RT-PCR faill %20 Sox9 mRNA ({14

22 RT-PCRERM4LER RT-PCRM LK E/RIGF
H. TGFY IGF+TGF4L I B 58K 4 . aggrecan.
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P wm AN ILIGF+TGF A 1T Y iR Ji & A .
aggrecan. Sox9 mRNAFEIL & Z5 TIGFAHMTGF
H, IGFHESTGFHER LR EMZE XL, IGFHMTGF
M TR, A2,

@ Type 1I collagen b
-
08 _ .é\g%ecan b

04 —

expression

0.2 —

Relative value of mRNA

0o —

Control IGF TGF
group group  group group

TGF-TGF

IGF: insulin-like growth factor; TGF: transforming growth factor; °P <
0.01, vs. control group; °P < 0.01, vs. IGF group or TGF group

Figure 12 Semi-quantitative analysis of expression of
objective gene in each group
B 12 B HRE H R E R 2 i

3 Wit

A KR A A0 2 1) IR AT A JE A 33 R R 1 A i A
KR — R A2 k. A DR BEAE HEFN 081 40 B F
W, k. ERAMERFE, B o2 TR
LUK FFEARZ, WTGF-BXIE. HIE
BRAEBEAZRRE. RAHEMBRAKRET7RE. IGFXRE.
PDGF MHGF%5. HTGF-BX &4l 2 A7 AE K B
B2 SRR 2 KR EKE T Bl & R ISF
WA, HATEWASIRANRIM A3, [
TGF-B1~3- HAMM. BuEdi. B an. e 4ni
AL AT LA I [ 4 WA 52 40 WA A A I TGF-RI®Y,
TGF-B& b, Lh—FhICis 1 1) )7 20 A5 T4 i o 3k
JRH, YRR pHIE S )G, fE— g T R BRI R
R, BiETGF-B, M kIEHLAFIER . TGF-BXH4
it A RSB ) R T B AR, ARIR FE R TGF-BAE k4t
X 5E, T v I TGF-BIU ) 2 i iU 781 73
5 1 4B ) R CE AR A B, TGF-B 5 4 H i 11
TGF-BII B2 (TRRIN) 4SS &, MR TGF-B I 2
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SmadifE M FMMEK1/2-Erk1/238 4, & % H 15 51 40
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BE A0 R S PR 1T 8 iR iR 2R (1 flaggrecan, IGF-1A
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IR, RHEA100 pg/L IGF-1#110 pg/L TGF-B4
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