o [ 40 A 402 244/ Chinese Journal of Cell Biology 2014, 36(5): 586-594 DOI: 10.11844/cjcb.2014.05.0417

ME K E X BMP4xt /)R iF SR % 58 T 4 Aa
E{EBRMR

FAEY %k Y B OB T T R RARY e

WE  FH5A % 4T @ (induced pluripotent stem cells, iPS cells AR 49 2 A4 B RLLLR TA26 57
R T I L, KT B A BB AT AR AR T AR ] AR R T ) RiPS4a AL
89 RV BE ), FHRIT T B A% B 4(bone morphogenetic protein 4, BMP4) £z it A2 7491k F . IR B
T ARE A2 dE, IRAELL H F AR kg Fe B AR B Runx2.  Osteocalcin®) %A KT B2 5T 5
¥ thAn § K CLA(P<0.05); BMP44Y R A0iR & T S4B 40 # & 43 [ 4 28 L b A5) & Osteocalcint) &5 7K-F
(P<0.05), mat B K2 m it e s KT R #rh . 124 RA: IKH E454-2 3t ) RiPSa e & & 4
A ALHAE ), e BMPATT VAR &) 2 b 400y RAPS 20 AE B8 ), ABATE B S AL AR T R AFAE A .

XKHRIE  IPSHN; RO Ak A BRI BMP4

Effects of Glucose Level and BMP4 on Osteogenic Differentiation of
Mouse Induced Pluripotent Stem Cells

Xing Jianyu", Zhang Yu*, Chen Mo?, Wang Yibo', Ding Chao', Shi Jiuhui'*, Liu Zhonghua®*
("The First Affiliated Hospital of Harbin Medical University, Harbin 150006, China;
*College of Life Science, Northeast Agricultural University, Harbin 150030, China)

Abstract  Induced pluripotent stem (iPS) cell technology casts a light on autologous cell/tissue transplantation.
Considering that diabetes is combined with delayed bone regeneration, so in this study, we investigated osteogenic
capability of mouse iPS cells in the media with different glucose levels and evaluated effect of BMP4 (bone morpho-
genetic protein 4) on the osteogenic capability of mouse iPS cells. The results showed that, after 21 days of osteogenic
induction, low-glucose-level group had a higher percentage of alizarin red S-positive cells and elevated mRNA levels
of osteogenic genes, Runx2 and Osteocalcin, compared with those of the high-glucose-level group and spontaneous
differentiation group (P<0.05); BMP4 treatment increased the percentage of alizarin red S-positive cells and expres-
sion level of Osteocalcin in high-glucose-level group (P<0.05), but had no effect in spontaneous differentiation group.
The results indicated that low glucose level promoted osteogenetic differentiation of mouse iPS cells; Although BMP4
could enhance osteogenic ability in high-glucose-level group, it functioned specifically during osteogenesis.

Key words induced pluripotent stem cells; osteogenic differentiation; concentration of glucose; BMP4
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1.1 #8

/N SRAPSEH I 2 (p14-2-2) H H [ R} 24 B 3h 4 fir
oA P g . g5 T 7R Yamanaka 5 R DY K]
T(Octd. Sox2. Klfd. c-Myc)Zili# s B 5% Y3k
15, A58 FH AR Sk £ Pt A2 /0N BRVR I B 2T 44 4 i
1.2 5 RILER

{IKHEDMEM. & HiDMEMZ; 7% 3 i EH Hyclone
A FE; B MIE(FBS). & % #E R 2. Tryple
EXPRESS/ F Gibcos Al; 6 R 4LS. HiZEKIA. PB-

HMBE RN, UK MR 3 H Sigma A 7], BMP4IY
FHR&DA @]; — $iOct4. Sox2. NanogHMHISSEA1Y
H Millipore A il ; Bl 14 f2f & il 4% €460 57) & . H&E$Y
A& B EH s R AR A .

12FL 124741 15 72 AR (Costar); — AL B 35 77
#6(Themo-FORMA); 13| & &35 (Olympas cx21); 1
1 Fr Bl (Leica-RM2235); Real-time PCRAY(ABI 7500).
1.3 NRiPSHpEIEF

/N ERAPSHN A 5% 77 T LNES 35 U (LNEE 72 N &
48% DMEM/F12}% 7% 5. 48% Neurobasal$ 77 3.
1 000 U/mL A 1fiL 5 # il] Kl F-(LIF). 0.5% N2, 1%
B27. 0.5 mg/mL4* I F & H(BSA). 100 U/mLF
FBHFA100 pg/mLEEE )+, B 137 °C. 5% COif
R BE R RE TR M T R %, 22 B R E /N L
A AEAN A A1 FR 2, Tryple EXPRESSTHALAEAR
1.4 NRIPSAMEE
141 AtsrmBEdR e BefLET TR PRI FR AN
BRPSHH i 7 2 BE 72, IMA4% % 5 L] 72 1 miin,
T YRS B3R T K I 1 R Tl R A e I Y A
N, TG EIRIEE 15 min, FEVERIE VL3R, SAEE T
MELHH IR .
142 REFNEZR BREMEIEFRE, PBS(pH7.2)
V3K E I N4% % 5 F % & 7E 30 min; PBSHE3IX,
37 CCIEMEMGE I h; JE 05, =il TR A1 h,
B AH B B — $1O0ct4+ Sox2. SSEA1H{Nanog, 4 °CHi
B &, PBSYE3 KGN 4, 37 CCREOLIF A
1 h; Hoechst333424%4% 15 min; 1& B3k, TING 96
PR, 5 R T M I A
143 ARET  FFRIFIIANZIKEN0.4 g/mL
(R AK 7K Al 2K 4L FH2 h; Tryple EXPRESSTH 1L /) fiPS
YA, BH UG BE K A IR R A RS, R A TS
W, 37 °CRFHEE 15 min; E0F BiF, AR E
MUK I 220 min; BHE AP E—UEEO; A
200 pL¥ [ 58 W, % Fr B AL S minf5 Bk .
144 %M AR EESN  GAPDHANZ, /M,
JVR S B T 4 401 B R ot R, PCRASE I /)N B P S 2 g, P 95
T 2 fe Pk & K Oct4. Sox2. Nanog. c-Myc. FGF4
IR . BT 51 AR R FE R A B, P AR 1T
145 ®fps9B Rk 5% Tryple EXPRESS
THAL /N BRIPSZH AR, B RN B 2 bt 1 5 2 4H L s, DA
1x 1072 1 N6 56 8 W #1 B3O IBE Py N5 38 5 Ab 4,
HUREIE 5, 4% BEARHE I A 05 DR A B IR ARG B4
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(H&E) Lt D IR By Ja R = R 2T LA L
1.5 $#fE{K(embryoid body, EB)AY & & X EBH
[FES S

A Fi s B 25 BRiPS HR (19 1] 37 J2 400 M oM B 4l v
(FiPSHH Mo & V25 0y; FH AT 4 40 i 855 R (&
10% FBS. 1% 4t 1% A2 Wil 1% NEAA(non-
essential amino acids) ) = FEDMEM#$ 7% ) ¥ 41 g
HE, EARE IR AN RES], 37 CCIRAEME; 3 dE
EBJY . HEBHLIR W ET Ay /N0 i A B 5, DLEE AL
(15~20)/FLEBI1) % £ 45 b T8 A B I B 6 fLAR H, AR
PE L5 H A AN [R5 725 7721 d, B R

B SH IR SH10% FBS. 1%, 50 mg/L
PR IMER . 10 mmol/L B-H M BEIREN . 1x10° mol/L
iy ZE KA A B FEDMEM; B 2T 24 40 it 5 77 ¥k -
FH10% FBS. 1%0 . 1% B2 B, 1% NEAA
() = FEDMEMES 7290 -

SEIG O N B R A L (R AT ST B RS 7R =
BiH 7 S AR FEDMEM B i 315 72, HD-Glu-
cose ¥ & A4 500 mg/L)FMICHE & 75 F 4L (IKFEDMEM
B SR IE, H A D-Glucose & & 41 100 mg/L).
A4k, BMP4ALHLA [ BMP4Z K [ 4100 ng/mL.

1.6 BRAEE

ST EAESET, 14, 21 A TH R0,
95% £ T == I [# 52 10 min, PBSIHE3IR, ¥ R 4137 °C
G430 min, PBSTEVE3 IR, 5B WAsE T WM.
1.7 B ERERIEEN

PEICAN Mo 1) A RNA, HAK 5 2 2 I Trizol Rea-
gantPit W 5. s ACcDNAJG, #4 TaKaRa SYBR
PrimeScript™ Kiti5 B 5 i 37 Je A& 2. K FHReal-
time PCRAG M 3¢ 1 32 [K| Runx2 K1 Osteocalcin®< 1% 7K
., Bractiny N 2. Fit F 5190 B 4 K5/ & R, 9l
YIF A Osteocalcin-F: TCT GAC AAA GCC TTC
ATG TCC, Osteocalcin-R: AAA TAG TGA TAC CGT

AGA TGC G; Runx2-F: CCT GAA CTC TGC ACC
AAG TC, Runx2-R: GAG GTG GCA GTG TCA TCA
TC; p-actin-F: GAC GGC CAG GTC ATC ACT ATT
G, p-actin-R: CCA CAG GAT TCC ATA CCC AAG A.
1.8 BEHIT

K SPSSHAF41(10.0. 1) AT B A B, Bk
43 MK H Student’s #8556, P<0.05IN AAF{E R £ 5,
P<0.01CAAFAERN B 2 57

2 H#R
2.1 PMRIPSHBESENREZBLEE

/N BRIPSHN i TSR AE K, T I v [ 2 5
RELS BUAR, 0 FHE M, RGN, 2082 ) R BRA
., G TASEZR AT LT . /)N BRAPSZH sl 14 e 1
il G 0 N BH AR (BITBSE £ i k), AR yoxf B o) 7%
J2 40 D PR IBRE 2k i k). /) BRiPS4H il 48 ik
Z RAERSGIATIZ L 4T, e PR R B, H
G fR B E . TSI ARRAE 7 E SE (E2).
2.2 MRIPSHREZ M REERNRIES

T B RO 45 R R, /D BRIPSHH i [ Oct4
Sox2. Nanog. SSEA13) 2 HMHRIE(EIB3A~EI3H).
TR Z g R 2 et R R B 2 HIPE. #
TRIRATT AW T /N BRIPSHH A P IR 1 £ e FE A 1)
FIKTEBL, F LA/ R IEHA BT 440 B4 S [ M5 R
4 AN B3I 7, /N BRAPSZH i 1 P9 U5 1 JE K Oct4
Sox2. Nanog. c-Myc. Fgf4¥J¥%80%, 1M /N B RG
FRATAEAN R IR LRI R IA 2 FI P
2.3 /ERIPSZAREAY 53 1L BE J14E

BN ERAPSA A I35 753 dJE v LB R AR T i,
BE N WS AAR 52137 B 1[5 BRR(E14D), 7] L%
Y B RS AR ST

H /N ERAPSZH ALy E N AR B T2, 38 J5 o] L
W AT T . BEIAA~AC A I IR IR A i) 2 F AR RS —

=1 51¥F50%
Table 1 Primer list

TR A4 TR Ei 145" 3" NS —3Y)

Gene name Forward primer (5'—3") Reverse primer (5'—3")

Nanog CAG GTG TTT GAG GGTAGC TC CGG TTC ATC ATG GTA CAG TC

Fgf4 CGT GGT GAG CAT CTT CGG AGT GG CCT TCT TGG TCC GCC CGT TCT TA

Oct4 TCT TTC CAC CAG GCC CCC GGC TC TGC GGG CGG ACA TGG GGA GAT CC

Sox2 TAG AGC TAG ACT CCG GGC GAT GA TTG CCT TAAACA AGA CCA CGA AA

c-Myc TGA CCT AAC TCG AGG AGG AGC TGGAAT C  AAG TTT GAG GCA GTT AAA ATT ATG GCT GAA GC
GAPDH CCG CAT CTT CTT GTG CAG TG CTG TGG TCA TGA GCC CTT CC
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Az /N ERIPSHAIL; B: /N RIPSHH BRI BERR RS (2. A7 /R=200 pm.
A: the morphology of mouse iPS; B: alkaline phosphatase staining of
mouse iPS. Scale bar=200 um.

B NRIPSHRBER TS R BB
Fig.1 The morphology and alkaline phosphatase
staining of mouse iPS cells

A: SFE2SACAN MK 4% T, 2n=40; B: F46ACA M M% T, 2n=40. kR
=20 umo
A: P=28, 2n=40; B: P=46, 2n=40. Scale bar=20 pm.
E2 INRIPSZEREAIE 5 47
Fig.2 Karyotype analysis of mouse iPS cells

Hoechst33342 FITC

Oct4

Sox2
D MEF  iPS
e [
Nanog e
o [
SSEAL1

A, C. E. G:hoechst3334244#4; B, D, F. H: FITCHRIC st JHLHA. BHNOcH; C. DASox2; E. F¥Nanog; G. HJYSSEAL; I: WA
P2 BE I I mRNARIEATI . 47/X=100 pm.

A,C.E,G: hoechst33342 staining; B,D,F,H: immunofluorescence assay for FITC-labeled antibody. A,B: Oct4; C,D: Sox2; E,F: Nanog; G,H: SSEAI; I:
the mRNA levels of endogenous pluripotency markers of mouse iPS cells. Scale bar=100 um.

E3 ERIPSHAAE S BEME B E R FRIEALT

Fig.3 The expression of pluripotent-specific genes of mouse iPS cells
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K4B) K W RARF LN LR, B40). ZiREox  Zdudebs. BRMEU. ShEE AR5
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A~C: /DR BRI A ) S H&E G 5 AT SV . A: 4R
I B: RITALY; C: WA FEALZ D: IR . $7=50 pm.
A~C: paraffin section of teratoma derived from mouse iPS cells stained
with hematoxylin and eosin. A: neural tissue; B: adipose tissue; C:
gland-like tissue; D: embryoid bodies. Scale bar=50 um.
El4 NERIPSHRAE S L RE S48
Fig.4 Differentiation ability of mouse iPS cells
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SHMAM T NEIET, 14, 21 dEEFRG, HHATH R
et W AL TTRUE L. WEISHTR, BEE 5 S0
B) A JE K, e W AL RO 2 1 &0 2 5 &5 Y A = B
W22, HL s 4 S 45 7 B T R B A b 2EL (1
5A1~E5A3. E5B1~KI5B3), Tfi H & 70 AL 4 A8 34
5 7 1) B4 A L W Sk P 5 451 7 AR (15 C 1~ EI5.C3) o
I Image-J 84 %o BEATLAR B 7 98 36 408 i AL (H
o EO)EAT 04, SR ER, B4, 21 4, &
B ZH 1) 96 FR 21 (0 T AR 2 I TIPS 2. (P<0.05) (%
2)o LA RIEIR, BRI R B R R T
B A A A R S TR K P

Runx2HOsteocalcinie B H 57 I J 2R 3K 11
ANEEEERY, H%F21 d, K Real-time PCRiZAR
W = 20 F Runx2F1 Osteocalcin ] 3 15 /K ~F-(K16). &5
HEIR, EbEHRunx2F Osteocalcint) 32 1% /K- 2
TR

IRGE R, FEIE M R TR R R, N ERIPS
YR AT LABEAT 5E [F) BB 24k, T 3% 77 25k v 1) v )

21d

A1~A3: [CFEAL; B1~B3: mikE4l; C1~C3: @R LA 4. Al. Bl. Cl: 204k7 d; A2, B2, C2: 734k14 d; A3, B3. C3: 7p1k21 d.

FRR=50 pm.

A1~A3: low glucose group; B1~B3: high glucose group; C1~C3: spontaneous differentiation group (control group). A1,B1,C1: 7 days after
differentiation; A2,B2,C2: 14 days after differentiation; A3,B3,C3: 21 days after differentiation. Scale bar=50 pm.
Es SEEEKFISE/ N RIPSAE R E 21t

Fig.5 The effect of high glucose level on mouse iPS cells osteogenic differentiation
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22 Image-JER D TR RELLEEMIA(%)

Table 2 Image-J software analysis of the percentage of alizarin red positive cells (%)

I3 TR 14K 21K

Group 7d 14d 21d
Low-glucose-level 4.33+1.53" 25.33£2.31°¢ 69+8°
High-glucose-level 1.67+2.08"™ 9.33+4.51° 33.67+11.72°
Control 0 1.67+£1.53* 1£1°

[ FNEAR FARAS & A7 AH R 7 R R 7R 22 53 .35 (P<0.05) . mean+S.D., n=4.

The value in the same column with different superscripts represented a significant difference (P<0.05). mean+S.D., n=4.

30 1
O Control

B High-glucose-level

B Low-glucose-level

Relative mRNA expression

Osteocalcin Runx2

P<0.05, 5CPEA LA

P<0.05 vs low-glucose-level group.
E6 B 7 UEENImRNARIAKFEREN
Fig.6 The mRNA level of osteogenic gene
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B, ERER, HESHET d, BMPAALEL ) EbE L
I T 2 S S, IR A = 2 A IR R

BEAL(ETAL. E7B1. E7C1. ETD1); HiESEH14 d
FI21 d, f=rkE 2L FIBMPAAL 3 1) w5 b 2H 25 B 2 1) 45
DURL, HBMPAAIE 1) v il 4L IR 5 45 T B 2 T b
A (EITA2~EITA3. K7B2~E7B3); 7584 37 111,
H R A2 35 A DL R A U RR, HBMPAPIMA X 3
P B AL gL 2 I s (B 7C2~E7C3 . ETD2~
KI7D3). S Image-JR {4 53 B it 28 20 4L (AR, 25
FUNR3FR, BMPAKL R 1) = B 4L AE 55 14, 21d 1 96
B O T AR 3 T iR 4.(P<0.05), Hoiin
PalaRAYS) =R pA
BIEF21 dJa, FATEI T Bl B Rk K

Vo g5 TR, BMP44L PRI ¥ Osteocalcin ') mRNA
RiL B L E ST EH4L(P<0.05), 1Mt AN E &
A ) FZEBMPALE B ¥ %] FEZH A1, Runx2H1 Osteo-
calcinfFRIK 7K1 J0 03 1 22 7 (K18)

ik gE R R ], BMPAT] DR v B 9 A
TN/ BRAPSAH L RRCE R0, T R ) A R
W T B R HEAE

3 TWig

RAGE 4 —E A e, (B2 i &
VISR R e L UE B I TRk . 40— 5 i i i
O R0 5 40 5 1 SRR, 5 — T AT LA R
AT MRS . T 40 A R e G A B

3 Image-JRH DRI L EETI(%)

Table 3 Image-J software analysis of the percentage of alizarin red positive cells (%)

oyl TR 14K 21K
Group 7d 14d 21d
High-glucose-level+BMP4 6+3.61° 37.33+8.74¢ 64+7.94¢
High-glucose-level 2.33+0.58° 17.67+4.04° 32+7°
Control+BMP4 1.33+0.58% 1+1.73* 1.67+0.58°
Control 0.33+0.58" 1+1* 1+1.73%

R Z B AN A A R 7 B 2 R 22 5 B3 (P<0.05). mean+S.D., n=4,

The value in the same column with different superscripts represent a significant difference (£<0.05). mean+S.D., n=4.
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A1~A3: S FE4l+BMP4; B1~B3: 4L, C1~C3: X BZ+BMP4; D1~D3: %E41. A1.B1.Cl1.DI: 44£7 d; A2.B2.C2.D2: 4r1k14 d;
A3, B3. C3. D3: /1k21 do #£/R=50 um,

A1~A3: high glucose+BMP4 group; B1~B3: high glucose group; C1~C3: control+BMP4 group; D1~D3: control group. A1,B1,C1,D1: 7
days after differentiation; A2,B2,C2,D2: 14 days after differentiation; A3,B3,C3,D3: 21 days after differentiation. Scale bar=50 um.
[El7 BMP432r 7 /NERIPSHBRIEI A B 3R
Fig.7 The effect of BMP4 on mouse iPS cells osteogenic differentiation

O Control

Control+BMP4
B High-group-level
1m High-group-level+BMP4

Relative mRNA expression
N

0

Osteocalcin Runx2
P<0.05, 5
P<0.05 vs high-glucose-level group.
El8 &5 EEAImRNARIEK &N

Fig.8 The mRNA level of osteogenic gene
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TEZI R E A

PSR I 4 8 BLFR B2 IR, a0 2 REVESE R 1)
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Hh, iPSZH A P Y5 22 B S DR S o L E R A I
EEARAR, JE A %k 5 DLESYN M (4% = AR B NS
PO, R 5286 K FIRT-PCRYZ, K501 7 /)N BLiPS4H Y
W YR FE K Oct4. Sox2. Nanog. c-Myc. Fgf4f) 3%
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