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Molecular mechanism of sulforaphane promoting the differentiation of bone marrow stem cells into osteoblasts
ZHANG Zheng'*, HAN Jia-wen’, PENG Long-long', NIE Tao', ZOU San-ming', ZHANG Yu-bo'
Joint and Sports Medicine, Xiaogan Hospital Affiliated to Wuhan University of Science and Technology, Xiaogan Hubei 432100, China;
2.School of Medicine , Wuhan University of Science and Technology , Wuhan Hubei 430065, China)

(1. Department of Bone

Abstract: Objective To investigate the molecular mechanism of sulforaphane (Sul) promoting bone marrow stem cells (BMSCs)
differentiating into osteoblasts. Methods BMSCs were divided into the control group (without any treatment) , induction group (induction of
osteogenic differentiation) , and induction+Sul group (induction of osteogenic differentiation with the addition of 40 pwmol/L of Sul). The
adenovirus-shRNA-Mock, -shRNA-TET1, -shRNA-TET2, and -shRNA-TET3 were transfected into BMSCs as the shRNA-Mock group,
shRNA-TET1 group, shRNA-TET2 group, and shRNA-TET3 group. BMSCs were cultured in cell culture medium containing osteogenic
differentiation induction medium and 40 pmol/L of Sul, and then transfected with adenovirus-shRNA-TET1, -shRNA-TET2, -shRNA-TET3,
and -shRNA-Mock as the induction+Sul+shRNA-TET1 group, induction+Sul+shRNA-TET2 group, induction+Sul+shRNA-TET3 group, and
induction +Sul+shRNA-Mock group. The mRNA and protein expression levels of Runx2 after BMSCs differentiated into osteoblasts were
determined by qPCR and Western blot. The DNA content of Runx2 promoter region bound to Histone H3 after BMSCs differentiated into
osteoblasts was determined by chromatin immunocoprecipitation (ChIP). The methylation level of Runx2 promoter region of BMSCs
differentiated into osteoblasts was determined by Hpa Il enzyme and Msp I enzyme digestion combined with qPCR. The degree of BMSCs
differentiated into osteoblasts was determined by alizarin red staining. Results Compared with the induction group, the mRNA and protein
expression levels of Runx2 in the induction+Sul group were significantly increased (P<0.05) ; the content of DNA in the Runx2 promoter
region bound to Histone H3 was increased (P<0.05) , the methylation level of Runx2 promoter region was reduced (P<0.05) , and the
alizarin red staining score was elevated (P<0.05). Compared with the induction+Sul group, the content of DNA in the Runx2 promoter
region bound to Histone H3 in the induction+Sul+shRNA-TET1 group was decreased (P<0.05) , the methylation level of Runx2 promoter
region was increased (P<0.05) , and the alizarin red staining score was decreased (P<0.05). While there was no significant change among
the induction+Sul+shRNA-TET2 group, induction+Sul+shRNA-TET3 group, induction+Sul+shRNA-Mock group (P>0.05). Conclusion
Sul can promote the differentiation of BMSCs into osteoblasts through promoting DNA demethylation of Runx2 promoter region by TET1.

Keywords: bone marrow stem cells; osteoblasts differentiation; sulforaphane; Runx2; epigenetics; DNA methylation
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IR0 AR B AN RE AR O R AEY, Bk T
Runx2 7 8] 55 57 140 i A 180 3 2 v ARROHE 532 0l G 1) ey
AL 7 Y BFFE R, Runx2 T 7E 4 (4 T 45 1)
FNZRIE A8 32 F W35 1 2 A5,

DNA FH A 25 FYBE Al J2 o 1Y) 8 WL 3t 4% 27 4
AL Z — o H CpG i DNA FRE AL 2o 4 S0
i) ik PR S5 8 2 1 Do P S e 0 o e R A B
fid o s 1 15 DNA B 45 G ok 35 SR By ik . i
DNA F L Jf % mg XU 40 W 1 (tet methyleytosine
dioxygenase 1, TET1) Al iR 35 CpG & 45 &, )i 3l
DNA £ WAL 7, DT 2455 i R 40 TP B AR AR A, 52
PR M5 1 27 i) B A P 2

R R, A2 35 N (sulforaphane, Sul)
FIAETT R 55 2 Fh KKK & W) RE 0% 0035 B B (e 45
A0, B O WUk I RE 38 0 B 20 B AR R R, R
& Sul™ SR, 2T Sul BB CRIAEHIALE M A TEAE
ARAIF 5T AP0 3 AR A S B HR T Sul 412 1 B R) 7 540
M2 (bone marrow stem cells, BMSCs) [1] 3B 434k 2 75 18

o T E A% 2 PR P AL S8 B, DU AT i Sul 19 53
TR

1 #M#ERZE

1.1 =M

BMSCs Wy F s 5T AE M AR AR A . A
2B B A & A 8 H 2 (bone morphogenetic protein 2,
BMP2; it 5 : 023)5430) 14 [ 3% [E Sigma Aldrich A ] .
Protein A/G-agarose beads (41t : YD360327) | H JEAb
JRE BRIV 9 DI Hpa 11 (4145 : 2642215) 1 &AL AR
TEURRBR il 14 N DD il Msp T g (FE5 :2658767) 11 [ 3 5
Thermo Fisher A Fl o APt/ Runx2 (#H5:236639) |
GAPDH (It %5 : 824500) \TET1 (L5 : 191698) . TET2
(#it %5 :213369) \TET3 (#t 5 : 231785) . 1gG (#iL 5 :
172730) B3¢ , G /) Bl Histone H3 Z 31 (it 5 .
179101) 4 { 3& E Abcam 23 Al . HRP Fric L E 414
IgG 4t (5 : YH00010456) Wy [ ¥ #F 71 4= 4 .
Bioruptor 7K {38 7 {4 H 52 [F Diagenode 23 7] o
1.2 %ok
1.2.1 i/ BMSCs [ B etk FS
20« ) 6 FLAR R LI 0. 1% JCHE WG 1 mL, 56 T
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30 min, SRJE FEHIE , LA Sx10° /4L E:# BMSCs, 1%
FE BN ML A BN 60%~70% B, FF 4515 S 1) BB 43
fbo HAT 300 ng/mL BMP2 1) 5¢ 4 DMEM 5 557,
2 i IR, PSSR LA R o Al M 2R AT T Ui
e 8 it A 9% 2L VT 3E (chromatin immunoprecipitation,
ChIP ) S 56 711 FF 56 Ak S0 B 1 1A 170 T A DG 3 s ) U
s AR UM B2 05 97 2 A R AT R e o . qPCR .
Western blot S5

1.2.2 o b7 XTHE4L : BMSCs A~
MATART AL 3 A i R 1% 57 5 15 41 - 15 5 BMSCs 1
ok SRR IR 1R S +Sul 4 BUH A S 1%
FEW A 40 wmol/L Sul, ¥E 2255 3% 1 87, shRNA-
Mock 41 . shRNA-TET1 4 . shRNA-TET2 41 . shRNA-
TET3 41 : 43 5] 7] BMSCs %% 4 i 5 7 -shRNA-Mock |
-shRNA-TET1 , -shRNA-TET2 ., -shRNA-TET3, fifi F A%
5 2 %% /K pADV-U6-shRNA-CMV-EGFP 17 # 4t .
shRNA-Mock (5'-3") : GACAGAGCATATGAGATACTA ;
shRNA-TET1 (5'-3"): TTTCCTACTCTGTAGCTATGT;
shRNA-TET2(5'-3") : GGAAAAAGCACTCTGAATGGT;
shRNA-TET3(5'-3") : GGGCCGTGGGGACAAGGAGCG.,
B L A8 h 5, e IR A A ZE SR A M R A7 b B B
TP FUHSHEIIMAE . 155 +Sul+shRNA-TET1 41 5 5+
Sul+shRNA-TET2 41 . 5 +Sul+shRNA-TET3 41 . i/ 5+
Sul+shRNA-Mock 41 : BMSCs F & B & 43 4k i 5 45
FRUL+40 wmol/L Sul B AHMIRE FR W H B 7, 70 0l 5% L i
#%5 % -shRNA-TETI, -shRNA-TET2, -shRNA-TET3,
-shRNA-Mock, #EZER: 57 1 JH .

1.2.3 qPCR ] 6 fL A & L 4 B i A 1 mL
TRIzol %4 fift W %4 it 40 M o {87 1] RNA Easy Fast 35 %)
ZHZU/AH A S RNA $2 U0 & 4R U RNA . fii ] Fast-
King cDNA 55 —&5 & sl ) & (22 3L R4 R4 7 s e 5
4 18 cDNA . fii Ji] Fast Fire PR332 6 2 fiF PCR TR IR
F(SYBRGreen) #E4T qPCR Y14 . qPCR4FSZMES 40
Runx2 F-Primer(5'-3") 5§ CGCCTCACAAACAACCACAG,
Runx2 R-Primer(5'-3")JTCACTGTGCTGAAGAGGCTG;
GAPDH F-Primer(5'-3") 4 CCTGCGGTAGAGCGGCCG,
GAPDH R-Primer (53" ) ;) CTCCACCCATCGAGGCAGGA
qPCR Y"1 4544 :95 °C 10 min, 95 “C 30 5,60 °C 30 s, 7
IR0 o SR FH 2740 el 5 PR R A 7R X 7

1.2.4 Western blot ) 6 LA A FL 40 i v im A&
A 2E B R A9 00 RIPA 24 2 an i . R
FH BCA #5119 B2 0 150 S D0 e B R BE . A
FEAHL 10 pg EAT SDS-PAGE BEBEHLIK . K2 T4%
EN% (4 °C, 100 mA fH L, 4% B0 2 h) W BE IR v (9 28 1 5%
ENZ PVDF I [ &4 5% BSA 1Y TBS-T 2% ik,

FEZE IR R B PVDF B 1 he [ BB 0 — bt TR,
FE4 CTFHEHSRILFEMWE LR . WH, L
THU AR AEE R ML S ARIEEEE 1 he Runx2
PodAk (1:1 500 % B) \TET1 444 (1:2 000 Fi Bé) \TET2
oAk (1:1 000 7 B ) L TET3 Hi 4& (1: 1 000 i B ) .
GAPDH HTi& (1:1 500 i #% ) \HRP A5 ic Ll SE- 4T % [eG
ZPHr(1:6 000 B ) o SRJE N ECLALZE KGR,
XFH BT R o [ Image J v1. 8. 03K/ #r
I 55 KA
1.2.5 ChIP35w Y= | IR R 1% W
M 1Y) PBS % 7 10 min #E 472 HE N o SR J5 JImA 10x
HZ R (1. 25 mol/L) Ze 0k . 3CHK G 41 i T8+
5 AR 1 240 b 2R A 0 b, O 4 L3S Ak
AhFR . WA AR ECY) , LA 3 000 v/min 250> 5 min, T
FULE T 500 WL 75 22 it , 76 Bioruptor 7K ¥ #E
A0 H T R F HE R AR FE 5 minx3 YK, 345 200~500 bp
DNA B, T4 °CLL12 500 t/min &5.0> 15 min, Y&
THR, SR (A T L)

BRETTLTE ( immunoprecipitation,, IP) . e 25 wg ZHR
Ye o FRARBCY) L, A 2 pg IgG F1 50 wL Protein A/
G-agarose beads, T4 CHFIHE 1 ho X5 4 000 r/min
B0 S min, WA YL@, I _EERT 4 CH RPN
5 Histone H3 F 57 M HT AR 5% 1gG (Tsotype control) i &
R, N RPETIE L G W . FJS , % I Protein A/
G-agarose beads, Jf T4 ‘CIEF 1 h IR IR R BEUITER
B SRIEIMAVERZE Wik, T 65 CIFE 15 min, LA
12 500 r/min 50> 5 min, W L3 KRR B - 05
4N S BEDTVE , WA i [0S DNA . 3 i qPCR
AH X A8 F 8 VT BE 19 Runx2 i 3 F X (~118~+59, 1
BLR/N 178 bp) DNA B KV, I35 “ i AL b 315 1)
EAENET . M B R UTTE Y AL P DNA ZKSP
J7 1 LA IP TR B i A fe) S B0k e €0 S0 S B 1) 25 AR
4B (25 pg) (Input) #E47H 40t (%) 115 FniEfl
AR P A B A B TR 1 - AR AT o] S 6 b B 4 Yo
HECZH 20 i ChIP 5256 3R 45 1Y DNA R 2t 55040 X 52 56 41
DNA & & £ 4 A7 bR AL AL #E . Runx2 J3 3 7 X
qPCR %5 5 1 51 #) ¥ %1 : Runx2-F Primer (5'-3") 4
CCAGCTCATTATTGTAGTATT, Runx2-R Primer (5’ -3’)
4 GCTACGAATCTCTAATCTTAA .
1.2.6  H LAk OB RR il 4 9 DD 53 BT Runx2 )3 8h 7
XA AR RS A L 41 DNA .
T B LA DNA 43 182 0y, 503 5 g, 4390 WAL 20 U
() Hpa Il B 5 Msp I i, 76 37 “CEIE K% TIE L 2 he
THALEE R , B MREACE 200 ng DNA , XF Runx2 i3 31 1
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X AT qPCR 93 o 28 19 35 N5 W5 458 i L vk, A
qPCR "3 5 1) Fr B R/ NI
1.2.7 PERLGE (4% ZRPEET 4 CHlE
AR5 52 30 min 5, o] 40 MOAE S POIIAC 0. 2% PE &R
LY, IG5 min, PBSYEMR 2K, KBRZ ARG
R, G WA T B AR 8] Image Pro Plus
6. 0 FCPF X 25 2H HEAT 40 v SR 2 G 20D R R A0 0
BT, AR E 1
1.3 %itgrik

fdi 1 GraphPad Prism v8 #AAFHEA TG0 112443 B Al il
Ko i B0 DA B i 25 (s ) R, 2 4 TH) 25 57
I3 MR o K 5 22 2 I) 22 S 40 MR FH R R 3R 5 22 43
B, 2 41 0 W P LE 38 R A 35 )5 Bonferroni ¥ 5 .
P<0. 05 4225+ BA G5 Lo

2 HR

2.1 Sul £ BMSCs M s B 20 e o 4L % 4k 45 X A 1
Runx2 # % ik
qPCR Fl Western blot Z5 5 87~ , 5% AL A EL , 175
F2H Runx2 mRNA FlEE FHRIA KU _EFH(P<0. 05) 5
5% SN, 5 T +Sul 4] Runx2 mRNA FIE [ %1k
KA S B FH(P<0.05), LEE 1,

2.2 BMSCs @) & B @ e 54 Jg Runx2 & 3 T X & F
F ALK

ChIP B 45 5 R L LG ik, irfi 4341 T
P71 Runx2 DNA 5 7E Input i 5 DNA I 7 A
ST ZERILG T FEE X (P>0.05) ; 1 ff T Histone
H3 PR, 515 F AL, 53 +Sul 20 ERTE AR U] BT
5 (P<0.05), WK 2a. % Hpa ll B§H AL , 5% S 4H
L 1755 +Sul 4 Runx2 i 3 F X DNA 7 B 5 A%
(P<0.05) ; Z&Msp | BEHCE %R 1541 RE S+ Sul
2 Runx2 J3 37 X DNA #1852 444k, WL 2b.
2.3 Suli@ it TET! L8 Runx2 DNA & ¥ 4t

Western blot 45 8 ./~ , 5 shRNA-Mock ZH AH b ,
shRNA-TET 41 TET1  TET2 Fll TET3 2K [1 3 34 /K - &A%
(P<0.05) , UL [Kl 3a. ChIP 525 &5 5 8w, fd it
Histone H3 U172 ILPiiE fm , SXFIRALA L L 175
S+Sul 4 FHLA Runx2 DNA & HH7E Input H T (5 A X
5 B R TR (P<0. 05) 5 5175 5 +Sul 41AH B, (05
S +Sul+shRNA-TET1 41 38 48 45 B B B AKX (P<0. 05) ,
LI 3b. 2 Hpa Il fi§ LS , 50 BALAH L, 375 F-+Sul
2 Runx2 Jii 8l 7 X DNA & & FF K (P<0.05) 5 5%
T +Sul ZHAH H , 35§ +Sul+shRNA-TET1 20 |- iR $5 45 T+
=5 (P<0.05) ;2 Msp 1 BEIHALIS , T 2340 Runx2 )i 3
FIX DNA ¥ 56 414k, UL 3e d.

% 4 e & X3 ~
3 & & o 2] 2
£ = ST iﬁ o 2
= 2 Runx2 s G SN =
< 10 1
Z
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& &

a:qPCR;b: Western blot

*:P<0.05
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23
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S 2
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IR S Suldd
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a: ChIP 52 36 547 BMSCs %1 & B 41l 54 J& 5 1gG 3 Histone H3 25 449 Runx2 DNA A% % AL ;b: Hpa Il 4= Msp 1 8 547 4 1
*.

Runx2 B3 F R &) FAAKRSE  *:P<0.05

E 2 BMSCs @K BEHED LS Runx2 B F X BENKFE
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2.4 ZUKTETI éfr'%l Sul 42 i3 BMSCs ) a%. ‘B 28 At 1%
RO R LR, 5SFEFAHMEL, 55 +Sul
HPE R Y @Tﬁ%EL%(RO 05); 515 F+Sul 41
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a: Western blot # ] &0 TET1 . TET2 #= TET3 %& & 4 i% /K -F ; b: ChIP 5 3 %47 BMSCs
& %A ;c.d:Hpa Il #Ae Msp [ BEo- #7408 JEF Runx2 B 3T R 69 WALk &

Runx2 DNA 4

mm shRNA-Mock#| == shRNA-TET4]

TET3 ®@

I, 5 S +Sul+shRNA-TET1 20 #5 2 21 4L (6 3743 B i
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E 0.5+ = 55 S+ Sul+shRNA-Mock#H
E 0.0
Hpa II it} Msp [ i @
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*. P<0.05
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3 itig
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1% K 7 E2-A1 ¢ A -F- 2 (nuclear factor erythroid 2-related
factor 2, Nrf2 ) 2 — i b7 S0 A W 30T Bl it 10 O B e
KT HHFERR, Sul BEIE S FE Nief2, L IH— R3]
20 6 O A B DR ) 2 38, X 2 200 o T, BEL T 4 )
R AE A B, KA U AR Y. ASHIFTE K B, Sul L34
BMSCs P4 J5 - 20 B 53 Ak G 5 e S PRl F Runx2 i 3R 35
Runx2 J& & ORS00 7340 FIT A0 75 )R e P 2 5%

A, i 3 B P2 hedgehog FE [K 7= ¥ | i £F 4 41 g
A R Wint S5 538 R AR 1 o5 HEL 400 A P 3 7
JFAF5 T 5 ) B A L R AR, FE BMSCs [ Jil i 4
a5kt F2 P, Runx2 HY ﬁtﬂcﬁ%&ﬁ ol i A B 5
25 R, BMSCs 0] 0B 40 ML 5346 5 Runx2 )5 8+ IX
ALK T, Sul WBE5E 1k —ob #E . X Uil T
Sul {2 i#F BMSCs [n] 5B 240 L 114 534k o

DNA H 56 Ak 2 i 2 (1 F s L 2= PR AL 2 —
FEVH IR R Pl 35 CBEE R . DNA H A 2
PRI 36 1 B ) i 1) — B AT st A% A8 4k, N2 DNA JF 41 .
CpG & DNA H AL T il 56 9 2838 . DNA L
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TRPV4 il o] R AR B 98 A5 780 K RO JEPE 21, TET
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FE IR T 4t A 2 R A 92 X AR KRR A FINE
H LR R R PR T REN, R, TET1 X F T 40
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1) 2% F A K SF- id o TETT SEE .

BEAE 5 T Sul 1Y 2R W 35 4% 22 IR 45 5 P Y 01 5E ,
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() B Ryl

ARG A UL T Sul BEASE 15 TET1 {2 #F Runx2
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PR SRR A AR IR A
Sul 43 FH MR L BEPH 5 TET1 4547 3B 2T —
A B A S T R 5 A 4T
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