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The Effect and Mechanism of Iron Overload in Wnt Signaling-Induced
Osteoblast Differentiation of ST2 Cells

LUO Cen, WU Yixun, LIU Xinyu, TU Xiaolin*
(Institute of Life Science, Chongqing Medical University, Chongqing 400016, China)

Abstract The aim of this study was to investigate the effect of iron overload on osteoblast differentiation
of mouse bone marrow stromal cells (ST2) mediated by Wnt signaling and its possible mechanism. FAC (ferric
ammonium citrate) was used to mimic the iron overload microenvironment. The expression and activity of alkaline
phosphatase were detected to evaluate osteoblast differentiation level. The mRNA expression of osteoblast marker
genes Alp, Runx2, Osx, Coll and Wnt target genes Smad6, CyclinDI, Lefl, BMP4 were detected by qRT-PCR.
Nuclear localization of B-catenin in the cells was detected by immunofluorescence. These results showed that iron
overload dose-dependently inhibited Wnt signaling-induced osteoblast differentiation of ST2, and significantly re-
duced the expression of Wnt signaling-induced osteoblast marker genes and Wnt target genes (P<0.05). Besides,
iron overload inhibited Wnt signaling-induced -catenin entry into the nucleus. In conclusion, iron overload inhibits
the osteoblast differentiation of ST2 induced by Wnt signaling via inhibiting the entry of B-catenin into the nucleus.
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RIL, GARUR 5 B iA 2 UIAH G, SRR KAl
HNRREY. InRBFFER Y, SRIIR AR, Hh
WML SRR O RDIUE RS, ML E R
Ja B UL PYEE 22 I8 MR AR B i A i ol 5544
HEMFG. BB S . A, FTEAR RIS
B St e SEE B NERE, XERELTE
I BB A FHM S, gpt iR, St sakss
A St A 1) R D 7 0T L) e T R, T AN S R
B R R 7 73 A 0 5 7 25 Bk (deferoxamine,
DFO)YWK & T Bl 4w B2 ¥ (alkaline phosphatase, ALP)i%
PEFNVES R 1O 6] B DFO# A N 250G Wit/B-catenin
&5 IR 1 R A DA B I A T i

Wnt/B-cateninf{i Sl B E N B KB KES
Z—, WEERE, Baia. K T AL
HEIFTERA T EENEN, JUH AR
MO Ak oAb 2 OCE 2L, T H ATk 800 el
PIASFINE 5 WntfE 5 198 R AR WAH CHGE

BRI ORI B TGS IO S (R 2R 1
(AR B BB BIALAR H R RS R E , 52
BRI T 1T Wntf5 5 AERCE i FE ke
REEPERIER 1, Rk, AR ST T 2Rid #00 Wnt
&SP 2 ST2RuE AL HIPE R AL, & e
R B 155 R )i AU e R T SRAE B B
PRIEFIETE T 17 o

1 MRI55E%
1.1 #@p8

Wnt3aZiifid . L-ctrlZi i K ST24H M e T3
2H Z185% 9% 2 (American Tissue Culture Collection,
ATCC). Wnt3aZfifii /245 H Wnt3a KB &R 4L L
YIRS B G418 I 85 3% ik v i i 15 B I R ik
Wnt3adi Ml & —F/NER R T &S a AR, TES
BT A MO RE . Wnt3aZi 4 WA A i Y
Wnt3aZK [, & H AT Wnt3aZk {155 9% 3 5 b fO 40 g ok
5, L-ctrl 40 2 /R 235 Wnt3a ) 25 4806 IR LA A .
1.2 iRKF

BCIP/NB T fff 1% 16 g 2 (2 um &y Bl 1l
FRBAS AT B iR = RAEVHEARE R A ;
CHIR99021(C91)I4 H 3 [F MedChemExpress /A & ;
o-MEM#; 736 R4 13 8 E 26 E Gibeo A A ; 7 -
R 2 R H 55 [E HyClone A ] ; TRIzol, %%
SN O E EPCRIAA W H H A TaKaRaA 7,

PCRE| W A 4 T A TARE(EHE) B B BR A 7
1.3 Wnt3atgFEML-ctriFZ g HRE

Wnt3aZil ffd Fl L-ctrl 4 i T 7% 10% FBSHJa-MEM
P LR N EL (S b e e k-
Je AN TH A 2 i R R R B 2 R R KR B I R R AR T
W B, ES AR E E A, IR AT LS
T 5 S0 58 38 1Y Wit3aks 79 5 a-MEME; 77
B FH L 5]
1.4 ZHREIEF

ST240 1 5 10% FBS. 100 U/mL#E % & Al
100 ng/mL%% % % ) a-MEMBG 77 515 7%, 24 ST240 i
B ER LN 90% N FH gl v A AL AR, B LL3.0x10%N/
FLI % BB Rh 244U, FEE T37 °C. 5% CO,1)
KT REFRS
1.5 ALP#f&

P SIS WAL B ST24H MU 3K Ji5 FH PBSTE VE21K,
4% % 2 I 5 IR 15 52 10~15 min. %X )5 FIBCIP/NBT
ool i Tl 1 s 42 £ X9 G o e BT 37 °Clibo
5% H 15~30 min @ 4, Yo il B BR 5 25 5k B AT
S HRR AR AT o
1.6 ALPELEE

P SRS ALV AE IR ST240 M 3K 5 RE LI A300 pL
ZUMRR, B BRI, 4 °C. 12 000 r/min 05 min,
U ESE OISR R, 37 °CHE A 30 min, JIAZ L
5 32 K S 7E405 nmAd (WO (DY . [RIB IRHY
FIEHUMABCA TAEW, 5E 562 nmAb IR E1E .
LL405 nm-5 562 nmAd [ ' FEAE I ELAEAE A b )
ALPAEALE &
1.7 qRT-PCR

Trizol 2 BUZH il s RNA, 3 i & # 5615 5
cDNA, cDNA X M #EAT StE# R JG , /E 8 qRT-PCR
SSLFIREAR o ARG I8 B8R 241954, LLGAPDH
IZRIEACTE bR E . BTl S 1.
1.8 fRERA

o B S0 W THR A T 24 FLAR o
BE ARG NN COTANFT KR R K #% (ferric ammonium
citrate, FAC)fEF T-ST241 /124 h. TBS¥: /G H4%
FF i [ 52 10 min, 0.25% Triton X-100i%4k30 min, 5%
BSAZ R H 30 min. F5—Hi(%Pi K i B-catenin,
F1% BSAZ1:1508%) 754 °CF I’ I
PR IEHIAE (1% BSATZ 1: 10058 ) T = i T 6k
JEAEH 30 min, 285 I/ & 20 A% 44kl DAPL. 1E
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2.1 Wnt3aiESST2HR T 5714
Whnt3ase Wntf5 5 18 B R, 3#0E 1 Watf5 5

Xof R AN LA B AR U R RATT S
T Wnt3afie ik SR 4 o A AR 4 ST240 a7
O Wnt3alf SR R AR R G R fE , R CE e
(IR &Y ALPYE P B S i T 7E L-ctrlh R 35 77 2 o
BRI ST24M P . 7 b FL At _EUscHE Wt3aZi i B3,
M52 Wnt3aZk 55 72 5 o- MEMZE Rl RS 77 3 e &
ERIEE . B ALPH A Il Wnt3aks 973 5 o-MEM
REFRILMIELIAE 1:10 120 1:4. 1:8. 1:16. 1:320
ST24H I Rk 7 ALAE R, 45 B8 Wnt3aki 77 3L 5
a-MEME; 353 (1 EL A 1: 40 L AT 53 (R A2 i 49
AR R (B, BRI, Ji5 SR SR80 A8 A E 5] oA 14/ Wnt3a

&1 5149575
Table 1 Primer sequences
E AN A5 3"
Gene name Sequences (5'—3")
GAPDH Forward: GCA CAG TCA AGG CCG AGA AT
Reverse: GCC TTC TCC ATG GTG GTG GTG AA
Alp Forward: ACA CCA ATG TAG CCA AGA ATG TCA
Reverse: GAT TCG GGC AGC GGTTAC T
Runx2 Forward: CCG TGG CCT TCAAGG TTG T
Reverse: TTC ATA ACA GCG GAG GCA
Coll Forward: GAC AGG CGA ACAAGG TGA CAG AG
Reverse: CAG GAG AAC CAG GAG AAC CAG GAG
Osx Forward: CCC TTC TCAAGC ACC ATT GG
Reverse: AAG GGT GGG TAG TCATTT GCA TA
BMP4 Forward: GAG GAG TTT CCA TCA CGA AGA
Reverse: GCT CTG CCG AGG AGA TCA
Smad6 Forward: GTT GCAACC CCT ACC ACT TC
Reverse: GGA GGA GAC AGC CGA GAATA
CyclinD1 Forward: GTG CGT GCA GAA GGA GAT TGT

Reverse: CTC ACA GAC CTC CAG CAT CCA
Lefl Forward: TGA GCG GCA GAG CAA GTC CAA
Reverse: GGC AGA CTC CAATGG GTA GCT

1:1 1:2 1:4

1:8 1:16 1:32

ALPH 4G I 28 7R [7] LU 7 () Wnt3a ks 555 15 o- MEMI% 72 3 Ab 3 K 5 ST24N ) B 7K F o
ALP staining was used to detect the osteoblast differentiation of ST2 cells treated with different proportions of Wnt3a and a-MEM mediums for three days.
Bl Wnt3aiE SST241M A& 57 1L
Fig.1 Wnt3a induces the osteoblast differentiation of ST2 cells
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Ak 5 o-MEMSS 77 5155 5 ST2.40 M 1 i 7344 o
2.2 R EFIEMRBEHIEIWnt3aiE S HIST24
alnA=0s N4

e FE 50 1004 200 pumol/Lf{) FACALH ST2
A, FACRER OB R A TR ki 2 B8 3 1 v Al
R 1 45 58k (non-transferrin-bound iron, NTBI)!',
H AT, G PR A R Bk it s N\ e e PR ML 2Rk FE
1100 pg/dLEI200 pmol/L1, AN 75 EEAG I 5 i AR
DR TR RO 2R s £ B R I B s R Iy
BRIREED, ALPYet 45 R IR, FACTHI SR M Hh
il Wnt3aifs F 1) ST250H 7314 (1 2A), 1l DFOFIE {5t
PR S ST2 IR AR 7310 (K12B), ALPIE PRI,
Wnt3aH B 704 55 3 1 L-ctel6 B, TTiififi & FAC
W FESE I Wnt3al 2 B 7/ E B (B 20). 48
MM G 77 DFO 2 bRk Ja el 7 g ik & (B
2D). ZE LRI, s B AR ] ST2RRH 7
1k, TR E5 FIDFORT LAY Fkadt 2 i/
2.3 I HAFICILFSHIST2HAALE 571t

NT 2B IR B WS S IRE A, &
FH Wnt{5 5380 2% /8 43 P30S 77 €91, F gk 35 1 4 il

GSK-3a/B MM e BE B-catenin NAZ , BE 1T G Wntf5
So FAARFWKERICILO. 5. 10, 20 pmol/L)AifF
FIF ST240 B AE Xt B4, FAC(100 pmol/L)+C91(0+
5. 10+ 20 pmol/L)[FEI IIAAE A SEER2H, WELFACKT
COliE S RCH /ML IEE I . ALPY 8 2 AR AL e Sk
D7, SEB6 AR Bk 0 0 3 H ] CO145 18 ST2 il
S (EIBAREIB), 1X 3 Bk 28 Rl it 4 CO1455
SST2HEE /3. LA RS R RN, Bt s
Wntf5 5 I8 8 .
24 SKIHAFWntESESFHIST2H MK & &
ESESP

I DMSO. Wnt3a. Wnt3a+FAC(100 pmol/L)
J C91(5 pmol/L). C91(5 pmol/L)+FAC(100 pmol/L)
AL TR ST2, SR 5 FI ] qQRT-PCRAG I 1 70 Ak b ik 3
K Alp. Runx2. Osx. Coll )R iERKIN . 45RER,
Wnit3a+FAC(100 pmol/L)AbHEZH ) a7 AL JE K] Alp
Runx2, Osx. Coll[] mRNAK & LT Wnt3aZd
(P<0.05), [A#f, C91(5 pmol/L)+FAC(100 umol/L)AbFE
HIP S E IR Alp. Runx2. Osx. Coll ) mRNA
KPR EK T C91(5 pmol/L)4H (P<0.05), X ik B kit

% (8)
Wnt3a
Lotrl) (AT & ) o)
i \\J .\\./ \_/
Control T ‘
n i :
/ iv\\ ,/ b /) \ N
\\ / N\ 7 S \ 7 *\“
/pmol Lt | = @ ANE D Vi
Lo A AWAD)
0 50 100 200
©
0—‘7:\ 3 L-ctrl ) E‘
g2010 B Wnida i
2 =
2 B WnGaFAC 53
85 23
2 £0.05 ¥
[Og=] S £
Sz 52
23 0 :%%
<3 g
¢ - = 50 100 200
FAC /pmol-L!

D)
3 L-ctrl
0.12 Wnt3a
Il Wnt3a+FAC (100 pmol/L)
0.06 # Wnit3a+DFO+FAC (100 umol/L)
0 §

- - - 5 10 50
DFO /pmol-L™!

A: ALPHL (AT JIFACKT Wnt3aif 3 (FIST241 A B 23 AL IR, L-ctrt DA Wnt3aff B0 . B: ALPHL (R I DFOR BFACK Wnt3aif S ST2/ 1
IALAIEIER . C. D: ALPAALE EAN . *P<0.05, 5 Wnt3aZHAH LL; “P<0.05, 5 Wnt3a+FAC(100 pmol/L)ZHAR L . “~"FRRE IHAL P,
A: ALP staining was used to detect the effect of FAC on Wnt3a-induced osteogenic differentiation of ST2 cells. L-ctr]l was the negative control of Wn-

t3a. B: ALP staining was used to detect the effect of DFO on Wnt3a-induced osteogenic differentiation of ST2 cells. C,D: quantitative detection of ALP
biological activity. *P<0.05 vs Wnt3a group; “P<0.05 vs Wnt3a+FAC (100 umol/L) group. “~” means no treatment.
E2 R EHFIERBMEHIFIWt3aiE SHIST24BERE 5714

Fig.2 Iron overload dose-dependently inhibits Wnt3a-induced osteogenic differentiation of ST2 cells
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o W & £ £ 0.003] s 7]
z = 1 o1
Control |, B2 0002 . Bl C91+FAC
gs -
= >
g = .
<5 oo
FAC
(100 umol/L) 0 _D_
' 0 5 10 20

C91 /umol-L-!

A: ALPH K IFACTNHICO 1 SHIST2 M E 404K, control AR R ECIT(0. 5+ 104 20 pmol/L)AFEST2XF HEZH, FAC(100 pmol/L)4H A [H] i

INARFEIRFECO1AL FIST2 M S8 #H . B: ALPZEAL E B4 . *P<0.05.

A: ALP staining was used to detect the inhibition of C91-induced osteogenic differentiation of ST2 cells by FAC. The control group was treated with

different concentrations of C91 (0, 5, 10, 20 umol/L), and the FAC (100 umol/L) group was the experimental group treating ST2 cells with different

concentrations of C91. B: quantitative detection of ALP biological activity. *P<0.05.
B3 SRS HEINHICIOLEEWnESESHIST24MM B 1L
Fig.3 Iron overload inhibits the osteogenic differentiation of ST2 cells induced by C91-activated Wnt signal
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0.12 0.40 *

£ £

3 2 =
z 0.06 Z 020

: :

~ ~

E = 0

Osx Coll
0.50 *
0.50 * —
g g 7
d —~ £ |
5025 g ‘
z s |
- 00
0
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QRT-PCRAGI B - AR B Al Runx2. Osx. Coll{f13¢ik/K . *P<0.05,
qRT-PCR was used to detect the expression of osteoblast genes Alp, Runx2, Osx, and Coll. *P<0.05.
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Fig.4 Iron overload inhibits the expression of ST2 cells osteoblast genes induced by Wnt signal activation

5 [F] 4 Wnt3a A1 CO 1T AWt (5 5175 S 1 S T2
B R R (E4) .
2.5 S EAIFIWtE SEERRIE
N T BAIERL Eon Wit S SRR VR, W
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43 E T ST241A, F qQRT-PCRAG Il Wnt{5 5 #13&
Smad6. CyclinD1. Lefl. BMP4R)FRIAFIN . 45
BEIR, Wnt3a+FAC(100 umol/L)AbH 4 iy Wnt{5 5 41
FE A mRNAZK 5 ZZ KT Wt3aZH (P<0.05), [AIFF
C91(5 pmol/L)+FAC(100 pmol/L)ALFEZH iy Wntf5 5 #1
FEHImRNAZKF 2 ZE KT C1(5 pmol/L)4H (P<0.05)
(EI5A), X 3% W18k Hmi] B Wnt3aMCO T T Wnt
AR RIL.
2.6 SR EHIHICI1IE S AIB-catenin N 4%
TRNER T B A Wt 5 A #0#1) ST2

R A L], B-cateniniZ 28 M Wntf5 518 % 1Y
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H ) ST24H il % 3K Y B-catenin% Y58 5 B & & T
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FIEH FACE Z M| (B 6A). [R5 B-catenin
NAZ G LB 40 i 1) 5 23 B (B 6B), 45 Rt B,
C91(5 pumol/L)+FAC(100 pmol/L)4bEE4H [B-catenin
I 2 i 2 I T C91(5 wmol/L) A FE4H (P<0.05),
X% BBk 2% 8 il 98 /> B-catenin A A% M T 4101 1
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qRT-PCRIG I Wnt(55 5§13 K Smad6. CyclinDI. Lefl. BMP41{1Fik/KT-. *P<0.05.
The expression of Wnt target genes Smad6, CyclinD1, Lef] and BMP4 were detected by qRT-PCR. *P<0.05.
Es $kidEMHIWntESHERENRIL

Fig.5 Iron overload inhibits the expression of Wnt target genes

(A)

f3-catenin

C91 (5 pmol/L)

50 pum|
=
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50 pm
o

(B)

50 1

Percentage of
B-catenin” cell /%
[N}

W

0 =
[ C91 (5 pmol/L)
ECI1 (5 umol/L)+FAC (100 pmol/L)

Ar GBI G R M B-catenin N AZ, £ 85258 JyB-catenin, i (4 5 YCDAPUNANNEAZ, FIHER R IX IR, i Sk 3R om A B-catenin. B:

B-cateninZ i FHMEAN MU 1 £ . *P<0.05.

A: immunofluorescence was used to detect the entry of B-catenin into the nucleus. The green fluorescence was B-catenin, and the blue fluorescence

DAPI was nucleus. The white box indicates the enlarged area. The white arrows represent the B-catenin entering the nucleus. B: B-catenin staining posi-

tive cell count. *P<0.05.

Ee kT HNHIB-catenin \#Z%

Fig.6 Iron overload inhibits B-catenin from entering into the nucleus
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species, ROS)ZKF-F+ &8, ROSHS LA TN A+ (T-
cell factor, TCF)/itk L A% 3 5 [A] -T-(lymphoid enhanc-
ing factor, LEF) 5 9+ 4 25 & B-cateninfs 5 JH %, M
01 Wnt/B-cateninif £5". DL _E#FFCER R B, it
BORECR AL . B R B/E AL AT RE A WntfS
SHEVIFIRKZR.

YAMASKIFI HAGIWARA " 78 T 8k & 1 %
MC3T3-E140 3458 . 43 LA AL 2 o ARATT R
B, Bk DL — A7) B A 1) 7 A IMC3 T3-E 140 i i)
&1 B8 AT RE, b Coll s AlpHIRik. X5

AHF TR R IR AL, seah, E TR, Hid
FAMH| PI3K/AKT/FOX3a/DUSP 1445 518 % 2, 4]
B S ) AR AN Ak, B3R T 5 S 4 B B
G A2 i FE W RE A 21 T WS SE N E KB T
KEFZ—, MFREBMEAELK. L. 7k
PAARE G E B, (HER B Wt 5 [ 52 R A
ARG .

AR 5T 45 B R, Wat3ar] LUSIE Watfs 5, i
SEST2UH P R 734k, TIFACTH] LT AR #4141
Wnt3aXf ST2 %8 70 A I /E o FACE A 7] DA 3%
N> T 25HCO 1 0E WitlS 55 S IS T2 B 2>
o AL AT HEAZ 1 B-catenin ) FR 1K XA -

27 B RTIR, AT FAE B FACTH] 4 b 4100 1
Wnt3af1CO1i5 T IST2 R & 43 4, F & 3 FH AL ]
BE 2 2k 1t 24T 1 Wnt/B-cateninfs 5 5 S 0E . SR,
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