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High Glucose Suppresses Osteoblastic Differentiation of MC3T3-E1 Cells
Via p38 MAPK-TXNIP/TRX-ROS Signal Pathway*
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ABSTRACT Objective: Our study focus on the role of p38 MAPK and ROS in osteoblast differentiation of
MC3T3-E1 cell under high concentration of glucose in vitro. Methods: MC3T3-E1 cells were divided into four groups: negtive control
group(NC, MC3T3-E1 cells cultured in a-MEM medium), normal glucose and calcification induced control group(NIC, MC3T3-E1 cells
cultured in calcification medium with 5.5mM glucose), high glucose group (HG, MC3T3-El cells cultured in calcification medium with
22mM glucose) and Fr167653 intervention group(Fr~, MC3T3-E1 cells cultured in calcification medium with 22mM glucose, in the pres-
ence of p38 MAPK inhibitor, Fr167653). The calcium deposition, alkaline phosphatase activity and the mRNA levels of osteoblast mark-
ers were tested to evaluate the osteoblast differentiation potency of MC3T3-E1 cells. P38 MAPK phosphorylation level and TXNIP pro-
tein expression level were detected by Western blot. Intracellular TRX activity was detected using the insulin disulfide reduction assay
method. Intracellular ROS generation level was detected by Reactive Oxygen Species Assay Kit. Results: We showed in this report that
22mM glucose suppressed the osteoblast differentiation process of MC3T3-E1 cells, as indicated by the reduced calcium deposition, ALP
activity and osteoblast markers. In the presence of Fr167653, the specific inhibitor of p38 MAPK, could significantly reverse the suppres-
sion effect of high glucose and the decrease of above-mentioned osteoblast differentiation markers. Furthermore, high glucose increased
p38 MAPK phosphorylation level. The TXNIP expression level was up-regulated and the TRX activity was decreased, which further in-
creased the intracellular ROS generation. Fr167653, which blocked the p38 MAPK phosphorylation, down-regulated the TXNIP expres-
sion, enhanced the TRX activity and reduced the ROS generation. Conclusions: These data suggest that high concentration of glucose had
a deleterious effect on osteoblast differentiation of MC3T3-E1 cells probably via p38 MAPK-TXNIP/TRX-ROS signal pathway.
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1.4 Real time PCR 3[4(3& 1)

2 1 Real time PCR 5|4
Table 1 Primers for Real time PCR

Primers Primer sequences, 5'-3'
Runx2 Forward: GCTTGATGACTCTAAACCTA
Reverse: AAAAAGGGCCCAGTTCTGAA
Osteorix Forward: GAAGAAGCTCACTATGGCTC
Reverse: GAAAAGCCAGTTGCAGACGA
ALP Forward: GCCCTCTCCAAGACATATA
Reverse: CCATGATCACGTCGATATCC
Osteocalcin Forward: CAAGTCCCACACAGCAGCTT
Reverse: AAAGCCGAGCTGCCAGAGTT
Forward: GAAGCTCCTCCCTGCTATATGGA
TXNIP Reverse: CCATGTCATCTAGCAGAGGAGTTGT
TRX Forward: TTAACGAGGCTGGAAACA
Reverse: AACGACATCGCTCATAGA
) Forward: ATATCGCTGCGCTGGTCGTC
B -actin Reverse: AGGATGGCGTGAGGGAGAGC
L5 FESR

1.5.1 S5ALBER 45 Je 4L & 10%I075 B9 o-MEM K5 320 7F
37 C .5 % CO, RyTE R E FRAf h 15 9= MC3T3-E1 jU 4l . 40
PIXTECE KT, 0.25% i M-I P A0 B9 10l 20 2 1
Gl 24 FLANMLRE AR, AHAEAE K 22 80% % BE I B 44 (L1 3 B
F:Wi (Calcificaton medium,CM)( &4 10 mM B- BE2 H i .50
mg/L 243K C LUK 10-8M HiFEKIAH) o-MEM Fi3R30) ,iC
50 K ELEESR 25 RIGZARES . AT 2~3 IR, Bl
A 2540 T AR [V 2 19 p38 MAPK il Fr167653 , 4
sy 3 2.

R 2 MRS ARIETEMSE

Table 2 Groups and culture medium

Groups

Culture medium

Negative control(NC)
Normal glucose and calcification induced control(NIC)

High glucose( HG)

Fr167653 intervention( Fr~)

5.5mM glucose + a-MEM medium
5.5mM glucose + CM

22mM glucose + CM

0.1 uM Fr167653+22mM glucose + CM
1 pM Fr167653+22mM glucose + CM
10 wM Fr167653+22mM glucose + CM
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EIEMENE WA LA SN AL AR B U O . PBS i 3

K 90% A5 2= L E 1h, 9K, PBS 7k 3 1K ;2% pEE 410
Wi (pHA.2) Y45, 15 min J5 PBS %% 3 UL E G AR etk gu @, 48
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min, /N R ERREHT 1.5 mL EP 4N, A SRR 5
P, 4 °C , 12 000 rpm 250> 10 min, ZE45 T A) WL 1A 00E Y . 3
FWERA 1mL 75% Z. 1,4 C, 12 000 rpm B.0» 5 min; FHi
1%, EP EHE TR RNA B # T 20 L DEPC 7k,
EHMPE T 260 nm BRI TE R, LS 4% IR Invitro-
gen A Al M-MLV SR Ui B R T, RIBR &R 20 pL,
1 5x RT buffer 4 wL, dNTP JE 4% 2 wL,DTT 2 pL,M-MLV
WFESERE 1 pL, FEALE I H(N) 5(1 pg/wl)1 L, & RNA 2 ug,
DEPC 7K#h5F 2 20 pL, #R5)J51RE short £5.0»,37 'C K 120
min,-20 C {#7%. Real time PCR. #%/# Takara /\ 7] SYBR®
Premix Ex Taq if7) & Ul B4 . B8, Ak 5
f RS 1 L JAsiAs, BL ] 10 WL SER 2 it PCR 434 /2 )
&%, Hi SYBR Premix Ex Taq 5 wL, 84 1 pL, | Fii#5]
Y4 0.25 uL, W3E/K 3.5 pL, 1E Bio-Rad %% Y5 it PCR X I
SERAHRL AU o FW 5 7:95.0 C WiZsH#: 3 min, 45 AMEIA
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Bro NEFH 2 2SR B THEE B 1 S5 SEAR X b i
1.5.4 #fp TRX FEIEWN  FHEE S R Zmidhe 5 ikt
RS 7 R AN TRX 1& M . RIPA 24K 2405 7 K
AN AR % T BCA VAR T i, & 100 ng 242
J b, A 40 pL SRR A (i 200 L HEPES % ,40 wL ED-
TA,40 pL NADPH F1 500 L JiE &2 Z ), A 10 pL 4
TRX i85, 37 C ,WFF 15 434 A 500 L fm 28 13 (B
A 6M £hfi%, 1 mM DTNB [ Tris-HC1 &%) , BRI 412 nm I
KT E o
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HHUEIRBECHET 1 h, WS A Odyssey £ZLAMNR R 440

JIE

157 it AESH LRSS IET 3 R EE LS
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KRBT R R, AR BRI S AR [R5 5
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BT TR, H A Fr167653 MBI K, mRNA Fk K-
Fhe g, 0 R RERE IS I BB S 125k, HaX A/
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2.3 p38 MAPK BiER{L FiAFN TXNIP FKiXfFMR

R T WS R AT MC3T3-EL 241 i 43 4k i 72 p38
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AN, FEATRREENT S5 . S5 4()FTR , (e R R 3R
i, p38 MAPK B AL RSB WY 34

WAEIA S 7T RSN, ST RBEENBSLE, &
Fr167653 %+ p38 MAPK @ FRAL Al TXNIP ik (52mi. W&l
4 (b) FiR, A Fr167653 J5 ,p38MAPK i 1k 26 1k /K 5F- Al
TXNIP F35 Bl 25 ETH= 0 R, 7E 10 WM ¥R EEH T B
ESng (i
2.4 TXNIP #1 TRX mRNA Fik{ER

WeAEAEAL R S48 7 K MC3T3-E1 41, #2H RNA, 5T &
it PCR &1l TXNIP il TRX mRNA FiE28 0150 . WK 5 pr
R, FBE4] TXNIP mRNA £is L EHIFESLAPEHE (P<
0.01), fiMA p38 MAPK i /5 , TXNIP mRNA %k /K¥ETF
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Fig.1 Alizarin Red S staining of each group after 25 days of culture
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Fig.2 Extracellular calcium deposition of each group after 25 days of

culture(#* P<0.05, ##/** P<<0.01)
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i, I MC3T3-E1 jli8 4 i 734k o

AR e SR P (14 0 AP, 5 I BB AR R
AL E AN, APFFEN B- BERR Hh HEEER C FihIE
KA K — 22 B B A A AR R, BIFEA [) I R A 2 A )
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B IEBUE , 330 p38 MAPK G AL, FEAR T B 40 A 1 2 5t i)
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Fig.3 The relative mRNA expressions of osteoblast markers(#/* P<<0.05,##/** P<0.01)
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Fig.5 The relative mRNA expression of TXNIP and TRX of each group
after 7 days of cultures(#/*P<< 0.05,##/**P<<0.01)
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