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BiESE R TR B 5% BMP-2 A9 mRNA FiA 1 ALP 15 MW N, 14 d B A o (b 2575, i TG2 &k
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Knockdown of tissue transglutaminase in SaOS-2 cell line inhibits
its osteoblastic differentiation and mineralization
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[ Abstract] Objective To investigate whether TG2 plays an important role in the osteoblast differentiation and
mineralization. Methods TG2 mRNA of Sa0S-2 cells was knocked down using a lentivirus stably expressing short-hairpin
('sh) RNA targeting TG2. Then the cells were cultured in osteo-inductive medium for 14 d to measure mineralization and for
7 d to measure the levels of osteoblastic differentiation markers including ALP activity and mRNA of collagen I, osteocalcin
(OCN) and BMP-2. The wild-type Sa0S-2 cells and scrambled shRNA-transducted SaOS-2 cells served as the controls.
Results The controls displayed an increasing trend of the level of ALP activity and mRNA of collagen I, osteocalcin and
BMP-2,and notable mineralization at 14 d. When TG2 was knocked down, ALP activity, mRNA of collagen I, osteocalcin
and BMP-2 at 7d,and mineralization at 14 d were all significantly lower in comparison with the corresponding values in the
controls. Conclusion TG2 is involved in the differentiation and mineralization of osteoblasts in vitro.
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M TG2 FERE KA AN A A0 1 40 A A
PN A 2k 5 R 4 oA T TR
FEAE S B 5 H0E 4 i ) AR K R Y B Y
BT PETRRCR A MY TGs RE AR HE AT B 40 i 1
WAk, 10 TG 136 1 400 1 700 58 400 a4 P A1 9 B o 40 i
MR AR &0 b4 UL R R
ZF TG2 # H sCHR IS P I an 1 B S ( collagen
I, Col ) ZFi&EHE N - HWEMASE, BN 7E TC2 4
AR AT 8 FAACHRRNE , T BURR A A D P 8%
PEEAN AN L BRI B S AL, A AN, TG2 E—
S A DG 18 B A R R F BV, B Al A
PR A B A B A0 A I S i
T, TG2 BB 1A - 1 LA A & A6 i B A0 A A
B R TG2 HA MR iR

SR 98 22 B 55 b —Fh TG ZIG LR FXITIA £
HRECE A A Fk S 5 E ek
REFIAE S TG2 A H S ufUfs, T3k — 0 W o
TG2 # BUH A i Ak i B vh 4, A 2RAE
FERDTBREE A R 5 1w sl Bl B 4 L 3R Sa0S-2 1
TG2 mRNA BYFIE , WL A 23 X 4 B AR 1 i1 43
o=

1 RS 7%

1.1 @5k
Sa0S-2 Ziifi i David R. Eyre Z(4% ( University of
Washington Medical Center, Seattle, WA, USA) {3

5 2 10% 64 113 ( Gibeo ) 9 DMEM 5 B 1
FEW (Hyclone ) ¥i 9% T 5% CO, ,37°C K -4t v, 45 2
d TR, HEAT OB A S g 7R AN i
B EL R 80% WA RE TR T 40 Ry U 5 S SR
BeJ7 > DMEM 5 8 55 7% W h A 10% Jif 28 13
10 ~*mol/L HBZEKAS 50 ng/mL FLIRIMLAR ( Sigma) LA
J% 10 mmol/L B-H i8R EH (Sigma) .
1.2 BREEE

HEAT R0 TG2 1 shRNA BP9 5 (sc-37514-
v) T Santa Cruz 23 Al , A 52 1 & PR 2 38 1) BH P
Xof HEPE R BE (sc-108080) VE X IR, e 12 LAk 1 LA
1 x 10*/FL4%Fh Sa0S-2 4,24 h J5 4 i 25 B 3k 3]
29 50% I, FEA AL A RREE . 6 d J5,
FHE RN RN RS R e e Y R A . e
10 d JEHRI TG2 BsieR
1.3 #7EE RT-PCR

YALL S x 10*/ L4 FR 4% 3% F 60 mm KR,
3K T F0 E] B FH Trizol B4 B RNA L HUS pg &
RNA {fi }H] Goseript i¥i % 5% i85 & ( Promega ) #4718
RSk, SRJE IS E B RT-PCR K2l TG2 Col 1,8
452 (osteocalcin, OCN) ‘B & & 4 H-2 (bone
morphogenetic protein-2, BMP-2) i) mRNA ik, DA
B-NLBh#E M ( B-actin) YE NN Z, 51W T Primer
Premier #X{F H tH BBEBL ARG L, 5190751 K&
R AR T,

F1 FER RT-PCR 515 %
Tab.1 The details of primers in the semi-quantitative RT-PCR

N SIITEN(5 £37) B EE/C TR EL
Genes Primer sequence(5’t03”) Annealing temperature Cycle number
TG2 F: GGGGTGAGAGAGGAAAGACC 53 3
R: TGCAGTCTAGGGAGCTGGAT
BMP-2 F. GGAAGAACTACCAGAAACGA
R: CATTCTGATTCACCAACCTG 58 3
Col 1 F: CCCAGCCACCTCAAGAGAAG 60 3
R: TCCTTGGGGTTCTTGCTGAT
OCN F: GGCAGCGAGGTAGTGAAGAG o 3
R: CTGGAGAGGAGCAGAACTGG
B-actin F: AGCGAGCATCCCCCAAAGTT 59 »8

R: GGGCACGAAGGCTCATCATT

1.4 FEHBREE

ML S x 10*/MLEEFH ;32T 60 mm K5 3R,
FI) A 750 0sF 1) 6 FH RIPA 282 1% 0 42 B0 200 i i 7
F,BCA 1200 7 8 vk B2, il 2 FH T 28 1 B 3 A
PE A, B30 ng & H EAE, 78 10% SDS-
PAGE BERCHHLUK SRS 7% R A R L, T

5% 7 ML A A B 28 o b s i B P 2 b )
¥ E TG2 —Pt (Santa Cruz)4°C i, KI5 E Pt
HR30 min, TLLAMSOGH AL B AT 2600 AR
PAH Y 1 -3 - R 5 S0 1 ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) {E A NZ:, X444 Tm-
age J BAFIEAT IR BEAE 00T
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1.5 BB E AT

HALA 1 x 10*/FLEEFP T 12 FLAR, B35+ Ft
B A FH RIPA 2% i B2 BRUZ it S B 1, DA BCA &
I 5E B W, fdJH LabAssayTM ALP iR 5 £ ( Wa-
ko ) M B 1A i A9 B 5 192 8% ( alkaline phospha-
tase, ALP) %,
1.6 #{Lim

YUILL 5 x 10*/ L4 AP 15 32 F 60 mm 5 FEIIL,
SR FUA (] B 35 25 10 5% 32 %007 PBS ¥ Uk
i 4% Pk S 4°C F [ GE 20 min, B85
pH 4.2 19 1% PR LW ZE I T Y48 30 min, P2
TR S5 i 7E AR BB N IR A
1.7 HBSBREREEERT

HMILL 1 x 10 /FLEFP T 12 FLAR, B35 T i
B[] B il 1 RIPA 24 fiff i 42 HUAH M 52 1, BCA
Pl e B R BUER RE O AT e A A
it P S T LA RS I ik A T SC P A TR A Y

2@'13]

o

0.20 1

B wt

0.15 - @ shScr

0.10 1

0.05 -

(normalized to GAPDH)

TG2EAHIMFIEARE (GAPDH) O
Relative TG2 protein levels

=

]

0.00 <

AR T 12 FUHR, 2 B #EH TG2 shRNA Hl scrambled shRNA f1 xﬁf&% , AR
TG2 4 mRNA 335 B. 25 H BRIl A shTG2, shSer I wt Sa0S-2 H' TG2 B4R 33k, C. =LA 40Mrh TG2 B HAE BRI E

T OshTG2

1.8 HIEST

B d ] SPSS 14. 0 #E47 88320 Hr, 4 41
BARSIR M + bR RoR . dLRIERV TR
B E T 25007, LA P <0.05 KR EFAGIH %5
X,

2 #R

2.1 TG2 shRNA #i#] T Sa0S-2 40+ TG2 KR
iEF0 TG EgiE

J T fi# 5 e TG2 shRNA 1 Sa0S-2 40 fity
(shTG2) ' TG2 2 ik m i 1Y) &% %, AT LA F% e
scrambled shRNA [ Sa0S-2 4 i ( shSer ) F1 5 A= AU
Sa0S-2 i (wide-type, wt) YE A XFHE 7E mRNA &
H KR TG2 kK- LA S TG g M, 25
WA 5 wt ZHAA G, shTG2 2H TG2 ) mRNA K& 1
FIRAFH 8 AR (B 1a,1b) , AR E R
Brig s TG2 H A RIAFEANL) 85% (I 1c) , TG itk
AN T FR AL A 60% (] 1d) ,shSer 215 wt 217G
B 25 5%,

Mal
B Cgé &0 4
&y

TG2 .h N—

GAPDH -l =

D
0,08 W TG 025 g
B TG 0.5 pg
O wt
0.06 l shScr
(1 shTG2

5 S AR
0D value

0.02 4

17

& RT-PCR 40 shTG2, shScr /Fﬂ wt Sa0S-2 1
Bl gt or

W, BRI R IR T 3 IREE A S, ™ P <0.01 vs wi; D. shTG2, shScr, wi, 0.25 wg TG FRifEF M 0.5 wg TG FRifEfh B TG (E‘@Kﬁ{ﬂlﬂ,ﬁﬂ?ﬁ]

SKIRTF 6 IREZ 5L, * P <0.05 vs wi,

1 Sa0S-2 4ifitd TG2 Rl R

Note. Cells were seeded in 12-well plate and infections of TG2 shRNA lentiviral particles and scrambled shRNA lentiviral particles were performed

as described under “Methods and Materials”

. A. Semiquantitative RT-PCR analysis on TG2 mRNA expression in shTG2,shScr and wild-type( wt)

Sa0S-2 cells. B. Western blotting analysis on TG2 expression in shTG2,shScr and wt Sa0S-2 cells. C. Statistical analysis of TG2 protein expres-

sion. Data were combined from 3 duplicate experiments and reported as means +SD. ** P <0. 01 vs wt( Dunnett test). D. TG activity analysis for

shTG2, shScr, wt, 0.25 pg TG and 0.5 pg TG. Data were combined from 6 duplicate experiments and are reported as means = SD.

vs wt( Dunnett test).

“P<0.05

Fig.1 Efficiency of TG2 knocking down in Sa0S-2 cells by TG2 shRNA
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2.2 TG2 FEIME T Sa0S-2 LRARKSMNT 1k
FT IR BB IR —, T
7% TG2 7E Sa0S-2 il i {A& S 1k b B9 4E F , AT
shTG2 \shScr Al wt = ZH A MRS I35 57 T B 5 S )
KA IR, 14 d JE T PR R4y, 78 R IR R
KA NS, =AM S 3G AR 14 d R ¥R BIPE
yet, WCE A SR 14 d 5wt S shSer H B8 FH PG
1 shTG2 Y W b 855 (81 2)
il S

Control Osteo-inductive medium

wt

shTG2

shSer

v - f =

T PR LY ORI shTG2, shSer FI wi Sa08-2 7633 55 77 R 2k
SRR IR AR 14 d S EER AL, R IR B S B T T
( x100) , £LEAARBIPES (O, N =Y E 52 5230 s U R I &
(FFR =200 wm)
2 TG2 R Sa0S-2 A e 1k
Note. ShTG2,shScr and wt Sa0S-2 cells were cultured in osteo-in-
ductive medium or general medium for 14 days and the mineralization
of the cultured cells was assessed using alizarin red staining. The
bright red region represents positively stained region. All of the cul-
tures were taken photos in both general view and microscopic view
( x100), representative images from three separate experiments.
Scale bar =200 pm.
Fig.2 TG2 knockdown suppressed the mineral
deposition in Sa0S-2 cells

2.3 TG2 FURINE Sa0S-2 HA{KSM A B 24k
Col 1,0CN J ALP 5 gl 4k idt #2 , 9% Mg
SN A EEAE . AEZ AT TP AT R 0
Sa0S-2 4H M AFAK 7K 223K Col T, 0CN [ mRNA
FEA—E W ALP 36 PE, MTEH T 7 d J5iX S p s
BARK B AR T 4 R R shTG2
HAMMAER SR 7 d J5 ALP 3G B EA ST T+
i, (R AL F AR AL HE A shSer A1 wt 4 (& 3a) ,
Col 1 i1 OCN () mRNA FiABAEEFH R 7 d J5 1B
FAKT shSer Al wt 41 (1K 3b,3¢) , X FBH TG2 ik
T A, BMP2 B —FP B LTI
HZ 540 e B, 5 X0 AL A L, shTG2

HANRLAES SR MBS 4 d BF BMP-2 42 5 F& 4%, M
167 A B2 A% (18 3b,3¢) , 7] BMP-2 1 fig2 5
TG2 X i s AL W JE 5

3 Wit

Sa0S-2 #H S —Ff W2 1 FH T3 98 AN B 43
FERI RSP SEIRRITY | T AE 15 3% T BUE 75 5 5 95 VR A
ST B AL B Ak, B A Col 1,0CN  ALP i
P B B K T 18 s B B A B SR 2
HIIBF IS TR R AT & B, Sa0S-2 40 AE 15 F 15 377 d
J& , TG2 IR TG TG PEAR W 10, i H. Sa0S-2
YA BB A Ak BE 22 Bk TG T A ) 50 B
W RA/INBUAT SR I R MC3T3-E1 SRR fi 512
A58 TRMILE R HJE TG2 J& 57 sl 41k
RV A ARG, BT TG S8 i Hol il 52 L fig
R TG 15, B LLTE Sa0S-2 2 Mo Y 1t B 41k it
FEPERAIEH B TG 16 M T A2 iy HoAth ok 52 42 43t
TIHN,TG2( -/ = ) /NEIF A R 75 B % 3R
BN TG A BH AL M AT PRI A E
USSR, ISR 9 2 3 R o ok S 58 14 4 S T
RE2x ZAREE ML AR o) BT LA TG2 RBR /N 1E
WA BEE T FXIIA (TGF-B B H Al A 7
PR o R T A Y s 255 R XA
VR I8 A AW 58 ffi ] shRNA #0 TG2 1] fig
23RN TG2 FE B 1V F S Ak — 25 1R 3
DI TG2 J2 7525 Sa0S-2 41 il 1l /3 1k K o
1k, Sa0S-2 4ii i 75 {#i 1] shRNA Fidl TG2 J& , TG2
2R 1 F TR T 24 85% , TG TH HEFEAR 60% | % 3%
B TG2 R B s D) #E 37  H TG2 2 Sa0S-2 4 Jif
H TG B P A BRI,

TG2 M5 , Sa0S-2 4 M4 1k e 1 1 & BRI,
U TG2 A Hw fbh iR EEAEH, REIE TR
Sa0S-2 4iiffirf Col 1,0CN fl 335 LA J2 ALP 35 14 1Y
FhE gt TG2 Frml , LB TG2 ik iyl T
Sa0S-2 Zfi i) e B 1k o

TG HMZS 50 kA4 k F i RO 41558 4t
P I HHALH O @b T T — 2o oy, 1 B0 5
£ 5 5 I )2 U A R P A B L
FEAR AT ) T TG M 1R -1 4 8
SCHE = 0 L B B st AR R AR AR
SRS T R IR TG2 RS TG 1% M R, Col T 55
IRV AR AN L T A B Az B, BT LA TG2 W R
Wit TG WHMES S5 BCE b, SN R 3R
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A 39 B
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m- shScr
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Bl -&- ShTG2 PRSI ﬁy&“ &
°% o> N I
# 2
g co ! O OISR T
£ 11 .
3 ooy
pacin (N R ]
0 T T T 0d 44d 7d
0 4 7 (d)
c Col I OCN BMP-2
2.57 1.0- 2.0
= - wil
g £ = 2.0 0.8 . - shS_cr
338 1.5 -2 ShTG2 -
T2 T
B =T 15 0.61 1
NZ3 1.0
WESZ
g 235 1.01 0.4+
‘E 5 E » 0s ]-/ EE 3
s 22 s 0F T
573 ~ £ 0.5 0.2 T I I
= I """"""""""
0.0 Ll Ll T O-G Ll Ll T 0-0 T T T
0 4 7 (d) 0 4 7 (d) 0 4 7 ()

TE:shTG2, shSer Fll wi Sa0S-2 ZM7E MU E 5 M T I 0,47 do AL Bl VLA R A0 PEAG I , B ok IR T 6 IR A2 S8, " P < 0.05 vs
wt; B.2f5E & RT-PCR £ Col 1,OCN F1 BMP-2 [ mRNA 383k C. Col 1,0CN 1 BMP-2 (¥) mRNA 35K MK BG4 , B 21 5k IR
T3 WHELETES, " P<0.05 vswt, ™ P<0.01 vs wi,
B3 TG2 Mgl Sa0S-2 443 ik

Note. Cells were cultured in osteo-inductive medium for 0, 4 and 7 days. A. Alkaline phosphatase activity was measured as described in “Methods
and Materials”. Data were combined from 6 duplicate experiments and reported as means £ SD. ** P <0. 01 vs wt ( Dunnett test). B. Semiquanti-
tative RT-PCR analysis of BMP-2, Col I and OCN mRNA expression in the shTG2, shScr and wt cells. C. Statistical analysis of BMP-2, Col I and
OCN mRNA expression. Data were collected from 3 duplicate experiments and reported as means = SD. * P <0.05 vs wt cells ( Dunnett test) ,

P <0.01 vs wt cells ( Dunnett test).

Fig.3 TG2 knockdown suppressed the osteoblastic differentiation of Sa0S-2 cells

BH, TG2 X e JE A B i R A1 S2E A s i M L P 285 o 344
B AT AR BT X o TG2 3 i 8 1 A8 TG
25 NE A R AL T 2 BIEE

BMP-2 /& TGF-B K JiE i il b1 FF HLil i Z Fp {5
SR MAPK Wt %62 5 88 kB g E
S0 ARSI R AT & B Sa0S-2 40 i 4 Ak i A v
BMP-2 FIA MY HE INgE TG2 m vk Fr #m il , I8 4 BMP-2
BRI RS 5 T TG2 ot i 431k i 4
fil, EZ, ATHEE R BHHEAUEW T TG2 #£ Sa0S-2
) O 1) = B o e R Ve R (2 S S E RS
il T B8 AL 455 15 41 A1 3L B 2H 2 F BMP-2 3K

TG2 il FXIIA & TG Kk Rk T8 HE M
TR 2 R 20 I A BT 3 B AE /D
L MC3T3-E1 4 M550k ke 32 E/E 152 FXI-
A TR TG2, SR FR AT 7E Z Rl 19 52 56 v % 2R
TG2 HYFIAIKFAE Sa0S-2 4 M il i 20 Ak 3t 72 i

it ARSI s A & B SR TR TG2 BEHD
il Sa0S-2 21 ) Bl B M o Ak A 4k, BT LA TG2 7
Sa0S-2 4Ll B stk bl HZAE . FRATI 45

5 L IRBIEGE G 22 5 AT RS2 H T A 240 L A A ) sl o
IR RN R AR, ARFFEEHE T TG2 5 Sa0S-2 4f
AR E AL R AL Z [ i O 3R #E TG2 JE T
BRIG , Sa0S-2 4 A 1% BB 43 AL Fn - A6 EB 43 52 40, 14
W1 TG2 JE NBE ki B v it b F5 I 7, 53 4h,
TG2 F A8 4 M ) 78 75V FH AT e 5 AP 25 o 1 2
BCAT BMP-2 (18354 ¢, FATHYHF 5T IAIR TG2
FENE A Fa 4k b ) VR 3 A8 T 33— 25 i IE
o
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