VPoo Glmo) — (o9 (s ) polke

FYY—FAA o F 5,Ll AY 5,90
Loy — oode : Ao gg

VPoo [ oX [ oF 1 2,0 fu,b

Voo [ VY2 o pudy G0 ,b

‘559}9 Oww ‘ﬁéuﬂﬁ A{m ‘Se’w’ C’-?‘)As !“’in . .’.= ﬁs.L.’.
90 &5 €l (6 lows 4 Mo b fig0 yO (Guud F youd 9

"ol e =T (G198 mlplieme = el il g pus —gsile S o]
Ol O sty heged oLRLIIS (s a5 (2355 pale BUSLIS ()5 S3aln S 550 Sstls.)
«53931 528 09,5 0 Lew] N 5 [al ey g o g iigy dagd oKL o gt ,uiS g o5 5,5 pole SaKitils olzwl. Y
S g BASLINS 0559 50 jub 0935 Letls K ] 6051 i pHghue g (K 5y pode oSN (K 5y SuSitils
Ol s qSgtio dagud (K355 pyle olS23

ouuS

e o505 e 5 M 5 358 o5mlSehnlS L oS ] (Spin oo s o o559 59 €55 ok
e 2olS 50 (59 Cellad (2B w0 it ()b |09 o0 pasiiie Glgud 4 Sl LSl 055
DAl ol oy el dia A L1 aS al aisls Al cpl 4 Lol Badod (0 Cwl Az g8 0550 (Bgye G gelSadS

Spdisn e 99 £ b @ e SlaiBse 10 Sl Eroe St 5 ($95 OselSehendS 2alS 4(HIIT)
bes b (5ol Sl Gy jliagg 015 5 0y o Frasllhae (ol p3 sl (2025 O (B, 5 ook £95 51 1ol g
JrS =Goyys (EX-T2D, N=Y ) (3550 —2obs (T2D, M=V 0) cubo 058 Sz 4 (Bolai jgbay olKale]
09,5 ;o bl a4 cobs Wl Jolye atin & b .50 eewis (CON, N=Y4) Jous 3 EX,CON N=y )
S8 Gy ugd Csyw SiSlas wo s Ve e bw Ao @ ain o and> Y gl ol el 23,5 sll cobs
2bs) ssbiteds o xedS by, 9 Real time PCR, 39, 51l RUNX2 5 olo (cyp slp i 12! lo 5
5 a3l S 0,8 b aslin 10 T2D 65,5 15 Slilsem ot onliial s & pou sloailis 5 557515 5 (plsd]
+1+0) HDL 5 (pgus! 2ol cpizman (P +/+0) LDL 5 (P< +/++1) JgymedS oy pocdS 55 5515 e
Cmizmed (P /- 0) cils (g loline zalS ]85 05,5 a1 s RUNX2 Lo 53,9 09,5 0 aisls slas 1, (P<
Solo aeiod gl . (P< 14 0) sg yeS ol 05,5 b anslin ;3 EX-T2D 65,5 1 Jo S g s 5l (65 )50
lagbys )3 S Ty SlaaFlE d5u 5 (B9 HgemlSaiandS 1l 4 e a9l (n ped ol Gla
Ceol 5L 050 (6 i Dlalllas Jl pl b ol pgo g98 obs 4 Mie

Sl 5ol
B TSI YW L OV IO L PP PRI FC PR VR WD CE S ON JPOU POWe,| RUNX2

Email:k-ebrahim@sbu.ac.ir CANNEENS 2 il 2 gl Siam g5



VFeo "_,LHM“ 5 «F 5,5kl Y 5490 “5&})3 e § ,991.9 fvy

Aodio
Ty 30 oAl (Gl comedSynle b aS Cenl oo Sdgilie pgyain (gilen (295 90 £98 ol
oot Aitue slaglil (pla )b g 0 Shes )0 STl ojo (comndS pale 095 o0 (asiie Gl gond]
Sy h S ol Sliios ol (1) sl oyt o5 oS g b coliae] doalS o
9 b walsd (g olow ool S5l S g5ke o Sl 2l ¥V (b (lilen yo (B slags Lo
Rbo e (o8 Gde 4 Cend Dgliie (g0 B (b (S plilew 50 S5 5 o e slaan S
oIl Jl 50 555459, (b (ol slagslem YL (Sigite 5 ol g5 by G g 00
winlys Mo Hlez poye duoyd Vo /Y ply i selee OVY Yo¥e Jlo b 05 co oy 5
€5 b 50l ke (S3elsily 5 (Sglio sbhaaly (6 )lem (nl Dliden s Gululy (V) o
Sz e bl (geslSeiendS (7)) Conl (B9 8 gulSibindS Sloml )0 ot [l olse 51 e
9 o239 85ly 5T sladasiin 5l Jhde (gmlSeindlS 45 358 o s Jbke g Jlowin] £95 90 @
(F) el mly cobs wile plagbon )0 Sl 5 039 (Bs,0 sloe,lgs (e

3 del slge Q.AI g g0 e uL’)*’ 5,150 olgo u’Jt.A.A.Ia]A.c fe ) Jdoas uww
Ol @8lg 0 s (6 b diad S g peandS doid (5l g wloads S5 a3leg S

$955 OplSeinndS 4z 517 0) 358yt (S)L Saled po b S, ol Sd 4 Sl (e

25 9551 OslSitnndS” Jgts (ol 5500 5 by cnl 3555 0l 0979 b e sz (slonysy
s g0t Jolge (F) ol oals aitie JolS jsboay S5 (Bgye (ol (g0, Shes uy5 ol o
adllae 002 jsbay 3l sloJlo ;5 5 Wsdige (B9 GorlSeinndS Bl )8 10 Su,25 5 ol
(el cguilannST o sl dajlig Se o T (slaJsho « Sb 2 U2 slog o Jolts Jalge cl -lonns
oealS e ) 5L ¢y pelSiniadS (V21 Y) ais LDL § ROS «ipms il 33l 5505 (WL il
llealS” alS B0 (e el s o] ol il 5 g sl RIS e
Ste (Snrod (g3 Sliniod (VF1T) 09800 S o 5 (B950 5 (b D319 5l (5 ke o B9 0
o wge beadpole L(V0) wlosls (las (B9 gmslSdnndlS 5 bainsSg nond oo o )
slajladgind (S Kb At )0 9 (Soye (B slacdl JLbgwl nj slad yo bty ned
Calid s ilen a5 Ll 5l (V9) 0950 (8958 (ymmslSiadpnndS po (S JUeb sl 551 5l oS

argi 9,90 (b Ghlem )0 (Boye (8 eSS (lsrear )y YL bl Lo o b



FYo o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

13955 O3eSebendS ys 2 93 S o BLI] (g b (R )0 akes (l 2. (VY) o
e L,eS Ll ugige GredSoiiul Gl RalS e HDL (58 ol oas ol
$loded Gl Sl 50 iwsise GalSyul o5 oas RUNX2 ;b cos (genlSatends
OA) al o il s 3l b snbapns]

5556 (ol RUNXZ ool RUNXY (Bgse (gt sl 5o s sl Jelse 51 (S0
Gobgid s b g ouds Bl aniilie (sl slo Joko jlad jo a8 cenl codlgsinl (g )lo pases
(V0 V) sl yppalSiiandS 80330y Lol Lsle (SMC) g6 Gilo dlie sla sk ;5 Saifosin
0355 Zdz DNA ol @y Gy 53 G0z 5 o oS5 Olsisar | sl ol oz llllas
2l Jole a5 0S8 oo Cgeme risml 5 Sieiiol 0F Ol e 99 8 L DNA ol JUSes
Sladiod gl Gully (V1) Sl 30 (glag o 5 (ool )3 (o AaendS 555l g pud 5 00
b @ (98 OermelSeiendS liee aldS 5 Cobis ohiga Salie pyyuin Gbasslen kull o
S8 assls las aded j0 (Vo)) oK g 9auild gl Jle (6l (YY) sl oo Ll 38l (6 o
Sl Gl e Gob 5l (Bose (o e Llle (lgieas (FGF21) YV Cwdlg b 3
Geiod 50 (TY) ogdion e (g 0)Shee PS5 (Bgje orulSinndS 2alS 4 RUNX2
500 slashe s o W dina Jlasl Jole aslg s 5 olsicds RUNX2 wis)S ol (6,500
Sfbee Sl A ) (Sl Geiod Al g 0l A Comg S pitulact la sl 4 (Bge
Olslan 50 RUNX2 _il53l oalats oty sl uls olans B9y OrsmelSisians’ 55 RUNX2
glasdlae )3 Goizen (V) 0930 ()5l joymd 4 )0 5 ) O Ol Gl o (20
Rl 150 3l Sle cudlad adls lebl plaizee ol 5l (L2 gemslSibnndS (o) 0 s sl
45 Cuwl 00l ;2o RAGE (52595 ()l 9 S100A9 5 (Al il ar (b olilew 550 5505 obaw
955 OgemlSinadS )0 RUNXZ asile Soijginl (slay o518 (il 31 (sl (sladenndS oy pone SG
YY) el

Elalllas oo s yloms 5l bl By opsmeolSiriandS Hlme Lials3l o RUNX2 a5 L s |

iy ooy lse> 5 el Slalllas ,o RUNX2 2alS 5 S pos sl oo, Sal, JLisas o lgen

1. Runt-related transcription factor 2



VFee ybiamn) F 55lasd I 5,90 ¢ b9 (s 3 poke 244

OLLE Sl aiey nl 50 Gloyd (S 9 (6Nl b9 Ol (50359 Codled i 4y gl vy oo
el g0t Sl RUNX2 15 0 8555 Codlad jids ogas j0 a8 Saloul ladon .ol az g
Mo 3,81 (gl J5e (ddeilys 9 Gloys sy Olsieas (o039 Cdlad a5 ouds ools (ylis (Jl (nl b
AVO-YY) ol oo azs )8 Lo o cobo &

OHSed 5 o «((Bgpe HorlShndS (o 1550 layeSl 5 b3y codlad )*‘L‘ a5
s o)k 31 5l a3 Gl g oy S8l 2alS y Jead 5 el Sl gy & (Y4
Loy (smgig) 51 Sejexinal ;551 5 (PPARY) LS pg5enSy y 80iS iS5 (slaosi o5 9516
ol @b 5l (S35 rped Sl Gl bl aS sy letul (S Joe ;0 RUNX) e
G9S BAo [0 die) () 10 (YA) 0l e Slgsuinl bogs Laa> 4y RUNX2 alS” g PPARY
w5 A sy erlSaiendS £505 5 o adled LU oy & (YY) o San 5 4V
S ($9,° OglSindlS £5:2 5l Gl o0 (S5 25T ) a5 Slewar Sdlad (IBIL Sls Glis
djop i izmen )5 (5, sl wiel By em B glas e 5 migsslSuls T S
%0 oS 53 (YR) 3l (Bgye (ygmalScbanlS” 015 50 (5500 DIyl Vb st b Sl pe3
B slas Lo (55T 53 By e Sl jons oS A8 Gl L (V) e 5 ol
OPG/RANK/RANKL ol S e Sl (sla poe 3l oo cals 51 (b (slo Skt
Sl e he,S o e Sjsiial ladshe 5 SiugiedS slayge s, FGF23/KI0tho 5o
ails Coenl Sl 1) (20bo il 4 SeS g Lo poe ;0 00l 7S w25 9 clin gl codled
ol 523l oy 4 4z b st 2L (e 50 Vb Sl bl il sl o3 o8 LT 51L(7)
ol (Folel Ml (slaygiSl i ity Sl Lk g og (S3lg Slain el & S
ol Gty ol 953 6ysye Wi 43 (Y VA) LKes 5 52 sl oo sloailis 5 ks
(YY) 0,5 18 4z gi 0590 b )l e gy Sz yo Wilgh oo JIalS Sl lgicdy (s a3

el goler 55 (N30l 5 (Sl lasely 5l (Bsye HglSibnlS D 7 5las a5 5l lan
O9lSdnndS 5l (65K 5 Calis Gloys jo (53559 Codled awsy e Hhaiay S,k ol g0 g4
ol @5l o o gl G (plpls el sad a3lis RUNX2 ioliél 51 ool (Bgye
09l 51 (655 gl il o (b slagbge ;0 Hgd (9l (pped LT &S el iy

Fo9 i 99 g9 Subs 4 Mo sloige ;0 (o] 70 Slo oLl S5ty 9 (Bgye



fyy o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

g 9 dlge

A=Y gy 33 Goge o B0 gy ol g el 025 O U2, 5 o0kt €93 31 1Sl gy
S5 Sy pole olSiils Malliyer oy Dllge olKtylojl 5l a8 Yo 2V - 59 2 Silo Ly (slazin
lidis, 85 > 5 0-EF Cusby 5 5L oo A s YYEV/E clos pSilo b ams 1o 5 6)he,5
Gl s T 4y Sllge aled s (6,5 SlisyS Ly i 5l pgeascn gl i 3 VYT S
G &S olslyy ot i 5 6,05 oo (oolad izl ol (pus s (90 o gasre
24,5 alxl IRSBU.REC.1400.026 | &ulis b 5 (8 (ot g S pole olEtils
S eOryed s el 05,5 oz & (Bolai jsboas olSigles] bazme by (g5Lelid] 51 ey Ul
28,5 plamil Zulis 098 0 Slilge> 4y ol W Jolpe aiian O (b wad e 78S 9 J 58S
53,8 12l ) Jees 5 p (29lS (ped atin A Lahge (1 yed (sloog S 50

ol SS9

Ao o b i Ve 5oy 805 59,0 e dy g 5 0 Lk 99 W ige glelid] Al e o lazl o
sanal® g3l L ise «silalidl 8,50 (Ll 5l (028 ol oo 3 (59, 4RSS 2 e A ey g
Jacol o 48,8 a5 j0 Lo e ae pr 3STom 50,91 oy jelateds IS ol a5 &0 S 1, S5L
ol SS9 e 9 038 0ly oo 5 (595 005 5 sl alo p el L adSs T Do @
Sy 4 A830 5 e ¥V Al ¥ o 5l ey g 0l £4,0 48 B0 Y Soe 4 aads e A Ceyu b
ST Glgieds (hge o W cp 3] a0gs ol cpl Lad> 4 08 aS Gloy b ol adlal Jws
lassl jo s al asan o auds ¥ aha A Sowe 4y 200 JSTgp Coles jo 0l a8 § 1 o Cepu

Foodr Gad b gl 5l o 5 00,5 o5 6l dikion Sty duoyd B0 -F e Sl L aido O Soe

(O Jg92) (YA) Saugs 0105 )5 (595 0955 0 Sl S s 510> w03



VFee ybiamn) F 5 lasd MY 5,90 ¢ b9 (s 3 poke FYA

9l e S ) Jgax
Sl il g o9 i slaalag EVIT Y

Colpnl daBo V[ o Sy iSTas doyo Ve Lazdo ¥ \

Sl ol aiBo V / adBo 5 o) +0ug0 Gy STas dopo Ve e L adds Y

Sl il da 8oV adBo 5 e V4 augd Sy Sl do o Ve Laado Y

Sl il da 8oV adBo 5 e ¥+ agd ey Sl do o Ve Laa s Y

Sl aado V[ aads p e F g oy iSlas sy Ve Laado ¥

Sl dado V [ aads p e O +05090 Sy iSlas dsyo Ve Laado ¥

Colpnl 4880 ) [ 4z o 5 yie £ 4090 Sy ST Gy Vee Ladds ¥

>|<|o|le|-s|1|=

Sl ol da 8o V) adBs 5 e V4 augd ey Sl ds o Ve Laado ¥

[ RYES

2 S YO 590 LSTZ &)55 e 5 220 (2106 @3,y b aiin ¥ e 4 Lo tge Zobio
b Mie 90 g9 ok (5 lows 4 p S5LS

L igo sLubl g5 a3 (L3

%9 95 Agad 5l S o g By 5l e Sl VY (g lem LI 1 lialol jslaien
ASL MmN Y? 5l i Wb e S5 mlaw .28 5 slodil oo

¢(EX'T2D, n:V) L)"’))ﬁ_""’b‘b ‘(TZD, n= V) C}‘..gl.lb oa)f LB,».L’?U (_ngoB)f o uLv‘a...?
b oyed dd> 0,3 5l sl FA (EX-CON, n=V+) 8- 5558 5 (EX, N= 0) 55,9
Bl e jobay 9 Aiged 9 Wl e (iokly 9 oeelS Sl (oS S (Slhogys By

Real time PCR

ua.?u.uo)‘u.u MMQMC‘W‘RNAM}Q.LC5M:AJRNA C‘W‘&‘]A Lg‘?‘)‘w
DNA 9 u.&.:j).l sé}“ﬁ ‘;Qyi Q}.u )‘ ul.u..o.lo‘ J}’A} 9 OMC‘)?:.M»‘ 61@ RNA uojb 9 Mblc udw.:
b TAKARA &5 5 cDNA s oS 5l soliwl b CDNA 5t b pladl o5l Joloxe 5o
S S plgrear U6 ()5 s RUNXZ 05 ()l (e o 55 S Vo (2led o2 50 9 25 J> 10
a4 baye gle el cas ol 0 syber green | X, 4 Light Cycler 96 olXiws 5l oolawl b

YY) ol s Roche oS )i lawgs o >l 0ligo7 138le 5 5l eolanwl b o3



Fva o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

S sl loxiw
S patis oS I HDL 5 LDL SolS o Jg S oy S 5 (b)) polaiens
2o )3 VY (5503100950 sy 5 5l s 5 055 koo O Sl L gl 2L 90310
2 Sk O Comslar b ey a8 65 (g S0l sl o )0) 107 (30510090 Sl pd
sobiieds aops /Y y903liyg p Skl o i g do s IPY (g03l9,0 Dl ki oy g il owd
5003 VTR Ggalins)s St cupd g 5 gwd 3o 255 e O Sl b e g lS (5 5505l
9 sdismd o S ke ) Sl b S6S (6 pSoslil (gl woys 18R (ygeslig p Sl 0
HDL (s 53l sl o0 Ve A (1903100952 Dy sy 5 00y AT (1503100950 Dl i g 5
Slyeds apd g dopd TPV 303l00950 Slyeeds o g S 50 oS ke ) Comsla

oolitiosl b oyl co s ppolie yaizman s ooliis] LDL (5,05 030l slps oy VIEO (y50509,
(S, yof il DEIAIBI7 SIS 5 Lot b SiansiShls 52y S oS 5 ELISA _alSitylesl s,
Al (5 S okl

otel Juloxisey 525 by

b 28,5 ol A s b Prism (gl 5805 51 oslil Uy ek (glmosls koo gy 525
05 Ot 5 ylime BB (s sl 05 (ateiin Bgiransb- B )S9alsS (9051 Asgas Laools (05
03251 L One way ANOVA (yg031 5l 3uios sloog )5 50 (soud & e o a3 RUNX2
ol 0 odlil s Ceni t yga5l 5l (359 Sl 9 55515 Gliee ) sskiiens 5 (S ke

A 4,8 by S P< /0 (g loline

el
0555 5> RUNX2 3 ol 55 20l & suad Jlg sl o pe a3k A ol oLid ol 3o s
o RUNX2 &l 5 pgas 4o (F317=13.08, P=+/+ F) 0l oo J 58 09,5 b avolie ;o 45559
09,5 J 555 05,5 b aalie ;5 ol (i3 (I (el g0l oy S G Ayl b ol Joe W1
09,5 ;0 RUNX2 5 o izmen (P=2/9) ol las RUNX2 clale o (g lolins iol38l <ol

O JS8) P+ 10) 04 ol (g lel Blod 4 Lol ogs 505l cobis 09,5 b awslie 40 EX-T2D



\Fee uL..m.o) F 55l AY 5590 (sW)I9 (T ) .o,.l.c fA.

2.0

J T

0.5 —|_

0.0

Runx/GAPDH -RPC

T T
Control  T2D  EX-T2D EX

30 calis 0g,5 ;0 RUNX2 Ly .cé )8 slxil Real time PCR luwgi RUNX2 Ly ) i
208 J S b lio ;3 EX g, 50 RUNXZ ()L (e .cdly (381 J 555 09,5 L s Ui
(P<o1e8) asis o135 SD % (1Sl ylgisds ywolio .09

09539 2955 5° elgeadl Gliee Gl 4 ol Jlg il (0 yod i A ol LA Sl Gl gl
09,5 30 gl ylme (P=2/F) 04 jlolins Sobel bl 4y Lol s yomie 58 09,5 b anglie 4o
O Olime uimmen (Frpe=fI0 P=+/-Y) 51 S J5sS 09,5 b amslio jo (5 loline jobas cobo
LY JSs) P=11F) 05 loline Lol oy yiiion ulid 05,5 b duslin ;0 EX-T2D 04,5 ,o
S5 Olies Rl Badod @lis (p ped 4a A 5l 9 i 50 ()9 9 S oS Dl egad 5o
09,5 30 39 Olputd fyuioren (t=F/AP=2/++ V) oo Lid T2D 09,5 b auslio ;0 EX-T2D 04,5 o

(o =Y JS8) =1/ P=+1Y) 595 ,lolas EX-T2D 04,5 g0 o L auglas jo cubys

4_
&I

w
1

T

_|

Insuline(ml/dc)

[
1

o
l

| |
Control T2D EX-T2D EX



) o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

. Pre

400~ T T = Post

Weight(g)

T
T2D EX-T2D

4007 —| M Pre ¢

T Post

w

o

o
1

200 T

Glucose(mg/dl)
=
3
1

o
1

) )
T2D EX-T2D

Al (55l S o yolS (g, b (29l (2 yod AAd A 3l g 9 e 50 3oL g (ol g g Y S
IS polie g (WI-T) blS J 38 09,5 b duslio 30 Colid 09,5 10 (g S jobay yd gl 5l 30
Oy 091 YL EX-T2D 09,5 b annnyliin 30 <oy 09,5 10 3595 Ol (il (- F) ly 381
SD £ (1Kl olgiedy prolio g5 Hlolimo (15359 Cabid g Culid 09,5 (ot (29U (o pod atid A 3l s (339
(P +[+0) i J3)l5
09,5 ;3 LDL 5 (P=+/+ +\) 5 s il ey yoautlS 55 inl33l « (P=+/+¥) HDL lje j2lS S5
09,5 33 JoylS 5 9yl (655 (e Grizme P2 Y) 0l LAS 1) S 095 4 Cend ol

(B, C, D JSE)P=+/+ 1) o5 e ols 09,8 b dulia o EX-T2D

60
R | T il
E
)
2 204
0- T T

Control T2D EX-T2D EX



VFeo QLLM} F 5l AY 5490 “5&)’)5 e § feg.l.: FAY

150
e d
S 100+ T
=)
£
5] o
8 504
0- T T
Control T2D EX-T2D EX
400- K e ot c
k)
S 300 T
£
(9]
2 2004
[
k)
>
© 100
gl |
0= T T
Control T2D EX-T2D EX
)
200 Sestest AN
2 . T
> 150
S
! - —
S 100
=
0
Q
o 50+
<
O
0= T T

Control T2D EX-T2D EX

2 HDL lime iz gloog S 33 G yioy9lS’ (9 4 (o) Epo polio (25 F S50
9 (&) 9 yuedlS (5 55 () LDL (500 (i) cdly Gbls’ J 58 09,5 b dumlio 50 <oy 09,8
Ol rarod o oadlise 505 09,5 41 S Calid 09,5 )0 (5 5 (9) Jg yiuds
Slie 391 yioS (g ylolino sabar Culid 09,5 &1 Cunnd EX-T2D 09,5 55 Jg il g &y yosnlS 5 5
b 155 SD (xSl lgiey

-
e )0 550 S ke 2 YL Dol b ol el alie A SU eyl Bidod 5l Boa
O5elSinndS (pgas 13 .09 59 £55 Cubd 4 e slaige ;9 G Frows sloaFLE 5 35,0

Calis 09,8 ;0 RUNX2 5 Ly ols olas mlis « RUNX2 &l poss g cobs (g )le 51 o200 (Bgye



FAY o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

ele RUNX2 a8 S plowl clidllae ool s () JS5) oslad lolime (ial3dl J5uS 05,5 4y Carnd
Slighos lis (Ve )8) el Slalin oyt slocslans 5o (B3 oprlSaionds sy Lol
SAT3 ol ) )] (gadly9ind s AKT 5y 3l b Gugaile Sl 51 (30 LiouacdS yaln ol oL
oo o (1) 39500 (B9,8 oamilSsiondS s RUNX2Z clad (2ol s ¢ (50l slagsboe (39,0
il a3 RUNX2 e oubs Sl 5o wiols olis (T410) o Kes 5 lus pols uios b
5 el Jelse oIS 4 5w sl 8o ifh,T 155 S sl b ples o Sl o5 e 5
D ale O g )0 5 95 08wl (alEl s oo laias cnl 2 9381 (VY) ws e RUNX2
GG 50 D9d o0 xie (39,6 HgelSiiendS 2Pl (lgiedy RUNXZ oo (2l 331 4y oliolony)
3 6ol Lolidl Lol o(-Y i) <l ilidl 6 lobize jaboas Culis 09,8 1o 3565 e ol
20l by 5 5o i 6loyrans 5 15358 (al 50l Jolge a5 Ll 1ot 00y RUNX2 (50
Clale oYL Sllugi Lo DS 1l 058l Cosl 00 08l (L dyoz o 3wl gy
s & S B8 aenlSiindS 53 P38 MAPK JUSs yos 5l RUNX2 _iuli3l o 55518
@ 6,95 3500 a5 Wilools (lis Slalllas (il prodle (YF) 31 (6 iy Cavonl S l5 Culi SV
Ok 5 Gl e AMPK cllad ol Jdsar &gl om0 (slacs lows o Ylaia! gilS gl
ol 0ol Gl S0 2l Sliddod )0 wizmen (1) 95800 o g5 OIS (s n s RUNX2
O-linked 352 JS& yout g AGES b ounaly 5SS (sl ray o ol 3l (il oS ol 9381
5 Sjeiiwl plad oS 9 JelwJ>ls 5ol sl pens ]33l o B-N-acetylglucosamine
G138 B o S g Yol (F0) ol 4z g5 (LLs By e Blo dlae gl Jsho (genlSaiends
5o 48 Fplxl Gldlas e B RUNX2 &l s 550,950 (lgicay sleisay 9> 08 0
RUNX2 50 50 jlolins yosd pol> Gabon .ol 0900w )L RUNX2 55 5555 codlad idi diw
055 oo 428 T el i gl Bobo () JS5) o8 (s [y 555 05,5 b alio 8 o35 09,5 52
3 Sl g (FF) AMPK iol38l g ADP 4y ATP s alS & auads sl o o5 Ylotio| oS
Gl US98 50 oS Ceslodd pomie (o ped 09,5 93 2 ;0 RUNXZ ()l (2alS 4 AMPK ()l
ol &l pis wils Sl 680 5k 40 (Vo)) e g 5u) i il ) 0gr yloline LialS

APV 0 aalys olonl Y S b o yed 428 VY 51y 51 o (39, Sloo dlae sl Jskus



VFeo "_,LLM} F 5kl Y 5490 “5&})3 e § ,991.9 FAY

P Y) len 5 55 Gaiod @l b seed S9I5 (e 201 (0l Guiod s ;500 )
@l & x5 b sl Y 5 (S 0g d (5l (e i A Sl o e s 058
Lol Ghali¥l 5 99 £58 cobis @ M (slaige ;o alae GLUTA (slyime (2ol 5 (e Slihos
gy il ot g lgm! St wlgi oo GLUTA Liul33l cde (TA) ol dyais _oglis o yed
(Y o)ls alae lawgs 35615 cuilo y jo (gaudS ias a5 ol AKT o8 slaay 51 SGAS 160
JS0) 09 J S 09,5 b anslie ;5 Sulis 09,5 50 (gl Syl B @l K00 5l (reiznen
Oedsmdl Ol (2l s (I SSL sl sladshe 3 Shes 0,55 9 STZ G55 f1 o o5 (QI-T)
dliio )0 (ol Culid 09,5 )0 Glgadl cdale (o (g loline ot Budid ol )0 (F1) 05l 0 susS
o LTV GLlRes 5 6550 3aiot b gunad J 7S (503 09,5 50 9 0 osalie Culis 0957 L
A oudlie U.JMI cdale wl)sl LS.JLo L;Lmui:,y 59 ‘SuojLnA § dyd ‘_,,_ng;s Sl yed azan VY
w1y Hlae sl sbs Sl g0 g5 Cobs ;o pdguil 4 Caglin b pdgudl e S2als (F))
gl @ Soled 5o &5 S e Jie S Ees Gbratll ple g S5 g SIS 85
Geiod @l o Eres Slaat s b))l jshareds (FY) saloxil oo (195 )0 Lagas s ol VL
09,5 b awylite ;5 LDL 5 HDL «Jg yundS oy ponidS6 5 0lime (50bS slagtgn jo 0ls plis jol>
a2 5l AU Wl e Dl il (el Y S) @8l Gl g bl jsbay S
2 S gole wla poe g G Glacdl Koo 5 SISl Alae gl sk o gl ol
() hlSon 5 Sy b gunes il Lo o9 9SS jlugcg o ali (alplo 5 (0bs Ghles
Lol plis Jy8 slaog 5 4y Comid | (5 loline (2alS S S (65 5 Jg el 02 505 slog 57 5o
By )0 5550 oaden 35 lag) ole wad (ool Sl yed a3 Splonl Sl @l & 4>y
<z lid w5, 1,0 (FAS 3 ACCL SREBPL) 35590 9 (HAD 5 CPT1a PPARA) ()gpmlanS]
Slpess polo Goiod ;0 oS Jlo o (FF) 95800 (o] Erod Sonr o 9 WS (o0 3Lk )
5 55 oS @S b genen g oadly dalllae b gusn e HDL il38l 5 LDL l5e otalS
e s 9 99w Jlobins o ld Gl ige ;o il (5l Guyed wia A Gl ey (V01) (S
DS (gl (FA) ity 428 Sl i o 5] e Joko 51 56 1, guls BNES] oy
oAl Jalge 5145 Gl HDL (2805 5 (395 JgyimdS e jomalS 6 5 221331 50 £95 Sl 55 (s

Tros sty cb5)s culad L6 paad o aies Sobs § Sglie pg 0w slags les



FAD o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

SIS 43 (LPL) 5l (a9 90 o1 odlled o 3B b (sl e Voio) S g5 cn (s
Ored el il I HDL jlade Coles 50 9 oud ;e HDL 4 VLDL (oo 5 s e85 5
ol yxie A (190,98 5 (oY (slagygas98 Glime Rl 4 dad (ool Sudlad v oo Slaiay
1 odosalive 35 5 (F0 FF) wims Ll 1, julsed elans alico 55 aygaysm ol 45
S 8o S9ngr b, g5l a5 59,00 Jloil (l pipg Pl wiS az gyl Guiod o 1) o s
S ;508 Jolse Sl ligd oo (So> SlainSionand 9 7 Tobie )3 Sl cu &5 o]

S 5 4%
Olsie 4 RUNX2 (2als 4y ot dllas plaiea; apals gl o yed ol (Lt ol 3rbo mlis
Sy oo saiar (S jabods ol ymie 90 £45 Cobo M Slahge ;0 (Bgye (rolSibldS el
G5 Yoz e € o 5 (openlSiiondS (sloas Lt ok (IS L s glis Sl e (51,

2,05 95 95 abs (g lew J S 50 (5,550

»Tn’@lm

1.Mellitus D. Diagnosis and classification of diabetes mellitus. Diabetes care.
2005;28(S37):S5-S10

2.Rajbhandari J, Fernandez CJ, Agarwal M, Yeap BXY, Pappachan JM. Diabetic heart disease:
A clinical update. World Journal of Diabetes. 2021;12(4):383

3.Rogers MA, Aikawa E. Modifying vascular calcification in diabetes mellitus: contribution of
O-GIcNAcylation. Am Heart Assoc; 2014

4.Singh A, Tandon S, Tandon C. An update on vascular calcification and potential therapeutics.
Molecular Biology Reports. 2021. 1-10.

5.Berliner J, Navab M, Fogelman A, Frank J, Demer L, Edwards P, et al. Atherosclerosis: Basic
Mechanisms: Oxidation, Inflammation, and Genetics. ACC Current Journal Review.
1996;3(5):37

6.Campbell G, Campbell J. Vascular smooth muscle and aterial calcification. Zeitschrift fiir
Kardiologie. 2000;89(2):S054-S62

7.Vattikuti R, Towler DA. Osteogenic regulation of vascular calcification: an early perspective.
American Journal of Physiology-Endocrinology And Metabolism. 2004;286(5):E686-E96



Voo ybiamn) F 5 lasd I 5,90 ¢ b9 (s 3 poke FAS

8.Collin-Osdoby P. Regulation of vascular calcification by osteoclast regulatory factors
RANKL and osteoprotegerin. Circulation research. 2004;95(11):1046-57

9.Giachelli CM, Speer MY, Li X, Rajachar RM, Yang H. Regulation of vascular calcification:
roles of phosphate and osteopontin. Circulation research. 2005;96(7):717-22

10.Hofbauer L, Brueck C, Shanahan C, Schoppet M, Dobnig H. Vascular calcification and
osteoporosis—from clinical observation towards molecular understanding. Osteoporosis
International. 2007;18(3):251-9

11.Johnson RC, Leopold JA, Loscalzo J. Vascular calcification: pathobiological mechanisms
and clinical implications. Circulation research. 2006;99(10):1044-59

12.Kay AM, Simpson CL, Stewart JA. The role of AGE/RAGE signaling in dabetes-mediated
vascular calcification. Journal of diabetes research. 2016;2016

13.Bostrém KI. Where do we stand on vascular calcification? Vascular pharmacology.
2016;84:8-14

14.Yahagi K, Kolodgie FD, Lutter C, Mori H, Romero ME, Finn AV, et al. Pathology of human
coronary and carotid artery atherosclerosis and vascular calcification in diabetes mellitus.
Arteriosclerosis, thrombosis, and vascular biology. 2017;37(2):191-204

15.0ng KL, McClelland RL, Allison MA, Cushman M, Garg PK, Tsai MY, et al . Lipoprotein
(a) and coronary artery calcification: prospective study assessing interactions with other
risk factors. Metabolism. 2021;116:154706

16.Tintut Y, Hsu JJ, Demer LL. Lipoproteins in cardiovascular calcification: potential targets
and challenges. Frontiers in cardiovascular medicine. 2018;5:172

17.Kawakami R, Katsuki S, Travers R, Romero DC, Becker-Greene D, Passos LSA, et al.
S100A9-RAGE Axis Accelerates formation of macrophage-mediated extracellular vesicle
microcalcification in diabetes mellitus. Arteriosclerosis, Thrombosis, and Vascular
Biology. 2020;40(8):1838-53

18. Maddaloni E, Xia Y, Park K, D’Eon S, Tinsley LJ, St-Louis R, et al. High density
lipoprotein modulates osteocalcin expression in circulating monocytes: a potential
protective mechanism for cardiovascular disease in type 1 diabetes. Cardiovascular
diabetology. 2017;16(1):1-11

19.Lin M-E, Chen T, Leaf EM, Speer MY, Giachelli CM. Runx2 expression in smooth muscle
cells is required for arterial medial calcification in mice .Te American journal of
pathology. 2015;185(7):1958-69

20.Banerjee C, McCabe LR, Choi JY, Hiebert SW, Stein JL, Stein GS, et al. Runt homology
domain proteins in osteoblast differentiation: AML3/CBFAL is a major component of a
bone-specific complex. Journal of cellular biochemistry. 1997;66(1):1-8

21.Cobb AM, Yusoff S, Hayward R, Ahmad S, Sun M, Verhulst A, et al. Runx2 (Runt-Related
Transcription Factor 2) Links the DNA Damage Response to Osteogenic Reprogramming
and Apoptosis of Vascular Smooth Muscle Cells. Arteriosclerosis, Thrombosis, and
Vascular Biology. 2021;41(4):1339-57

22.Mencke R, Hillebrands J-L, consortium N. The role of the anti-ageing protein Klotho in
vascular physiology and pathophysiology. Ageing research reviews. 2017;35:124-46



FAY o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

23.0rfanidou T, Iliopoulos D, Malizos KN, Tsezou A. Involvement of SOX-9 and FGF-23 in
RUNX-2 regulation in osteoarthritic chondrocytes. Journal of cellular and molecular
medicine. 2009;13(9b):3186-94

24.Zhang Z-Y, Wang N, Qian L-L, Miao L-F, Dang S RWu Y, et al. Glucose fluctuations
promote aortic fibrosis through the ROS/p38 MAPK/Runx2 signaling pathway. Journal of
vascular research. 2020;57(1):24-33

25.Codella R, Terruzzi I, Luzi L. Why should people with type 1 diabetes exercise regularly?
Acta diabetologica. 2017;54(7):615-30

26.Pan B, Ge L, Xun Y-q, Chen Y-j, Gao C-y, Han X, et al. Exercise training modalities in
patients with type 2 diabetes mellitus: a systematic review and network meta-analysis.
International Journal of Behavioral Nutrition and Physical Activity. 2018;15(1):72

27.Kirwan JP, Sacks J, Nieuwoudt S. The essential role of exercise in the management of type
2 diabetes. Cleveland Clinic journal of medicine. 2017;84(7 Suppl 1):S15

28.Chen Y, Wang S, Bu S, Wang Y, Duan Y, Yang S. Treadmill training prevents bone loss by
inhibition of PPARy expression but not promoting of Runx2 expression in ovariectomized
rats. European journal of applied physiology. 2011;111(8):1759-67.

29.Delaney JA, Jensky NE, Criqui MH, Whitt-Glover MC , lima JA, Allison MA. The
association between physical activity and both incident coronary artery calcification and
ankle brachial index progression: the multi-ethnic study of atherosclerosis. Atherosclerosis.
2013;230(2):278-83

30.Pieralice S, Vigevano F, Del Toro R, Napoli N, Maddaloni E. Lifestyle management of
diabetes: implications for the bone-vascular axis. Current diabetes reports. 2018;18(10):1-
13

31.Jing-Xin L, Lin Z, Pei-Jun L, Ning L, Yan-Bing X. Effectiveness of high-intensity interval
training on glycemic control and cardiorespiratory fitness in patients with type 2 diabetes:
a systematic review and meta-analysis. 2018

32.Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time
quantitative PCR and the 2— AACT method. methods. 2001;25(4):402-8

33.Gennaro G, Claudino M, Cestari TM, Ceolin D, Germino P, Garlet GP, et al. Green tea
modulates cytokine expression in the periodontium and attenuates alveolar bone resorption
in type 1 diabetic rats. PLoS One. 2015( » Y 134784

34.Chen J, Lin Y, Sun Z. Deficiency in the anti-aging gene Klotho promotes aortic valve
fibrosis through AMPK a-mediated activation of RUNX 2. Aging cell. 2016;15(5):853-60

35. Chen Y, Zhao X, Wu H. Arterial stiffness: a focus on vascular calcification and its link to
bone mineralization. Arteriosclerosis, thrombosis, and vascular biology. 2020;40(5):1078-
93

36.Maclnnis MJ, Gibala MJ. Physiological adaptations to interval training and the role of
exercise intensity. The Journal of physiology. 2017;595(9):2915-30.

37.Liu Y, Sun Z, Chen T, Yang C. Does exercise training improve the function of vascular
smooth muscle? A systematic review and meta-analysis. Research in Sports Medicine.
2021:1-16



VFer o F 8 ko IV 590 ¢ i} 59 (i § poke FAA

38.Zheng L, Rao Z, Guo Y, Chen P, Xiao W . Hbh-intensity interval training restores glycolipid

39.

40.

41.

42.

metabolism and mitochondrial function in skeletal muscle of mice with type 2 diabetes.
Frontiers in Endocrinology. 2020;11

laccarino G, Franco D, Sorriento D, Strisciuglio T, Barbato E, Morisco C . Mdulation of
insulin sensitivity by exercise training: implications for cardiovascular prevention. Journal
of Cardiovascular Translational Research. 2021;14(2):256-70

Gheibi S, Kashfi K, Ghasemi A. A practical guide for induction of type-2 diabetes inrat:
Incorporating a high-fat diet and streptozotocin. Biomedicine & Pharmacotherapy.
2017;95:605-13

Soori R, Ravasi A, Choobineh S, Motiee M, Sohrabi F, Baesi K, et al. The response of
insulin signaling proteins IRS1 and PTP-1B to endurance, HIIT and resistance training in
rats with experimental diabetes. Science & Sports. 2019;34(3):e229-e33

Misra A, Alappan NK, Vikram NK, Goel K, Gupta N, Mittal K, et al. Effect of supervised
progressive resistance-exercise training protocol on insulin sensitivity, glycemia, lipids, and
body composition in Asian Indians with type 2 diabetes. Diabetes care. 2008;31(7):1282-
7

43.Wang N, Liu Y, Ma Y, Wen D. High-intensity interval versus moderate-intensity continuous

training: Superior metabolic benefits in diet-induced obesity mice. Life sciences.
2017;191:122-31

44 Esfarjani F, Rashidi F, Marandi SM. The effect of aerobic exercise on blood glucose, Lipid

Profile and Apo. Journal of Ardabil University of Medical Sciences. 2013;13(2):132-41

45.Rashidlamir A, Alizadeh A, Ebrahimiatri A, Dastani M. The effect of four-week period of

aerobic exercise with cinnamon consumption on lipoprotein indicates and blood sugar in
diabetic female patients (type 2). SSU_Journals. 2013;20(5):605-14



FAQ o Bt 9 (B9 (yglSaindS A LE g ol (2gUT (o pod i Col 5T

The effect of 8 weeks of high-intensity interval training
on vascular calcification index in mice with type 2
diabetes

Elham Khani Sanij* - Khosrou Ebrahim*! - Mohammad

Ebrahim Rezvani? - Hossein Azizian®
1.Student, Faculty of Sport Sciences and Health. Shahid Beheshti
University, Tehran, Iran 2. Professor, Faculty of Sport Sciences and
Health. Shahid Beheshti University, Tehran, Iran 3. Professor,
Department of Physiology, School of Medicine Shahid Sadoughi
University of Medical Sciences. Yazd. Iran4. Associated Professor,
Department of Physiology, School of Medicine Shahid Sadoughi
University of Medical Sciences. Yazd. Iran

(Received: 2021/05/24; Accepted:2022/01/03)

Abstract

Diabetes mellitus (DM) is a chronic metabolic disease characterized by
vascular classification and impaired carbohydrates, lipids, and lack of insulin
secretion or decreased sensitivity to insulin metabolic effects. on the other
hand, it seems the effect of exercise on vascular classification is an important
issue. In the present study, we evaluated whether 8 weeks of high-intensity
interval training (HIIT) decrease vascular calcification and improvement lipid
profile in rats. Main Methods: 40 Male Wistar rats were randomly divided into
diabetic (T2D), exercise-diabetic (EX-T2D), exercise (EX-CON), and control
(CON) groups. After 5 weeks, diabetes was induced in all the T2D and the
EX-T2D group. The EX-T2D group trained for 8 weeks. Real-time PCR and
colorimetric were performed to investigate the expression of RUNX2 and lipid
profile Key Findings: Rat in the T2D group had a significant increase in
glucose, triglyceride, cholesterol (p<0.001), and LDL(p<0.05) as well as
deceased in insulin and HDL (p<0.05). compared to the control group. In
exercise, groups of rats had a significant decrease in RUNX2 expression
compared to the control group (p<0.05). in addition, Triglyceride and
cholesterol levels were lower in the EX-T2D group compared to the diabetes
group (P<0.05). Significance: Our data demonstrate that HIIT decreased
vascular calcification and improved lipid profile in a mouse model of diabetes.
However, further research is required to examine potential clinical relevance.
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