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: Vascular calcification (VC) is prevalent in patients with

atherosclerosis, chronic kidney disease, diabetes mellitus,
and hypertension, 1s a strong independent predictor of
increased cardiovascular morbidity and mortality. VC is an
active, cell-regulated process. Recent studies on the
regulatory mechanism of cardiovascular calcification have
been focused osteogenic dedifferentiation, matrix vesicles,
extracellular matrix degradation & mineralization and cell
apoptosis. Xanthohumol (XN), a bioactive prenylated
flavonoid in hops (Humulus lupulus L.) and beer, has long
been used in traditional medicine as a sedative and
antimicrobial agent. More recently, attention has been
devoted to the protective effects on the cardiovascular and
metabolic diseases. However, the role of xanthohumol in VC
1s still unclear. In this study, an in vitro model of rat
aortic vascular smooth muscle cells (VSMCs) calcification
induced by B -glycerophosphate ( 8-GP) are used to identify
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the effect and mechanisms of XN on VC. Methods: Incubation
of VSMCs with S-GP for 14 days induced an osteoblast-like
morphological change. The mineralization was visualized by
Von Kossa and Alizarin red staining. Alkaline phosphatase
activity (ALP) and calcium content were also detected. The
protein expression of osteoblastic differentiation markers
and signaling pathways were determined by western blot and
immunocytochemistry. Results: Our data showed that
xanthohumol concentration-dependently reduced /S -GP-induced
osteoblastic differentiation and calcification of VSMCs
including ALP activity, calcium content and bone
morphogenetic protein-2 (BMP-2), Runt-related transcription
factor 2 (Runx2), sodium-phosphate cotransporter Pit-1 and
[ -catenin expression as well as the formation of
mineralized nodule. Furthermore, xanthohumol was shown to
inhibit the B -GP-induced ROS production, apoptosis and
protein expressions of caspase 3 and -9, which are known
contributors to vascular calcification. Therefore, this
study indicates that xanthohumol may have a role in
prevention of calcification-associated vascular diseases.
Further animal studies are needed to substantiate these
novel findings.

vascular calcification, xanthohumol, vascular smooth
muscular cell, /S-catenin, Runt-related transcription
factor 2
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Abstract

Vascular calcification (VC) is prevalent in patients with atherosclerosis, chronic kidney disease, diabetes
mellitus, and hypertension, is a strong independent predictor of increased cardiovascular morbidity and
mortality. VC is an active, cell-regulated process. Recent studies on the regulatory mechanism of
cardiovascular calcification have been focused osteogenic dedifferentiation, matrix vesicles, extracellular
matrix degradation & mineralization and cell apoptosis. Xanthohumol (XN), a bioactive prenylated flavonoid
in hops (Humulus lupulus L.) and beer, has long been used in traditional medicine as a sedative and
antimicrobial agent. More recently, attention has been devoted to the protective effects on the cardiovascular
and metabolic diseases. However, the role of xanthohumol in VC is still unclear. In this study, an in vitro
model of rat aortic vascular smooth muscle cells (VSMCs) calcification induced by -glycerophosphate (3-GP)
are used to identify the effect and mechanisms of XN on VC. Methods: Incubation of VSMCs with 3-GP for
14 days induced an osteoblast-like morphological change. The mineralization was visualized by Von Kossa
and Alizarin red staining. Alkaline phosphatase activity (ALP) and calcium content were also detected. The
protein expression of osteoblastic differentiation markers and signaling pathways were determined by western
blot and immunocytochemistry. Results: Our data showed that xanthohumol concentration-dependently
reduced B-GP-induced osteoblastic differentiation and calcification of VSMCs including ALP activity,
calcium content and bone morphogenetic protein-2 (BMP-2), Runt-related transcription factor 2 (Runx2),
sodium-phosphate cotransporter Pit-1 and p-catenin expression as well as the formation of mineralized nodule.
Furthermore, xanthohumol was shown to inhibit the B-GP-induced ROS production, apoptosis and protein
expressions of caspase-3 and -9, which are known contributors to vascular calcification. Therefore, this study
indicates that xanthohumol may have a role in prevention of calcification-associated vascular diseases.

Further animal studies are needed to substantiate these novel findings.

Key words: vascular calcification, xanthohumol, vascular smooth muscular cell, B-catenin, Runt-related

transcription factor 2
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Wnt/B-Cateninit & @ if g /= &3 # e A7 24 17 *  (osteoblastogenesis) £ x ¢ 4% it (vascular
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2000) e d 5 RERET P& FAE F IR s oA Ao ,?th” LAY o “f TH B Eeadag it
Bl F R e chp ] SR 1 8 5. (Plazar et al., 2007) & £ jivif g8 0% L &4 (Dorn et
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Foom f T ifrcimie e o84 0 2 B R 5= (Livetal, 2017) - Eg**u Fipl R > AP IR
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1. 45i- X Frvimre sz £ (Mineralization of vascular smooth muscle cells):
(1) + & # T i veim e j&_Sprague-Dawley rats (200-250 g) =% 2 ##% (aorta) g 9 bR RS
TR B G AR d LR A P p g d o I R D PBS iR e ek o i E 1 0 R

HE o ] ey lﬁ* T25i‘“ % 57 (flask) *4v » 6ml oz 12 % % (10%DMEM) ++ 5%
CO,~95%O0,~37TCER2&fckZFF B EHPMER - 2(8 > THE = X {( #- Zwes i
oo F wme £ 3 80% ~ 90% W &k ie (confluence) PF > TPV i RN % - F TR Y i
3~6 K eimPE o

(2) FH% mredriv: % 10" Bawrz/lml %23 wmree £ 4% ¢ 2% (day 0) > 12 10% DMEM £ %
Fwrg L 3~k (day 7) > wmrzic* 7 10 mM B- glycerophosphate 100 nM insulin ~ 50 pg/mi
ascorbic acid £ 10 mM sodium pyruvate 110% DMEM #5312 % » 5 2 % { - EH 2 2 %
o wEE % 7% (day14)

2. ¥ w ¥ (MTT assay):
% P e JR {8 endm e -medium 36 21 > 4~ 500 pl 2 f& ¢ isopropanol i3 fE4 & % ¢ & & formazan o
5



10 /va\ﬁ@‘ e Bty 7} + 7% 3 B 200 },ll 3 963 ‘:’ ’ /?Jﬂ 540nm (OD540) ‘fl" 630nm (OD630) e Sk iE =
— %22 (ODsg—ODgz) Efriz#liez & “ iﬁl‘ TR HLE e T A o

3. W MBEREF S 1R 2 (Alkaline phosphatase act|V|ty assay):

# 10* BT Foemee/ml B2 it %4 24 (day 0) > 2 10% DMEM 3 % #Fwmie £ 3 ~
% (day 7) 0 Pz :z* 3 10 mM B-glycerophosphate 7 10% DMEM . Léé Fre g B FIER DY KR
(xanthohumol) AR 22X L H-XEFIZREAROBAT X (dayld) BT N sk LR S RS o
B AR well pong &R AL e K PBS gk 3-4 S04 F 4o ~ 35 0.1% Triton X100 £ lysis buffer
yTELZm P2 > 4o ~ reaction solution >t 37°C #F sk & & 1 | pF{s » £ 4e » 1M NaOH # 1+ £ & > ip| £ 405nm
w3k i@ o 41 * bicinchoninic acid protein (BCA) assay & i d~v % & > & 37°C F B 1 BFis > 4e » 1
M NaOH % it & J& » Bl & 540 nm =k & o

4. me FHpp iR & 2 (Alizarin Red S & Von Kossa staining)

# 10%p T Focmreiml B 3timre it £ %Y 24 (day0) 0 210% DMEM#: & #wfe £ 1 A~ A&
& (day 7) stz 310 mM BglycerophosphatemlO% DMEM#§ 3 % > &2 72 F kR TF K%
(xanthohumol) » = 2= i#ﬁ* ZEFZEER > BATAE (dayld) Bi7a F e it 4 Bk o B
RAERIPE §FAMBLEN T %\,,,z I PBS#z£3-4=x » & F | * 70%/k ¢ fig 7 Tiwm e
R > 34°CF BL )P FlEfeimy Lo % J‘?F #3400 Bogp IV R {8 B 4e ~ 1% Alizarin Red
Ssolution > &% BT & K604 4818 BLEFE S RN T :}p Fk‘% Allzarln Red S% ¢ 2+ %4 41313 % fn¥e AT R
ﬁ—ivbone nodules# 4~ B A » I A ¢ Bk hppd FiR RAEFHF P ERDF L 2 XEEFSF AR

s F3p PR 18 4 » 10% cetylpyridinium chloride solution * /&30 min > i £ # 540 nmv)wk E_ °

5. Wz dFinsf 2 £ R (Quantification of calcium deposition in aortas)

# 10%p T Focamreiml B2 3timie it £ %Y B4 (day0) 0 210% DMEM#: & # b £ 1 A A&
% (day 7) 0 mmreic* 510 mM B- egcerophosphatemlO% DMEM#§ 3 % > & B2 F kR TF K%
(xanthohumol) » = 2= 51:}1%— = +471 ZE AR BAETX S (dayld) 7w F . m’“?ﬂ o] S LR
0.6 NHCI2 45 it (decalcified) 24-] p& » i * calcium kit jp] 2 HCI* Fi% c4f 2 £ -

6. LEFLRL (Immunofluorescence staining)'

# 10°R T eamre/ml § v it mve s 40 12 % (day0) 0 1210% DMEM3S % @#imse £ 3 ~ A
w0 dmrz et 710 mM B- egcerophosphate.mlO% DMEM » 3.2 7 F &k & eh% &% (xanthohumol) » & &
48] P 1S fm P _rz PBS:&is > 4 “ﬁ% PBS{s 4v » 10%formalin %.4°C B =104 45 > 104 455 11 PBS£6-=t » 2R {8
4v »~ 0.3% Triton X-100*+ £ ;8 © it * 154 48 > & F 4o » iﬁ blocking buffer (1% BSA)>* % 8~ i®* 1]

¥ o 1 A1R 8 chprimary antibody3= 3 R F & 4CIF* IR o "ﬁ ¥z FLRg i3 £ 4+ secondary antibody>*t
TR TIERLPPE S 2 {8 UPBS ik T A4S o £ Uiﬁ'¢?+£§ﬁ£z&z %o

7. @ 3 & Bz (Western blotting) :

1 x 10%7 = rcimie fEA0 102 A 3 & 4 T3 & % 7 10 mM B-glycerophosphate:710% DMEM @ »
FE 72 FkRSE KB (xanthohumol) » & F R LB*F"* {8 #-fmre 11PBSk = =t {4 0 e » lysis buffer i #
154 4815 o B dmee 1 0213,000 rpm > ACH e Bt Fie 0 TR -80CEP (SR T o F6 FIER
2 ”Bio- Rad DC Protein Assay”ip| € o i&Jp— SindpiE 7R {eidid > 2 12 ﬂ?kﬁr% 4% enPrimary antibody
323 % # &+PVDF membrane t 4 °C iT* [ 7% » 2. {s £ 2 washing bufferie - -] pF 3 ",f 5 ARl o BB
Secondary antibody##% 3| £ i )k & » #23 & & PVDF membrane % g & Jg1-] P¥ o & {5 £ r/washing
buffer;2604 45 » P4 »ECL 14 45 » Fvigzfs BEF ~ PP vT 2 5 o
8. Mm% - ¥R (Apoptosis detection): Annexin V/PI ¢4 i

2 10%E T reimre/ml Bt St mre s K450 2 % 0 1110% DMEME % Fiwie £ 2 A A% 0 o
"2z % 710 mM B-glycerophosphate:710% DMEM » #.22 7% = Jk & 0% K f% (xanthohumol) i®* 72.] p*
60 IR R~ 2 I trypsingT T ihdmie 20T A - At s (1,200 rpm 0 4°C 0 54 48 ) o B G
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% is4e » 1 ml PBSHE-Lk enfm e ih 570 2R {4 ik ﬁﬁ £ BN %ﬁ-'“ o 13 ﬁ‘ F ’F F % 16 4 ~ 300 HI 4 C PBS >
RigiE= > & dde »99.9% SUFWET00 plt Bl 2 iwre 0 BAC B IR R o FHFHC ~ 2 Mf_ RS e
PBS 570 ul ~ 10 pg/ml= RNase 2 ul 2 0.5% 2_Trixton X-100 30 ul 4.37°C T i % 1] pF > B F .o ¥ 3 K,%
! ’F 18 40 »~ PBS 600 pl4=10 mg/mlz Pl 2 pl £4°C™ %4 ¢ 304 45t T+ I * [i48 m¥e &2 47 ik (Coulter
Epics XL MCL > Beckman Coulter ) jB| % _fm?e # £ ¥ Hp o ¥ ¢ » 7fﬁAnnexm VIPl hfE 4% o pliwre &

= R

9. fm¥e p B F B (ROS) ez £l 2

e p ROS &m0 4 Sk B Ac st k BLpl £ TLprobesn i 4 k=& o @ * gprobe £.2°7-
dichlorodihydrofluorescein diacetate (H,DCFDA, Molecular Probes, Leiden, The Netherlands) - %60 mm«n
dish® # = 5x10° B fm¥ > & 2. pL* A5 96 > 4% & 3 10 mM B-glycerophosphates710% DMEM ® 3£+ 7
kR eh¥ P (xanthohumol) &% 72/ p¥ig » A & * 10 uM:H,DCFDA ~ 10 uM DHE$-25 uM CMFDA
%37 °CT™ 4 w2304 48 > 32 ¥ UPBS* &Y & W > ¥ * flow cytometer (Becton Dickinson and Co.,
Franklin Lakes, NY) & 47 % %3 & o

10. 3u3+4 45 (Statistical analysis)

“T R A AHRION T 0E £ R (Meant SE) 2§ A S (W)E T o F A MH A o T #
BT ¢h s 393k % Student'st-Testz® G ¥t e s b w2 X B o % p &/ 30.05pF » £ 73058 4
TEFLE

=~ 2%
1 %lﬂé (xanthohumol) # 4 R § T Fred £ chfls

= 1B RS R (xanthohumol) i FIAVEIL AR SEWPH L BH @
MTT assay k L%+ &5 T jfFoeim® 7 kA 0§ B (xanthohumol) (1~10 uM) ¢z i * =
A FRIIE o B dl o ki@ g 1£100% - %ﬁﬂ PIEH 6 w3 kB URFREET S w4 £ R
S if]‘? Hod F 2% T 5 AR (xanthohumol) E % 1% * 24~96-] P14 » Jk B 1~10 uM ¥+ s o2 73
L

BTG gl iEr [Fig. 1] Flpt 2 B F g (xanthohumol) 12552 10 pMenk B i1
HimPe F B o
1 24hr
100 AE el Noe =0e md 222 4enr
[ i X3 96hr
< .
__ 80} E:: : Fig. 1 Effects of xanthohumol on the cell
S K3 [ : . .
< :3 [ proliferation of VSMCs. Cells were seeded in
£ 60} R4 ' :
3 %0 :% o 96-well plates for 24 h, and then treated with
s b o e .
2 w0l Eg :§ indicated concentration of xanthohumol for
© :§ § another 24, 48, 72 and 96 h. Then cell
20 ?1 :ﬁ proliferation was determined by MTT method.
% [
;::1 X Each value represents the mean + SEM of three
0 . . . -
beta-GP 1 25 5 10 independent  experiments,  with triplicate
B-GP + xanthohumol (uM) determinations in each experiment.

2. % BpE (xanthohumol) $*tALP/E (e 58
hAB AT B R R VR *Fg ,ﬁ“ﬂ’b wie o v G e TR A SR
¥ & v 2 ehpE F ALP o Tt lzALP PR AT A cim e 2 T G A R v DI § 0 2§ R R
(xanthohumol) % fmPz 4 it 2 B2 58 - d ALP PEmngERET 0 < "o g T ifpicwie, H;;’;b» ‘m
AT IC R & R R 14X o m”z?/?&’ 3 ALPE 1 (B-GPe) > & 5 2 kk R R K[
(xanthohumol) /e w2 3-GP e p it 2. 7 > ALP B3 PRET SR %A 4 [Fig 2]
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Fig. 2 xanthohumol suppressed the p-GP-induced increases in ALP activity in cultured rat VSMCs.
ALP activity was measured using an ALP assay kit. Each value represents the mean + SEM of three
independent experiments, with triplicate determinations in each experiment. ##p<0.01 versus control group;
*p<0.05, **P <0.01 compared to B-GP alone.

3. % K (xanthohumol) $*+T Frvimie 2 ¥ FHi 1 iT% s

4 [Fig. 2] #t7+ > % &P (xanthohumol) ¥ 23 scemjp > ALPE 1 > &7 % 5 B33 K
(xanthohumol) #F3t-T /fsvimez o it S g e 2 ghde v 5% a0 o d [Fig. 3] ¥ M avif §

K BE (xanthohumol) + 12§ s > fm iz 4T A% 5 AP 2 WiE* g 4 4 4 ;2 Alizarin Red S &2
Von Kossa% ¢ (¥ #-Bifk 4T % & 2 ¢ ~F b ¢ )7 % D4 & e “73aff cbone nodulesdh 4 i
RN T ARTRELBI LA R c FHEET ST A ER SR $14% che U
Tt g A A o m KB RIRE DR KR (xanthohumol) e W7 redie ] L i s imre g de

[Fig. 4] -
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Fig. 3 Xanthohumol inhibits B-GP-induced calcification in VSMCs. Calcification was induced by the
addition of B-glycerophosphat (B-GP). Calcium contents were measured and normalized by the protein
content of cell lysates. Each value represents the mean £ SEM of three independent experiments, with
triplicate determinations in each experiment. ##p<0.01 versus control group; *p<0.05 versus B-GP group.
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Fig. 4 Xanthohumol inhibits B-GP-induced calcification in VSMCs. Confluent VSMCs were incubated
with calcification medium in the indicated concentration of a-mangostin for 14 days. Calcification was
induced by the addition of B-glycerophosphate (10 mM). VSMCs were stained for mineralization with
Alizarin red (A), Von Kossa staining (B) and microscopic images (magnification x100) (C, D).

4. % @ (xanthohumol) #fs ¢ -T # #~wm¥ & p-glycerophosphate 3# %7 4= & * fp M Jov PRI

W Y BT e B E AT L Y o L F 40 1Y 2 Wnt/B-cateninit LA T B o 1 PR R
Wnt/B-catening f= e 58 > A ] F 2 & BRI 4 WIF 3 e e ) active B-cateninsnid I o 4 [Fig. 5A])
ST 0 4R RER T R D e ¢ active B- catenlnmz\ R o 45 F) 5 RunX-2 & T /pF"*“‘m”? AT e
»gﬁﬂé PEtRE i d S RUNX-2¥ d 37 5 % Jo e 4 BV ST 0 & 42 BMPfrWnt/B -catenin

& BB IT 0 AR d M AT RUNX-2end R TR e T e ie i GRS e 0 2 RGE S

@Ew o d [Fig. 5B) 2% # W > 4 » § FEE12 ﬁfﬁ‘v b hm iz B F] S RuNX-2602 IR ERES T il
et GEE R R e e R o JIF LAY KL F % 4o [Fig. 6] #7 > B-GP ¢ i¢ active B-catenin
BRUNX-2:0% % £ LA 4e > P PRI F R FE € # active P-catening? Runx-2: £ £ TR 5 o d 1 b %
SR ) i SVE R Wnt/B-cateningm 4, & i’ﬁ&{;ﬁ‘_

$BMPE Xt 2 & {8 ¢ BipL 1t foid Y T 5@y~ 5 4oSmadl/5/8 v & Bk i «HSmadl/5/8 § &
Smad4?; & — B iF & Jw (Co-Smad) - %&%Co-Smadgﬁf% Jdmrz g & 5 - BT > & ADE
Runx-2fc# & 4p B A Flend s o &7 % > 3 0 &- s BT BMP/Runx-231 & @wﬁéumﬁ
B F o B gk e E }?ﬁ’ﬁ;}‘]“m”at’ :HBMP- 2}9 FERAPE-REFRIER KD F 7T 0
e P PBMP- 2¢hg-v B # P B > [Fig. 5C] -
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Fig. 5 Xanthohumol attenuates B-GP-induced
osteoblastic differentiation of  VSMCs.
Representative Western blot of active B-catenin,
Runx-2 and BMP-2 protein expressions. -actin was
used as the loading control. VSMCs were treated
with B-GP (10 mM) without or with xanthohumol
for 48 h. Protein bands were quantitated by
desitometric analysis and normalized for variations
in B-actin protein levels. The bar represents the
mean + S.E.M. of three independent experiments.
*P<0.05, ™P<0.01 compared with control; *P <
0.05 compared to 3-GP alone.
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Fig. 6 Effect of xanthohumol on active p-catenin and Runx-2 expressions in rat VSMCs. VSMCs were
treated with B-GP (10 mM) without or with xanthohumol (10 uM) for 48 h. Cells were subjected to
immunofluorescence staining for B-catenin (A, red) or Runx-2 (B, red). Nuclei were stained with DAPI (blue).
Scale bars, 50 um.

5. % &p% (xanthohumol) #Pit-1/ROS/PI3K/AKT &, j& e 5

A AT ETGBHRAV I L F Ty 4 5 GuE A (cotransporter, Pitl) i& » %z fs o
Se AR R L AR RIROS > 1 7 5 1 PIBK/AKT e jo o 38— # 1% 2 4= F w2 chRunx-2 4 7]
FRAen g H > Ru g enT v AR NG SR e i m g S e g ¢ kit (Al-Aly,
2011). 3 7 =% R K I 0 Pit-1J/ROS/PIBK/AKT/RUNX-2§4 f5 cng2 38 > Vi # & = & B Ao Wi it w
g ) Pit-1 ~ AKT ~ PIBK % 39 B ch& & w2 ROSeH2 = § o 4e [Fig. 7] #7771 » &7 3 KT 5w
¢ Pit-1end o F ¢h o 4o 0 F RS € B0 e P ROSen2 & [Fig. 9) 3ok 5 FE & 357 B O Bif
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FRAE N T e it 2 A A ARt T o 1 B AEIRRUNX-2F i i 4F +t PI3K/AKT/RUNX-2
z 55 (Byonetal., 2008) - ¢ [Fig.8) &% 3 » 4c » § FAE {8 ¥ R > 2w p p-PIBK/PI3K relative density
1 IR o BT PEOAKt - B & R o 4e[Fig. 8] %71 10 uMs R 7 eI p-Akt/Akt relative density
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Fig. 7 Xanthohumol attenuated the expression of sodium-dependent phosphate cotransporter, Pit-1.
VSMCs were treated with B-GP (10 mM) without or with xanthohumol for 48 h. B-actin was used as the
loading control.Protein bands were quantitated by desitometric analysis and normalized for variations in
B-actin protein levels. The bar represents the mean + S.E.M. of three independent experiments. *P < 0.01
compared with control; *P < 0.05 compared to f-GP alone.
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Fig. 8 Xanthohumol attenuated p-GP-induced phosphor-PI3K-AKT signaling pathway. Representative
Western blot of p-Akt, Akt, p-PI3K and PI3K protein expressions. VSMCs were treated with -GP (10 mM)
without or with xanthohumol for 48 h. Protein bands were quantitated by desitometric analysis and
normalized for variations in -actin protein levels. The bar represents the mean + S.E.M. of three independent
experiments. “P<0.05, P <0.01 compared with control; *P < 0.05 compared to f-GP alone.
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Fig. 9 Xanthohumol attenuates p-GP-induced ROS production. Production of reactive oxygen species
(ROS) was measured by DCFH-DA. The bar represents the mean £ S.E.M. of three independent experiments.
P <0.01 compared with control; *P < 0.05 compared to B-GP alone.

6. & % (xanthohumol) $im?e 428 %= 2 }p M Fv AR P

Ry LT > e k= it A2 & F401 © 21 8- HFE g Ko k= 2 gl o
850 AR F annxein VO AoPI B4 5 fein ;N fm e KRB (T A T B Rl ie = T o w2 A B-GP& 2
Jk B erixanthohumol (5% 720 pts » 874 ¢ 2245 o d [Fig. 10] 2% &7 > p-GPev 514=p kg2 'm
ek % (P<0.01) > 4v > F KRGS T 1 2xd B2 B-GP 3lA22 iz k= % o 8- HJ|* d > &
BLi2 g% fm¥e caspase-3 fr caspase-9 2z F-v FAILE o d [Fig. 11] B % &1 > B-GPlev P AgiE it fw
#z A caspase-3 {r caspase-9 0 & &5 puMs 10 pM+ K AR (xanthohumol) i®* = ¥ 12 5 »xdr4|caspase-3
fv caspase-9:iE it (P<<0.05) o 12+ &% BoF 5 K% (xanthohumol) = 3% e mbe = Kok Bk
RAFEL T e Tt R G o
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Fig. 10 Xanthohumol suppresses p-GP-induced apoptosis. Cells were cultured with or without p-GP in the
presence or absence of different concentrations of xanthohumol for 3 days. Apoptosis rates of VSMCs were
determined by flow cytometry following Annexin V-FITC and Propidium lodide (PI) staining. The bar
represent the mean + S.E.M. of three independent experiments. "P < 0.01 compared with control; *P < 0.05,
**P <0.01 compared to f-GP alone.
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Fig. 11 Xanthohumol suppresses B-GP-induced activation of caspases. Representative Western blot of
caspase-3 and -9. Protein bands were quantitated by desitometric analysis and normalized for variations in
B-actin protein levels. The bar represent the mean + S.E.M. of three independent experiments. P <0.05, *P
< 0.01 compared with control; *P <0.05 compared to B-GP alone.
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(xanthohumol) o g ,ﬁ“s’b‘m”e ALK ez P T - BT TR T L o A
Pfr* < B89 A fﬁ”‘m EE A LERPY (S glycerophosphatepgﬁ» s B AT 2 e R SRR o d P
% A3 FFE (xanthohumol) ¥ Fr & 4 fme & i+ 32 BMP-2 ~ B-cateninfrRunx-2:13-¢ # 4 I -

T e n S RPRE §F S 0t PROSEL ¥ 0 8 BPIBKIAKT AL > RUNX-248 65 3]+ e A feis

Moo P F I Y - XFEP § K% (xanthohumol) ¥ 12 i i Fe #rBMP/B- catenmﬂfrPI?aK/AKT’% IR R =Wl
Pl dmre o v i ie{edt i £ R o Fpt o § R AR (xanthohumol) i £ 5 B4 afE e it H A e T F R
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A F e £ AR T R G A F e AT iR B arALPerunx-z (Liu et al., 2016)
FEESTF R (xanthohumol) & B-glycerophosphate: <+ &lu ¢ T svimre o H03] 7 B ¥
F#r#BMP-24-Runx-2 4 31 5 -~ Alizarin Red S £2Von Kossaz ¢ > % P & K f& (xanthohumol)# 14 e+
F e oy LA 2 o BB F] T RUNX-2 Gk 4T 1 EALY BRI E & k4 o Runx-2 4
FIFF 5L BERE S gy 0 ¢ $5BMP{rWat/B-cateninit & @ :£5 £ (Zhan et al., 2014) - Fd # i &
& F]F RuNX-2 » ¥ 3 4o & F fmfe o it 4pRE 39 B ehA 2 0 @ 355 collagen type I~ ALP{rOCNE - f 3t
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B enhd oo Wtz & B ipe /s 1 & &~ 5 3 838 3]: Canonicalfrnon-Canonical > ¥ jé Canonical Wnti, & %
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M mE FE Y r me B TCFILEF %6 » £ 2 50 AT > 2@ (Hill et al,
2005) - A% ¢ BT o B B-cateninfrTCF/LEF‘é £ 15 > €75 P RuNX2fcd + + ek Fli 4k 0 Runx2+ ¢
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Background: Vascular calcification is highly correlated with cardiovascular morbidity and
mortality. It is characterized by phenotype transition from vascular smooth muscles
(VSMCs) to osteoblast-like cells. Xanthohumol is the most abundant prenylated flavonoid
in hops. Several studies have identified the protective effects of xanthohumol on the
cardiovascular and metabolic systems; however research on the effect and mechanisms of
xanthohumol on vascular calcification is still quite rare. Therefore, we used
beta-glycerophosphate to induce calcification in rat VSMCs to determine the effects of
xanthohumol on osteoblastic differentiation and VSMCs mineralization in vitro. Methods:
Incubation of VSMCs with beta-glycerophosphate for 14 days induced an osteoblast-like
morphological change. The mineralization was visualized by Von Kossa and Alizarin red
staining. Alkaline phosphatase activity (ALP) and calcium content were also detected. The
protein expression of osteoblastic differentiation markers and signaling pathways were
determined by western blot and immunofluorescence. Results: Our results showed that
xanthohumol significantly attenuated the osteoblastic differentiation and mineralization of
VSMCs due to decreased ALP activity, calcium content and sodium-phosphate
cotransporter Pit-1, Runx2, beta-catenin, and bone morphogenetic protein-2 (BMP-2)
protein expressions. Furthermore, xanthohumol inhibited beta-glycerophosphate-induced
protein expressions of MMP-9 and p-ERK1/2, which are known contributors to vascular
calcification. Conclusion: Xanthohumol attenuated vascular calcification by suppressing
osteoblastic differentiation markers and calcification phenotype through the blockade of
BMP-2/Smad1/5/8 and Whnt/beta-catenin signaling pathways. The present study will show
for the first time that xanthohumol can act as a potential phytochemical in preventing or
treating calcification-associated vascular diseases.
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signaling pathways were determined
by western blot and

immunof luorescence. Results: Our
results showed that xanthohumol
significantly attenuated the
osteoblastic differentiation and
mineralization of VSMCs due to
decreased ALP activity, calcium
content and sodium-phosphate
cotransporter Pit-1, Runx2, beta-
catenin, and bone morphogenetic
protein-2 (BMP-2) protein
expressions. Furthermore,
xanthohumol 1nhibited beta-
glycerophosphate-induced protein
expressions of MMP-9 and p-ERK1/2,
which are known contributors to
vascular calcification. Conclusion:
Xanthohumol attenuated vascular
calcification by suppressing
osteoblastic differentiation
markers and calcification phenotype
through the blockade of BMP-
2/Smadl/5/8 and Wnt/beta-catenin
signaling pathways. The present
study will show for the first time
that xanthohumol can act as a
potential phytochemical in
preventing or treating
calcification-associated vascular
diseases.
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