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Allium tuberosum Reverses PCSK9-Mediated LDLR
Degradation by Inhibition of HNF1la

Hyo-Kyoung Choi, Hyo Jin Kim, Jin-Taek Hwang, and Min-Yu Chung

Korea Food Research Institute

ABSTRACT Accumulation of excess low density lipoprotein (LDL) cholesterol in the blood can initiate and accelerate
atherosclerosis. Statins mediate the transactivation of proprotein convertase subtilisin/kexin type 9 (PCSK9), which
in turn limits their cholesterol-lowering effects via LDL receptor (LDLR) degradation. The objective of this study
was to investigate whether or not Allium tuberosum (AT) regulates LDLR and PCSK9. Mice were fed a low fat
control diet (LD) or Western diet (WD) supplemented with AT (1%, w/w). AT significantly attenuated total and LDL
cholesterol levels in mice fed WD (P<0.05). AT also significantly inhibited hepatic PCSK9 gene expression (P<0.05)
while AT maintained hepatic LDLR gene expression. To further investigate AT-mediated PCSK9 regulation, HepG2
cells were treated with 10% delipidated serum (DLPS) in the presence or absence of AT. Non-toxic level of AT
dose-dependently increased the LDLR protein level, and AT at 400 pg/mL markedly inhibited PCSK9 protein expression.
Similarly, AT significantly increased LDLR gene expression, whereas it significantly down-regulated PCSK9 gene
expression. AT-mediated reduction of PCSK9 gene expression is likely due to decreased hepatic nuclear factor la
(HNF1la) expression, but not SREBP2 in HepG2 cells under lipid-depleted conditions. AT-mediated PCSK9 inhibition
contributed to LDLR protein stabilization via protection against LDLR lysosomal degradation in HepG2 cells under
lipid-depleted conditions. Further investigation is warranted to determine the active components of AT and whether
or not these components are effective in reducing hypercholesterolemia.
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2 €| E homeostasis FAE fte] A Wo A F23H
ZHF = QA F 37t Bl sterol regulatory element—
binding protein 2(SREBP2)°|tH(2). ZFd ~HEo] & 3}
7ol ] SREBPs+ SREBP cleavage-activating protein
(SCAP)¥} 23 A el 2 ER membraned] =287 A},
W ZE 2HE0] 4 A (e E 50, 2B GE H&

o o3 FelxeHE FA7F WojR A 9)el A= SREBP-
SCAP ZAglo] #Zo]xHA SREBP+ ERol|A &A| & o]%3

t}. SREBPY] proteolytic activation®. & =X A & ¢t o
2 o]53F & SREBP+ EF3! #7219 sterol regulatory
elements(SRE)9} Agsle] Fal2HE ol #odst=
F42E2l LDL receptor(LDLR), HMG-CoA reduc-
tase(HMGCR)¢] &8l & 243}, o] 2 Ea) g5 e~
HE 32 Fo]54 5 A2 Ul LDL S &H S 42
Z7FsHAl " TH?2).
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B3 FZEo PCSK9 oAE &

FY2dE Aol BuF At Robinson 5(3)3 Sa-
batine 5(4)9] A+ A¥, 1 Fe~HE 5 A T ~E
g oE S 58353 9o LDL ZFEl~HE AP a5l
e} & 3RS thA S E proprotein convertase
subtilisin/kexin type 9(PCSK9) inhibitor?l alirocumab
(3)¢} elolocumab(H)& 22t FoIgk A7} LDL iﬂﬂ’\Eﬂi
Az a77F 60% ol F7Fekith ol g AT AAE
PCSK9¢] LDL Z#2=H & A7kl A28 Bl o= z}%g}
T dohe 7HEAAES BT gt

PCSK9& 7ol A& ®Hlol| A8t LDL &4 9
Azgtsto] 84S degradation A71H, o] = DL
d2E &9 clearanceE Wa|stA ¥t} Alirocumab$}
elolocumab % PCSK9 inhibitors W= FDA9] &7}= W
ARE, 1 kA SHel tig AE AAAE I F
ot} PCSK9S AAste= A& AAE ‘Q’%?ﬂﬁ}‘:ﬂ o] 31 s
2A7F 28" 583 3 52 59
dZolu FHzEHE ATLES NI 5 de XV’} iZH
2 Ak g AS Aol

-3 (Allium tuberosum)s &= AE5 A Ho] 4ikA|
ojm, ofe] oot FTtoA A8 o= AujeErt HFo
53 v ohat 3 539 §he) A (dimethyl sulfide,
diallyl sulfide) wii&olt}. 2] o & 7|54 oln] A+
Hol grf K59 ¢ oW 552 apoptosisE F7HAA
o] Fo]z W, o= HT-29 human colon cancer cells(5),
MCF-7 human breast cancer cells(6), Z22]3Z PC-3 hu-
man prostate cancer cells(7) 5 t}¥3h *ﬂi zds /\}%
<t ﬂ‘?’g— %OH u—o‘ﬂx\/\q. 7]1/]-”]1% °ls sk
A 8] H-3(2 g/kg body weight) Zﬂ%% Z
=2 FAAA, LDL ZU2HZ S
(7<0.05)(8). T3k, A Ao A F-or
W2 2E2502%, ww)e 12530 AlF
< A 7k 22 FAE dxzT g9
ATHO). AT AAA F-F FEES] Z
T R A 71AES 9l A A gloh
F FEE(Alllum tuberosum, AT)2] v}-$-
2HE A a5 el s

MAUEE ATSHAT,
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-3 (whole part)oll 108) F-3]] 70% o et&& £33
31 homogenizer(Polytron RT-2100, Kinematica AG,
Luzern, Switzerland)® 15,000 rpmol| 4] 10&7F 2 3}5}
Aot A E FEEL 2083 299 FES HIYs e
™ Whatman No. 2 ¢J3}-*](Whatman International Limit-
ed, Kent, UK)E o]-&3a}o] o]i}siqint. of #uk(filter cake)

& Heale] FUH PHoE WY FEagon, F514

&3 FA2HE AL &% 1279

ok AgelA ArTtaE FASNY olE FERE 7
3] 45 %71 (N-1000, Eyela, Tokyo, Japan)S A}-&3}of
FES F A A% g 24 A7A -20°Cell M Bkt
oﬂq_
A .

57BL/6 v}9-2=2 &
b3 , 12413
light- dark cycle)oﬂfﬂ A2 o] (2 0], %—TET—’F E AlFsto]
AFFELGiTh TEAES A3 AT SEAEEE LS
+AE Wol A THWKULI6-21).

AFA7E 7|22 o) 2 A7 & el vt 7 e
109 3 o vEleh A ool =
(LD; D14041701)E Al F3sla, gz 9= Western diet
(WD; high-fat, high sucrose; D12079B)E A &3} t}.
AE o= WDl 1%(w/w) ATE 44 A&t} 2
o]+ Research Diet/\}(NeW Brunswick, NJ, USA)ell A4 +

At WD BstE
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low fat diet

2 sucrose®} cellulose©] ™,

Ak © Z = corn oil¥} mllk fato] AFE-= Sl 2ol x4
2 Table 13 Zt}, A}qﬂﬂﬂl 13] 3tAC = AT B
Ao AHFS 24395, 125737 AFSe T 53515
g oo A EZ] (7,000 rpm, 30%) 3t A 343k
3, 7 AL AdSga AFE & A i do] F4
WEstal o] -80°Cell B #ak3itt.

& Y AHE, LDL Y HDL S AHE
AR E 4 A9 F FdU2HE, LDL ¥ high-
density lipoprotein(HDL) &~ H &S colorimetric 7]

Table 1. Ingredient composition of the diets fed to mice. Mice
were fed with either low fat control diet (LD) or Western diet
(WD) for 12 weeks

LD WD  WD+AT
Protein (% of energy) 17 20 20
Carbohydrate (% of energy) 73 43 43
Fat (% of energy) 10 40 40
Total energy (kcal/kg) 100 100 100
Ingredient (g/kg diet)
Casein 195 195 195
DL-Methionine 3 3 3
Corn starch 695 50 50
Maltodextrin 10 150 100 100
Sucrose 0 341 341
Cellulose, BW200 50 50 50
Milk fat, anhydrous 42.5 200 200
Corn oil 10 10 10
Ethoxyquin 0.04 0.04 0.04
Mineral mix S10001 35 35 35
Calcium carbonate 4 4 4
Vitamin mix V10001 10 10 10
Choline bitartrate 2 2 2
Cholesterol 0 1.5 1.5
Allium tuberosum (AT) - - 10
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oz 45kl oAl ¢k(Seoul, Korea)oll A Al &ah=
7] E(Total Cholesterol Assay Kit AM202; HDL Choles~
terol Assay Kit AM203)E A}&-3} a1, A8 A Aol u}
2t Agsgich

ZF X Z! total RNA2| =& 2! quantitative real—-time PCR
(gQRT—PCR)

b %22 RNAZ isogen¥ chloroforme ©]-&3&}o] 3
dtar, AlAste] A& total RNA4 pug)ZH-E cDNAE &
31t} qRT-PCR #2412 SYBR Green PCR Master mix
reagent(Thermo Fisher Scientific, Waltham, MA, USA)
E o] gdle] T e xHo® A6 tHBio-Rad CFX
Connect Real-Time PCR Detection System, Bio—-Rad
Laboratories, Hercules, CA, USA). =& A3+ GAPDH
o M} Ajd oz FEslE ATt PCR2 95°CollA 30%,
56°Cell Al 30%, 72°Cell A 30%°lA] 40 cycleZ Al =%
o, wpx]Ek 72°Co| Al 107F F7F= WH-g-8he] g shA]
Aot S%9 B dlolH = vl cycled] 72°C, 30 TA ol
A FREAT Al AR Zetolw = TR} AT
PCSK9< Forward 5 -GGCTATGTCATCAAGGTTCTA-
3’, Reverse 5'~-CAGGTCACTGCTCATCTT-3’, LDLR<
Forward 5'~-GGGTTGATTCCAAACTCCATTC-3’, Re-
verse 5 ~TCCGATTGCCCCCATTG-3’, &3l GAPDH
+ Forward 5 -TGTGTCCGTCGTGGATCTGA-3’, Re-
verse 5'-CCTGCTTCACCACCTTCTTGAT-3’¢] Al-&
Ak Ad 98 2 standard deviation(SD) value®
comparative methodS A}&3}e] A4t}

ox, M

HepG2 M|Z HHQF

HepG2(human hepatoblastoma)= ATCC(HB-8065;
Manassas, VA, USA)ol A F+ufjste] DMEM(DMEM-high
glucose; Corning, Manassas, VA, USA)4l 10% fetal bo-
vine serum(FBS; Welgene Inc., Gyeongsan, Korea), 1%
antibiotics/antimycoticsE #7}sFe] 37°C, 5% CO, =7
9] incubator(Thermo Scientific BB15, Thermo Fisher
Scientific)ell A ] &3kl Tt

MTT assay

HepG2 AZE7} ¢ 70% confluenced] =239 S o
trypsin~EDTA(Welgene Inc.)E ©]&3lo] AxXE woj
a1, 96-well plate©l seed 3} tHday 0). 24717F o] 5, A
¥ Z cold DPBS(Welgene Inc.)& 23] A& 3 & A} DMEM
X2 wA AT o)u &4 2> DMEM+ 10% FBS
& AHelsta, A dizatol= DMEMe Aol A4 ¥ FBS
(delipidated serum, DLPS, 10%)%} 1% antibiotics/anti-
mycotics(DMEM+ 10% DLPS)E F7Fste] 24413k St
incubation 3+t day 7). DLPSE A& £ ol ule} Az
SHL(10), A 2 I ~HE 3 S4& 3 A9

A AAE A8t wiAE A8kl cold DPBSE 2
3] A% % &, fresh DMEM+ 10% FBS % DMEM+ 10%
DLPS® 74z} mgtsgit. oju) A3 wol= DMEM+ 10%
DLPSe| ATE X% (50, 100, 200, 400 pg/mL)Z =23}
AtHday 2). 18417} incubation $-(day 3), cold DPBS®
23] Al-3taL FBS7F 2357 &2 WA= wA G b 3-
(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT; Sigma-Aldrich Co., St. Louis, MO, USA)
solutione Hix|ell H7}sle] 2A17F &< vl st o] %
A ¥ blue formazan= DMSO9I| £-33}o] 570 nm<} 630
nmell A microplate reader(SpectraMax 190, Molecular
Devices, Sunnyvale CA, USA)E A}-&3lo] Al HESS

St

Western blot

HepG2 A E7} ¢k 70% confluencedl] =E3}%9S uf 6
well platedl] MEE seed 3t THday 0). 24X - NEE
cold DPBS® 23] A%k th3 A DMEM i 4| = 4]
o} ol &4 vl Zwtol = DMEM+ 10% FBSE A @8kl at,
GAZato = DMEM+ 10% DLPSE #7bsle] 24A|%F
59 incubation A tHday 1). ¥IAE AASI cold
DPBS®Z 23] A& ¥ fresh DMEM+ 10% FBS =&
DMEM+ 10% DLPS2 74zt mgtsigit, ojuf H3tol=
DMEM+ 10% DLPSe| ATE 50, 100, 200, 400 pg/mL=E
285t tHday 2). 18417t incubation $-(day 3), cold
DPBSZ 23] M&sta MEE 3435t YA#2(1,200
rpm, 3%) 3Fo] €& pellet= cell lysis buffer(Cell Signa-
ling Technology, Inc., Danvers, MA, USA)& lysis 3},
bradford assay® o= @A A} th(Bio-Rad Lab-
oratories). & 15 nug9] @ A& 8% SDS gelol] A719 &
3FaL, 34 [PCSKI(Circulex, Medical & Biological Lab-
oratories. Co., Ltd., Woburn, MA, USA), LDLR(Bio Vision
Inc., Milpitas, CA, USA), hepatic nuclear factor la
(HNF1a; Cell Signaling Technology), SREBP2(Cayman
Chemical, Ann Arbor, MI, USA), Actin(Bethyl Labora-
tories, Montgomery, TX, USA)]E ©]&3}9] western
blottingS 3}%t}. Enhanced chemiluminescence(ECL)
solution(Pierce Biotechnology, Rockford, IL, USA)dl|
incubation ¥ ¥, 34 @l o] bandE detection ST

(Bio—Rad Laboratories).

% [
@

2}

Total RNA2| =& % gRT-PCR

A ZY2HE 584 23 349 Fdxe] 2E S
=743}7] 918t} qRT-PCRES =331tk HepG2 A7}
¢F 70% confluence®] =23}%S W 6-well plated] A%
2 seed 8t tHday 0). 24Xt & A XS cold DPBSE
23] A& ¢ b A DMEM HiA| 2 A ekSict. olwf -d o
%= DMEM+ 10% FBSS A glat9, %A ool



B3 FZEo PCSK9 oAE &

= DMEM+ 10% DLPSE #7}éte] 24413t <5<t incubation
39 tHday 1. ¥iAE AABLAL cold DPBSZ 23] A% 3
% fresh DMEM+ 10% FBS -2 DMEM+ 10% DLPS®
Zkzy ageeitt, olw Al = DMEM+ 10% DLPSe
AT 400 pg/mLE &A1 At} (day 2). 18413t in-
cubation ¥(day 3), cold DPBSE 23] AlFstaL, AEE
S8kl total RNAE FE3}13L, 5 4 uge RNAZ |43}
o] cDNAE ¢4 3kl qRT—PCR 42 SYBR Green
PCR Master mix reagent(Thermo Fisher Scientific)&
o] &3t thg Z-e 082 A tk(Bio-Rad CFX
Connect Real-Time PCR Detection System, Bio—Rad
Laboratories). & 23+ GAPDHel w2l Ay oz 4
ZslE] ). PCRS 95°Coll A 30%, 56°CollA] 30%, 72°C

oA 30X 40 cycle® Ao, mpx]ak 72°Col A
1083 F7h2 wg3te] s SHe) RE vlolE]
= " cycle?] 72°C, 30% Aol A /\Z]Q AT B A
AREE ZgolE tS3 gk PCSK92 Forward 5'-
GGCAGGTTGGCAGCTGTTT-3’, Reverse 5 -CGTGT
AGGCCCCGAGTGT-3’, LDLR< Forward 5'-AGGAGA
CGTGCTTGTCTGTC-3, Reverse 5'-CTGAGCCGTT
GTCGCAGT-3’, SREBP2+% Forward 5'-CGGTAATGA
TCACGCCAACAT-3’, Reverse 5'~-TGGTATATCAAAG
GCTGCTGGAT-3", HNFlas+ Forward 5 -TGGCGCAG
CAGTTCACCCAT-3’, Reverse 5'-TGAAACGGTTCCT
CCGCCCC-3’, z8]a GAPDHE Forward 5'-ATGTTC
GTCATGGGTGTGAAC-3’, Reverse 5 -GCATGGACT
GTGGTCATGAGT-3"0] AF&H k. RE ¥k 39k
o2 AlgHgoen, FJiA Ed 9 SD valuew com-
parative methodZ A}-&38Fo] ALFslS o)

LDLR®| lysosomal degradation Z! CHHHE! St

HepG2 M E7F ¢F 70% confluence®] =E33S u,
6-well platecl] AEE seed OPoﬂ Hday 0). 24X1%F T A
X E cold DPBS& 23] A#3 tbg fresh DMEM+ 10%
DLPSE #7}sle] 2447k %?} incubation 3t tHday 7).

&3 FA2HE AL &% 1281

W2 & A AsIaL cold DPBSZ 23] A|&3 F, fresh
DMEM+ 10% DLPSE #7t3t%l31, ol lysosomal deg-
radation inhibitor$! bafilomycin A1(BA1; Sigma-Aldrich
Co)S 0 = 50 nM A8k, 0 B+ 400 pg/mLe ATE
FAl A8t day 2). 18413} incubation $(day 3),
cold DPBSZ 23] A|H3ta AXE 3|53t ivt. dilite]
(1,200 rpm, 3%) 3, AXE pelletS 44t} LDLR vz
T 24 AFE A8 day 1714 S L3H ﬂﬂo}"idr
Day 29| vjA| & #|A3}al cold DLPS® 23] A#3 %

fresh DMEM+ 10% DLPSE #7}sla 0 =& 400 ng/mL
o] ATE A3 th. 2447 incubation 3 T2 day 39l
= gald A oA A2l cycloheximide(CHX; 5 ug/mL;
Sigma-Aldrich Co.)& #&ataL 0, 1, 2, 4, 8417+ - Al
= 343l 99 o2 western blotS A A3k T}

EEM

2 A= Ha 33 Wl g Ht H BFEAE
FABEA oH, ZF AFT-E izl

ATt 7t AEar ke =
A&t A8ttt F A A2 GraphPad Prism(ver-
sion 5.0, GraphPad Software, La Jolla, CA, USA)E o]-&
33T,

wn
g
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Kl

Zn o

AT HEAl0|e| S AHE =H &5

WDE A w29 85 5 ZH2HE 3% LD
Hxwd & FUzHE FFE o250 H3rkFig.
1. AT BZdol& aFd2HE 3] =€ WD+ v}
§-229] & FolzHE, HDL 9 LDL FelzHE 258 &
oA FFEoF WFFEIJATHIX0.05).

A Aol A B FE2202%, w/w) LA Ao
H|gho] f g npe-2o A AT 1+ 24 FAE 4o
2 A A THX0.05)(9). tﬁﬁh %‘——% %%%—8— k3 2
ZA oA Aukte] =2 W x|}k

A ~ 250 B -~ 200
z i T
o - {=>]
£ 200 £ 1501
B *kK 3 L
2 150 o
- 2 1001
E 100 == E
3] O 501
E 50' al
© T
Fo ool 0l—
LD WD WD+AT LD

[<:]
o

i

LDL Cholesterol {(mg/dL)
n B
.9

o
e

WD WD+AT LD WD WD+AT

Fig. 1. Allium tuberosum (AT; 1%, w/w) supplementation reduces total (A), HDL (B), and LDL (C) cholesterol concentrations
in mice fed with a Western diet (WD). Values are means+SD. Significant differences were compared with low fat control diet

(LD) at
t-test.

#p<0.001 by Student’s #-test. Significant differences were compared with WD at "P<0.05 and "~ P<0.001 by Student’s
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AS 20 85
w w
x® 15 T e o 3
ax 23 T Fig. 2. Allium tuberosum (AT; 1%; w/w) supple-
3 "!.J, | g mentation does not affect hepatic LDLR gene ex-
=R 1.0 25 2 * pression (A), and downregulates hepatic PCSK9
%2 ':-;-2 gene expression (B) in mice fed with a Western
T2 057 T2 M diet (WD). Values are means+SD. Significant dif-
2 1 L ferences were compared with WD at *P<0.05 by
£ 0.0l £ 9 T Student’s #-test.
LD WD WD+AT LD WD WD+AT
A 1201 T B Fig. 3. Allium tuberosum (AT) dose-dependently
100pmmy (== P T 10%FBS + - - - - - enhances LDLR protein expression and attenu-
= | 10% DLPS S T T B ates PCSK9 protein expression in HepG2 cells
= g 80 AT (ug/mL) - - 50 100 200 400 cultured in lipid depleted condition. HepG2 cells
25 1 were treated in a medium supplemented with
E < 60-. LDLR | : : : : : 10% fetal bovine serum (FBS) or 10% delipi-
g : 40- dated serum (DLPS) with or without AT (50, 100,
< i p————— 200, 400 pg/mL). Cellular cytotoxicity was de-
20_ PCSK9 = termined using MTT method (A). HepG2 cells
- en e e .. treated as described above, and LDLR and
0 T T T T T T were ]
10%FBS + - - - - - PCSK9 protein expression was measured using
10%DLPS - + + + o+ o+ Actin | - ——— — western blot analysis (B). All data are expressed
AT (ug/ml) - - 50 100 200 400 as mean+SD from the samples of each group.

ZATH9). 71UF] 25 o] &3 At = F3=(2 g/kg body
weight) = 8% A A (Fd2=HE, LDL Zd=HE, 47
4 3)9 FEE AR FAAA F59 3 ANd &
HAANNA 5 FE2EY Fu -

]eﬁ 3l A oﬂ
CSK9o]ah=

oli‘
=2
o)

AT HEAl0|Q] ZF =X L} LDLR, PCSK9 §XIX} @il =&

ATE] LDLR ¥ PCSK9 T3 g4 Fdz=EHE A
7 &S W37l 95kl 1 24 W LDLRY PCSK99]
Az HEFSs S48 RT-PCR 3 A3 1+ 24
Ul LDLRS] =S 15 1+ Fo A Wshr sldohFig.
2). LD} WD 7+e] zpoli= e & olx] gAINt, AT B3
Aol 2k 24 1) PCSK9®] #44 BAFS frod 43
(FX0.05) 0.7 A=, 1E E3ko] ATS] PCSK9 %=
A(A) 7FsAdS T 4 9

ATS ZH2=HE A &%

o
ZHS

ﬂﬁm

N 32
d

flo o

11 el ol Ay

F(E E°1, HMGCR &4 A 5)o] obd PCSK9 A
9} o] F3 LDLR 48 57 52 doj% LDLRE AAA
717 e 71dE S8 ol FoAE 5T F AUt o]
ATE 712 2~EEl ko] 7} 31 9%l PCSK9 578 &3t
cholesterol tolerance atolgte= A M S FE3E 5= 9l
= AFE 2AZAN AdE 4 Qth

HepG2 MIZOIA ATS| LDLR, PCSK9 EHEHE! Hi5{ XX
B AFo M= HepG2 A EE o] &3to] AT Zd|AH)

Z A AR AYSS Wl ozt skqlch Adeisitel uhe)
DLPSE A %3}31(10), HepG2 A 3¥E DLPSel incubation
slo] Apo] A AE SR vHEo]FArh ATE 50, 100,
200, 400 pg/mL FE= A3 F cell viabilityS MTT
solutions ©]-&3fte] SA3}3IE. L A7 AT 400 pg/mL
SR = cell viabilityol] &S 4] F2S <4 = AN
tH(Fig. 3A). HepG2 Ao A DLPS %3+ wj=] w3 10%
FBS X3 afx]o] v} cell viabilitys ¥4 &S &

T AU
54 9l 52 ATE Aol AHe]ste] PCSK9¥} LDLR
ke 245 western blot 7| o2 SH3A Y. AT 400

pg/mlL % 2]= HepG2 A EoA LDLR] whulzd urgl o
T oEHog F7MAATHFig. 3B). ATE 53] 400 ng/
mLo A PCSK99] ©ruld wta S #alslA oA S o 4
2121 THFig. 3B). ol PR whs} o] PCSKIS LDLRS]
bl w2 Aol A A E el 4(10% DLPS A e])
10% FBS ARt Z7ts-9 o).

FelzEE 1 AejolA AEE SREBP2 dARSIAH]
24 Fx& E3d HMGCR, LDLR, PCSK9 59| A=} o
AdS 77 5 AE W FH2EE S dAUSE

o
ZHs A1 71}, weka] PCSK9 inhibition A ¥ha Al =8l
HEA AMEE FUzEHE 12 JEHE BEojFsoR

:‘TT:_T
A PCSK9S 7141714, 71 “Fejoll A inhibition AEE &
A Aol BAHYL & 5 Y9ieh

HepG2 MIZZO|Al ATS| LDLR, PCSK9, SREBP2, HNF1a
QR W =W

AT PCSK9 9lA4] @ IDLR & &z1& %43}

rir

2

[e]
T



53 F&E9 PCSK9 dA& & Fu=HE A% &% 1283

3 FBS
4 - 3 DLPS
B DLPS+AT400
e ? 31 fiisia
¥ st
o Q 24
&5 =
m é 1- Fokok #
0 ) ) L L] ’ ) ) L L] -
LDLR PCSK9 SREBP2 HNF1a

Fig. 4. Allium tuberosum (AT) significantly enhanced LDLR gene expression and significantly attenuated PCSK9 and HNFla gene
expression in HepG2 cells. HepG2 cells were treated in a medium supplemented with 10% fetal bovine serum (FBS) or 10% delipidated
serum (DLPS) with or without AT (400 pg/mL). Expression of genes (LDLR, PCSK9, SREBP2, HNFla) was measured using
quantitative real time PCR. All data are expressed as mean+SD from the samples of each group. Significant differences were compared
with FBS at *P<0.05 and "*P<0.001 by Student’s -test. Significant differences were compared with DLPS at 'P<0.05, "'P<0.01,

and ~P<0.001 by Student’s #-test.

A R HARIAL S WEHS qRT-PCRE 4 3F3itt. AW A=t Al2Ee] 82~ 8E homeostasis FA 713 25l
o] AAHE efel A HepG2 AE<] PCSK9, LDLR 18] 31 o] g Blo|th. AT+ SREBP29] A WS A7)
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Fig. 5. Allium tuberosum (AT) reverses LDLR protein synthesis inhibition and protects against lysosomal degradation. LDLR protein
expression was measured 0, 1, 2, 4, and 8 hours post-treatment with cycloheximide (CHX; 5 pg/mL) in HepG2 cells supplemented
with delipidated serum (DLPS). LDLR proteins expression was measured using western blot (A). HepG2 cells were treated with
DLPS in the presence or absence of Bafilomycin Al (BA1; 50 nM) and AT at 400 pg/mL, and LDLR proteins expression was
measured using western blot (B). All data are expressed as mean+SD from the samples of each group.
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