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I ABSTRACT |

Background: Lectin-like, oxidized, low-density lipoprotein receptorreceptors (LOX-1) recognizes recognize vascular oxidized
low-density lipoprotein (LDL), which may play an important role in the pathogenesis of atherosclerosis. We investigated the ex-
pressions expression of LOX-1 and redox-regulating thyoredoxinthioredoxin systems in a hypertension and hypercholesterolemia
rat model. Methods: Spontaneously hypertensive rats (SHR) and Wistar-Kyoto rat (WKY) rats were fed with a normal cholesterol
diet (NC) and a high cholesterol diet (HC) for 4 weeks. Plasma LDL cholesterol levels and blood pressure were measured at 1 and
4 weeks. Histological changes of atherosclerosis in the vessel was evaluated by hematoxylin and eosin staining and
immunocytochemistry. The expressions expression of LOX-1 and thyoredoixnthioredoxin were measured by Western western blot
analysis. Results: In the SHR groupsgroup, blood pressure after 4 weeks was significantly higher than initial levels. LDL-cholesterol
levels in the SHR-HC group were increased at 4 weeks (15.3 + 2.6 mg/dL vs. 20.2 + 2.6 mg/dL, p < 0.01) compared with the SHR-NC
group. In oxyblot analysis, the degree of oxidative stress of in the SHR-HC group was significantly higher than in the SHR-NC group
(p <0.05). The expressions expression of LOX-1 and Trx were was significantly increased in the SHR-HC group compared with
the SHR-NC group (p < 0.05) on western blot analysis. Focal overexpressions overexpression of LOX-1 were was observed at the
intima layer of the thoracic aorta, and was which wereonly observed in the SHR-HC group. Conclusions: The expressions expression
of LOX-1 and oxidative stress were was significantly increased in the “hypertension with hypercholesterol” rat model. These findings
suggested suggest that LOX-1 and redox systems may play a certain role in development and progression of atherosclerosis.
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3. Western blot analysis

A&t 2715 212 homogenized 3+ F 4 mL2] solubi-
lizing solution (0.5% NP-40 10 mM, Tris HCI [pH 7.2]
150 mM, NaCl 1 mM, PMSF 0.111 unit/mL) = 307+
FaAZIk sLst ko] (100 ug)S 10% SDS-pol-
yacrylamide gel°ll &&&1
membrane (Millipore, Billerica, MA, USA)S- ©]-851o] %17]
453 western blot2 AT 5% non-fat milk®

% 1% AZ thioredoxin (Lab Frontier,

poly vinylidene difluoride

blocking ot
Seoul, Korea), LOX-1 (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA)= WHS-AIZt} PBS containing
0.05% Tween-20 B = o]&ato] AHTE 5, 4°ColA 2
2} &A1 peroxidase-linked rabbit antibody (Amersham
Pharmacia, Piscataway, NJ, USA)E YH$- A]Z1 & ECL
Western blot detection kit (Amersham Pharmacia)X®
LOX-13} thioredoxin®] S S 33tk

4. Oxyblot analysis

FUst ko] Tl E(20 ug)= 1% SDS-polyacrylamide
geloll &1l 171955 A3, Blocking} dilution
W (Oxyblot kit, Millipore)E ©]-2-5}] 14|17} 59 HHS-A]
70tk Aol A 121 A2 221 A (Oxyblot kit) 2} 1A]7F
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FAIAR] 412 Prism ver. 5.0 (Graph Pad Software Inc.,
San Diego, CA, US A) X2 135 o]g3lo] #2435},
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#%—71 ke 15 3 1 HYUTHSHR-NC 1725+ 16.1 mm
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1.7+0.1 mm; p <0.05)°] B]&t] F-25kA S7he AuF
9 A& RSItTable 1, Fig. 1).
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Table 1. Baseline characteristics of blood pressure and left ventricle wall thickness

Study WKY SHR
period NC HC NC HC
Body Weight (g) 1 wk 1342 + 43 1367 + 3.8 1346 + 45 1373 + 6.2
4 wk 2839 +72 276.9 + 10.2 2573 + 98 2812 + 75
SBP (mm Hg) 1 wk 127 +132 1071 + 47 1725 + 1617 1736 + 817
4 wk 1487 + 8.1 136.6 + 10.1 1919 + 166" 1953 + 62"
Wall thickness (mm) 1wk 12 £02 12 + 01 13+ 01 13+ 01
4wk 16 +03 17 + 01 22 + 02* 21+ 01*
LDL (mg/dL) 1 wk 68 +15 76+ 06 75+ 06 54+ 09
4wk 102 +28 153 + 45* 15.3 + 2.6* 202 + 26

n=>5 in each group,

WKY, Wistar Kyoto rat; SHR, spontaneous hypertensive rat; NC, normal cholesterol diet; HC, high cholesterol diet; LDL, low density lipoprotein;
SBP, spontaneous hypertensive rat, WKY-NC, WKY-HC vs, SHR-NC, SHR-HC, p(0.01; Wall thickness, WKY-NC, WKY—HC vs, SHR-NC,
SHR-HC, p (0,05; LDL, WKY-NC vs, WKY-HC, SHR-NC, p (0,05, WKY-NC, WKY-HC, SHR-NC vs, SHR-HC,

*p (0,05, Tp (0,01,
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Fig. 1, Change of blood pressure and left ventricular wall thickness,
(A) SBP change at 4 weeks experiment; WKY—-NC, WKY—-HC
vs, SHR-NC, SHR-HC, p {0.05, (B) Left ventricular wall thick—
ness at 4 weeks experiment; WKY-NC, WKY—HC vs, SHR—NC,
SHR-HC, p ¢ 0.05, SBP, systolic blood pressure; WKY, Wistar
Kyoto rat; SHR, spontaneous hypertensive rat; NC, normal cho—
lesterol diet; HC, high cholesterol diet; LDL, low density
lipoprotein, n=5 in each group, *p ¢ 0.05.
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Fig. 2, Change of plasma low density lipoprotein levels, Plasma
LDL level; WKY-NC vs, WKY—HC, SHR-NC, p { 0,05, WKY-NC,
WKY—HC, SHR-NC vs, SHR-HC, p { 0.01, WKY: Wistar Kyoto
rat, SHR: spontaneous hypertensive rat, NC: normal cholesterol
diet, HC: high cholesterol diet, LDL: low density lipoprotein,
n=5 in each group. *p{0.05, 'p{0.01.
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Fig. 3. Expression patterns of oxidative stress in thoracic aorta,
(A) Oxyblot analysis of thoracic aorta, WKY—-NC vs, WKY-HC,
SHR-NC, p {0.05, WKY-NC, WKY-HC, SHR-NC vs, SHR-HC,
p {0.01. (B) Representative figure of oxyblot analysis, (C)
Expression patterns of TRX in thoracic aorta on western blot
analysis, WKY-NC vs, WKY-HC, SHR-NC, p 0,05, WKY-NC,
WKY—HC, SHR-NC vs. SHR-HC, p (0.01, (D) Representative
figure of western blot analysis of TRX, WKY, Wistar Kyoto rat;
SHR, spontaneous hypertensive rat; NC, normal cholesterol
diet; HC, high cholesterol diet; TRX, thioredoxin, n=3 in each
group, *p(0.05, 'p(0.01.

RHATHWKY-NC 10.2 +£2.8, WKY-HC 15.3 4.5, SHR-NC
15.342.6 vs. SHR-HC 20.2 +2.6; p<0.01) (Table 1, Fig. 2).
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Fig. 4. Expression patterns of lectin—like oxidized low—density
lipoprotein receptor (LOX—1) in thoracic aorta, (A) Expression
patterns of LOX—1 in thoracic aorta on western blot analysis,
WKY-NC vs, WKY—-HC, SHR-NC, p ¢ 0,05, WKY-NC, WKY—HC,
SHR-NC vs, SHR-HC, p{0.01. (B) Representative figure of
western blot analysis of LOX—1, WKY, Wistar Kyoto rat; SHR,
Spontaneous hypertensive rat; NC, normal cholesterol diet;
HC, high cholesterol diet, n=3 in each group, *p 0,05, Tp (0.01,

Fig. 5. Histological findings of thoracic aorta, (A-D) H&E stain
findings of thoracic aorta, (E) Immunohistochemistry finding
in SHR-HC group, white arrow tips indicated lectin—like oxidized
low—density lipoprotein receptor expressions, WKY, Wistar
Kyoto rat; SHR, spontaneous hypertensive rat; NC, normal
cholesterol diet; HC, high cholesterol diet,

4. LOX-19] LroiQky

A 45 & &3 FH dsHs o] gste] Algst
western blot 4]0l A LOX-19] &3 kAl AAF2lo] o
Z(WKY-NC)ol| H|3to] yw=] ol FeletA =9k
S H(p<0.05) (Fig. 4), A F o] 1 HU(SHR-HO)®]

20714 - 40| - BT 2AEQ - AR - AHA

A= aAF A o] thERTHWKY-HC) & FAk2lo] mEeh
(SHR-NO)°l| H]3}e] f-o]3HA| 2 A& H3itk(p <0.01)
(Fig. 4).

ChFig. 5A). 3FAINE A3 AAeA] 1A F 2]o]
H(SHR-HCO)A d3 W=k(intima)oll =
9] zojulao] #zkE| Q) Fig. 5B).

;“c

A LE aAET AR ekt

Els ’Lﬁr{:__ﬂﬂ/\(omdatlve stress) S sl HEH O

2 2238 v Zrhst B/J Ak (reactive oxygen species) ]
2rglo] ot absl-ghl Al e] AZhet Bt dS Al
Bk el 9] LOX-19] FJEE e AsiaEe Al
7k} AtE o] Qo G A glom, FHske]

Ak Aol wojshs Aow deA Ih? LOX-12
ox-LDLe|l thgh =82 A 9] gk & ope}, It

140 W, AFATY o) Sl wofate] Aol
QENHET} QAPo] LeiA gon], 1 A NF A

M dlo] 75 e Hlﬂ JJr A

it
i)
Hu
o

2,

fo Mo
L)
2
SIS 54

o 4

R
=
b
Ei
1)
o,
=2
_>_
m{n
e
_10
ik

Q19 2 3=, TNF-a, TGF-p, endothelin-1, angiotensin II &
9] #}9J A+ ox-LDL, homocystein, superoxide anion,
advanced glycogen end products 52| At3}shA|S] S+
e sk B4 Aol LA ek

LOX-1& 5°l= ©<=3] ox-LDLY F&AZ <A

J Korean Soc Hypertens 2011;17(2):57—-64 61



DER-TNX|ES i THO|A Lectin Like Oxidized Low Density Lipoprotein Receptor—12| gt54

o‘Jr 1 el ﬁﬂrﬁM*ﬂE«l 7Ts elE dog, o
7

(foam cell) 53"44 Aol e Ao defAa
OLO e STAEY] FA9 o)Fo % Fojshs 1o
2 4A vk LOX-1-2 F8A17F 2dstd 5 1 A4A)
7P AZAGA AR AT st} A EFA 9} HlF
of o1 QIAFSl ERK1/2, NF-kB 52] 23S S571117]
A Z AL AHE pro-apoptotic A1 Q! Bax2] W
% 7711, anti-apoptotic AT A9 Bel-22] S
HEAA AEIALE o7l RAow A ekt
131 -] 29 LOX-19] Zedirdo] AlaeA= 4
A& A (cardiac remodeling)S D C7]3,") thEm oA
T A9 FEI S FAdo Hojshs Aow
oz ek, ol d Axp= AZA(in vitro) B ZA
o] mauEglom, A W A(in vivo)
o] A= opF] AlgHAlo.

B ATels aAAelE T8 18-
= gsiela, aEstel gk #4149 v

I %It Table 1). LA A A 0]E Alsiet 2t T
(WKY-HO)elIA 47 § dF AUEADGN] st
9&}A Z7FsFItKTable 1, Fig. 1). T3k 1414 2)0] 11
UL (SHR-HO) oA EF Ad=Aw 9] 57} 7H
HA5] St Table 1, Fig. 2). 18] 55 ts
219 LOX-19] ¥ S7F5 western blot #2415 53191
g1t om T ENSHR-NC) 2 1A FFT(WKY-HC)
oA YhZETH(WKY-NC)ell Hgto] ado] dAletA 57t
w9lon], WY} 1A HHSHR-HC)S FHEEE ol
7 AA3] Sk ERlskSithFig. 4).

1A G g ardstel Qste] ARAE 2] T}
gsHA i, Absk-gke Al Al Wl S skl
thirordoxin (TRX) A2 @/48h7} dojupm] F#]ofA
TRX S| @3lo] Z71s €)Y TRX: ATAZE 582
A oAz, 3 B Alxe 4, v% 9 3AL
(apoptosis) 5ol I3}, NF-kB, AKT, ERK 5% v}
S AT AGA A Y] Tl wrofsh= A ow defA|ar 9l
oh' o3k AEAGAA L] B 2ol AvF

=)

o

e

e

62 The Korean Society of Hypertension

2l 50 S-S HolAl Hu, A5 AlEaAkel o
#¥lo] 2143 B3] Felz wstel HAw A
=z gl TRX S ojwrad e wgel
A, AR 5o A AdelA Tydthy

Was glow " Fuiske] wAys} Qe
TATRE AR AR Aol
8

—

s
(o3
2
2,
re

B Ao s ABtAE A9 3e)udS oxyblot
A 1L, o= Z47He] SldApt Soke
5 ool %7}%‘% gIslet. 53], ndY
St T(SHR-HC)oIA AA3] T71ehs &
ﬂé}%‘t}ﬂrig. 3). TRX S| & 4 &I A] oxyblot w414
He} YAGHS BRIsto] ASIAEY A FTtel] 2]
TRXE] 29 S77F o= &}l & + AU Th(Fig.

=
N
ek
olN
rulo
rE

3). sHAIRE A EA AL FHEsNe] FAS B
ol FAg = gllov, nE} IAETE 5
HEsk oA g%‘ﬂﬂ(m‘uma)oﬂfﬂ X0 FE LOX-19

el S WY

oﬁt
ot
O
_!é
2
o
i)
o
ol
ol
37
K

i
r_lo.lt
E
G
2
ok
o\
N
s

Q_,\'

O
it h=2E=1 = %) b

SRk e glskA] kit

A7 Ao rs I FHEshte] 3
A& ERIE] flste] T 717 B9k 1@s 3 1A
T RES FAEHA X Aolrk WiaollA 1AE o]
= 5% FHEel s shte] dAdE 8-125 ¥
of AlzbEvhE Bt ‘EM PR Al ol 1Y

offt
=
o
ot
FE
e}
el
re
o



2 o

A7u)73: Lectin-like oxidized LDL receptor (LOX-1)
< A sk W Ao Fash S sk Al
g ol & AgelMs ndg aA48S

Eelell ] d¥k 224 LOX-12} Ate)-21el 7]
221 thioredoxin (TRX)S] &%k

. JAF2o](normal cholesterol diet, NC)2} 14| 2
Z2]0](high cholesterol diet, HC)S A|&at A S+
(Wistar Kyoto rat, WKY)3} 118 (spontaneously
hypertensive rats, SHR)ol|A &St} An]5-2] ®3}E 1)
Wk, AR EY A waoRY 9 HF AU TR o
Aol S/ R dle e 24
¥ vlwalt

2k 3
gl A2 o] nEhrelA AAs] 71k a1(p<0.05),
dT AL AduAe] F7h= g4 o] thEr(WKY-
NO)& ALlet BE TollA dA3] 71 AU ch(p<0.05).
ASIAE 2] HH A AAdAle] tlET(WKY-NC)=
Aelgh = el #AE] F7HAS ©H(p<0.05), TEH
ZA oA LOX-17 TRXS] &l A Fakalo] dizr
(WKY-NC)S AQst BE ellx] dA3s] 71+ ek
(p<0.05). W F7A A A d2lo] E oA &
hfutoll A LOX—191 ey S A

<

1o
BN
i)
rO  d

f
=
=

AL 1 W EFa X

ek

Iz

pul

o4 LOX-13} TRXS 43l

o} Z7}9) An|so] uho. AE 4575 HAlAlo]

References

1. Ogura S, Kakino A, Sato Y, Fujita Y, Iwamoto S, Otsui K,
et al. Lox-1: the multifunctional receptor underlying car-
diovascular dysfunction. Circ J. 2009;73:1993-9.

2. Kang BY, Hu C, Prayaga S, Khaidakov M, Sawamura T,
Seung KB, et al. LOX-1 dependent overexpression of im-
munoglobulins in cardiomyocytes in response to angio-
tensin II. Biochem Biophys Res Commun. 2009;379:395-9.

3. Navarra T, Del Turco S, Berti S, Basta G. The lectin-like

10.

11.

12.

13.

14.

ZI7|M - 40| - HILL T} ZEQ -

oxidized low-density lipoprotein receptor-1 and its soluble
form: cardiovascular implications. J Atheroscler Thromb.
2010;17:317-31.

. Kume N, Kita T. Apoptosis of vascular cells by oxidized

LDL: involvement of caspases and LOX-1 and its im-
plication in atherosclerotic plaque rupture. Circ Res.
2004,94:269-70.

. Koharyova M, Kolarova M. Oxidative stress and thio-

redoxin system. Gen Physiol Biophys. 2008;27:71-84.

. Hofnagel O, Luechtenborg B, Stolle K, Lorkowski S,

Eschert H, Plenz G, et al. Proinflammatory cytokines regu-
late LOX-1 expression in vascular smooth muscle cells.
Arterioscler Thromb Vasc Biol. 2004;24:1789-95.

. Li DY, Chen HJ, Staples ED, Ozaki K, Annex B, Singh BK,

et al. Oxidized low-density lipoprotein receptor LOX-1
and apoptosis in human atherosclerotic lesions. J Cardi-
ovasc Pharmacol Ther. 2002;7:147-53.

. Nowicki M, Muller K, Serke H, Kosacka J, Vilser C,

Ricken A, et al
(oxLDL)-induced cell death in dorsal root ganglion cell

Oxidized low-density lipoprotein

cultures depends not on the lectin-like oXLDL receptor-1
but on the toll-like receptor-4. J Neurosci Res. 2010;88:
403-12.

. Tanigawa H, Miura S, Zhang B, Uechara Y, Matsuo Y,

Fujino M, et al. Low-density lipoprotein oxidized to various
degrees activates ERK1/2 through Lox-1. Atherosclerosis.
2006;188:245-50.

Kanata S, Akagi M, Nishimura S, Hayakawa S, Yoshida K,
Sawamura T, et al. Oxidized LDL binding to LOX-1 upre-
gulates VEGF expression in cultured bovine chondrocytes
through activation of PPAR-gamma. Biochem Biophys
Res Commun. 2006;348:1003-10.

Fujita Y, Kakino A, Nishimichi N, Yamaguchi S, Sato Y,
Machida S, et al. Oxidized LDL receptor LOX-1 binds to

C-reactive protein and mediates its vascular effects. Clin
Chem. 2009;55:285-94.

Li D, Mehta JL. Intracellular signaling of LOX-1 in endo-
thelial cell apoptosis. Circ Res. 2009;104:566-8.

Takaya T, Wada H, Morimoto T, Sunagawa Y, Kawamura
T, Takanabe-Mori R, et al. Left ventricular expression of
lectin-like oxidized low-density lipoprotein receptor-1 in
failing rat hearts. Circ J. 2010;74:723-9.

Chen J, Hui ST, Couto FM, Mungrue IN, Davis DB, Attie
AD, et al. Thioredoxin-interacting protein deficiency in-

J Korean Soc Hypertens 2011;17(2):57-64 63



1

15.

16.

17.

duces Akt/Bcl-xL signaling and pancreatic beta-cell mass
and protects against diabetes. FASEB J. 2008;22:3581-94.

Adluri RS, Thirunavukkarasu M, Zhan L, Akita Y, Samuel
SM, Otani H, et al. Thioredoxin 1 enhances neo-
vascularization and reduces ventricular remodeling during
chronic myocardial infarction: a study using thioredoxin 1
transgenic mice. J Mol Cell Cardiol. 2011;50:239-47.

Soejima H, Suefuji H, Miyamoto S, Kajiwaram I, Kojima
S, Hokamaki J, et al. Increased plasma thioredoxin in pa-
tients with acute myocardial infarction. Clin Cardiol. 2003;
26:583-7.

Malik G, Gorbounov N, Das S, Gurusamy N, Otani H,
Maulik N, et al. Ischemic preconditioning triggers nuclear
translocation of thioredoxin and its interaction with Ref-1
potentiating a survival signal through the PI-3-kinase-Akt

64 The Korean Society of Hypertension

18.

19.

20.

SOI-TIX|HZ uh M PEO|A Lectin Like Oxidized Low Density Lipoprotein Receptor—12| &t&

pathway. Antioxid Redox Signal. 2006;8:2101-9.

Martinez-Pinna R, Lindholt JS, Blanco-Colio LM,
Dejouvencel T, Madrigal-Matute J, Ramos-Mozo P, et al.
Increased levels of thioredoxin in patients with abdominal
aortic aneurysms (AAAs). A potential link of oxidative
stress with AAA evolution. Atherosclerosis. 2010;212:333-8.

Park KJ, Kim YJ, Choi EJ, Park NK, Kim GH, Kim SM, et
al. Expression pattern of the thioredoxin system in human
endothelial progenitor cells and endothelial cells under hy-
poxic injury. Korean Circ J. 2010;40:651-8.

Chinellato A, Ragazzi E, Petrelli L, Paro M, Mironov A,
Aliev G. Effect of cholesterol-supplemented diet in herit-
able hyperlipidemic Yoshida rats: functional and morpho-
logical characterization of thoracic aorta. Atherosclerosis.
1994;106:51-63.



