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Abstract

Role of low density |ipoprotein receptor-related protein 1
in cardiac hypertrophy

Seulki Park
Advisor: Assistant Prof. Heesang Song, Ph.D.
Department of medical science,

Graduate school of Chosun University

Cardiac hypertrophy is one of risk factors associated with heart
failure which is the number one cause of death worldwide. Since it has been
reported that . -macroglobulin induces cardiomyocyte hypertrophy, we
hypothesized that a reduction of low density |ipoprotein receptor-related
protein 1 (LRP1) would decrease cardiac hypertrophy induced by
catecholamines such as, phenylephrine (PE) and norepinephrine (NE). We
confirmed that cell size and protein/ONA ratio were increased in PE- or NE-
treated neonatal rat cardiomyocytes (NRCM). First, we observed that the
expression levels of LRP1 were significantly increased in PE- or NE-treated
NRCM by ~ 3 or ~ 2 folds, respectively, higher than non-treated controls.
The mRNA levels of hypertrophic markers such as, ANF, BNP, B-MHC, and HPRT
were also significantly increased in PE- or NE-treated NRCM. In order to

investigate the role of LRP1 in cardiac hypertrophy, we silenced LRP1 by
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specific siRNA molecules. We could observe the ~ 70 % down-regulation of
LRP1 expression and cell area were successfully rescued to normal levels in
LRP1 siRNA transfected NRCM with PE or NE. The increased protein/DNA ratio
by PE- or NE-treatment was also decreased to normal values in LRP1 siBNA co-
treated NRCM. In addition, we observed that the LRP1 expression level was
upregulated in the after 4 ~ 5 weeks of transverse aortic constriction
surgery. Our results suggest that LRP1 has a critical role in catecholamine-
induced cardiac hypertrophy, which might be a potential target for treatment

of cardiac hypertrophy.
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1. Materials and Methods
[1-1. AZ2AHES 22| L i

AMOF FO MAZHME= 0|0 UEE AY s EUZE ot MEE =22
QU HHAUSISHCH32]. 2+2t5] HWHot®H, 1 ~ 3 & = B (Sprague Dawley Rat) 2l

AlEE 22lotd Za0 0F2UIE0l R phosphated buffer saline (PBS, pH7.4,

H

Gibco) Off €2 LIS, micro dissecting scissors AtEol AZMEZIF 1 mm® &
2 MK EBHSHCH. 5 ml 2 collagenase |1 (0.8 mg/ml, 262 units/mg, Gibco
BRL) £ €10 WA 37 C, 5% C0, Ol 5 22t Hi& =, collagenase || ERHES

MASHRCEH. 5 ml 2 MME&2 collagenase || € &EJiotd 5 228 I HI& OIS,

o

M FEU A4SHE £I1D HE I HHXI (10 % FBS o-MEM, Gibco BRL)
otet =, 4 =2t 1200 rpm OIA F&=cl otACH 5 ml 2 HHESE BHXION AIZE

HE=S UAl 2et O3, d2MEIL HS 8X = MK 7 ~ 9 & B=

r
H
uin

AEBI, cell suspensionsS otLIS SE0 2ULCH. A 2Al ot 20} 5 x10°
cells/ml 2 =s=2 100 mm MIZHHY ZEYOIEONA HHLBIFCH. 4 ~ 6 Al2H0]
st =, AAMsS HIXZ 20FE COs, 0.1 mM 2 BrduE &JIot fibroblastl

d&= ANAIIIHA BH&otALEH.
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I1-2. ABHIHSS =3

NXE HAEZ2 Image J E AMEotH FHPZ 1E MEZES=2 UXE &€013

OI0IXl  (Olympus phase contrast microscope; Olympus, Tokyo, Japan) OlIA

+E02 HME B2S SIFOIAUCH

NEZBHE EAISl NMEZESS PBS2Z AONE O PBSE Z20WCH & Os 1 N
NaOHE £ 60 C OlA 30 =2+ HHSHCH. MOIHE 2 NMESS 20tF F M
FEZ S0 14,000 rpm A 3 =22t Fa=Ecl otR}CH MRE M FEO0

ASHS £I1D, A2 Bradford Al (1:4) S ALS6t0 =EOIACH. DNA=

| 1-3. Quantitative PCR (gPCR)

RNA=  PureHelix™ Total RNA Purification Kit (Nano Helix) 2

ANSEEA et ==ofUctt. 2 &=2 ANA === 260 nm OlA

i

spectrophotometer (Eppendorf) 2 =HoIUCH. 12 S RANA= PrimeScript™
ist strand cDNA Synthesis Kit (Takara) & AF256t0 reverse transcribe
YD, gPCRE RealHelix™ @gPCR kit (Nano Helix) £ AIZ3t0 Rotor—-Gene

3000™ = ALSoHH ASHIMLCH Zt0lHS) MEE Table 1 O LIS GHRUCY.
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[1-4. Western blot

NZSS PBS & Mo = Ct

010

1 x RIPA buffer (1 mM PMSF) 2 suspension

AMA 4 T OlA 10 22t SaHAIZCH. J&3 OS 12,000 rpm, 4 T OlA 15 22t

0
0>

=cl

i
o

st & M4SWS F2Iot0d BSA protein assay reagent (Pierce) 2 &

ro

7, AtZol= M2l datasheet £ &Qlot0 22 B4 GHFE Z2HoIRULH. 1

O

IS S cteEs D0 XLH 6 ~ 15 % SDS-PAGE (Sodiumdodecylsulfate

FACE.

ol

polyacrylamide gel electrophoresis; Qbiogene) Ol loading & dJIFES

Kot= 3219 gel

nio

A2 = polyvinyldifluoride (PVOF; Millipore) transfer

membrane 1t transfer buffer (20 mM Trizma®base; Sigma, 190 mM Glycine; Sigma,

o

O
[l

o

20 % Methanol; Duksan) £ AIZ5I0{ SHHHAIES Ols, D |

0z

ANZCH SHEAEQ|

HEY OIS 5 ~ 10 % skim milk @ TBS-t (1 x TBS, 0.1 % tween-20) E &

il
]

2Axt &M B-actin

AL

blocking buffer OWIM 1 Al2t &XI AL i

[0
o]l
rir

(1:1,000)(sigma), LRP1 2l o subunit (1 pg/ml), LRP1 2l B subunit (0.5 pg/ml)

E 20 2 Al2t ~ overnight BFSAIZCH. TBS-t £ 5 Y AMI=GIL] Horseradish

010

peroxidase (HRP) JF £ & OIXt &HME E0 1 A2t S GIJACH. BtS0| Z2LHH
TBS-t & 5 B AI=3Sl1D Enhanced chemiluminescence plus western bloting system

(ECL; Amersham Biosciences) 2 O0I=20ot0 ZZAI2I & 2AI0A HyperfilmTMECL

o

[

(AmershamBiosciences) 2 HHEES S AGHHLE.
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11-5. &IZ2AIX0l siRNA-LRP1 X2l

STHIHSUHA LRP1S Fgs =AGH)| flol feles E& siRNA 22X E

025t LRP1S <AHMAIZCH 2t2+5] &¥oHH, silentFect™ Lipid Reagent

(Bio-Rad) 2 AIBEEMNME Mct Opti-MEM (Gibco) = ALSSHH &2 AZ0
SiRNA-LRP1 (20 nM) = 2 AIZCH. SiRNA-LRPIZ 48 Al2t S¢ot RXIst S 24

Al

rU

b S0t starvation medium@ & WHMEAUCH. 1O OIS0 HELWZ2 (PE) £=
C20OU=E2 (NE) & &JIotd 24 A2t & HEZES EHMoHAH H=SHD LRPI

2 =S HAEGSH| ol =200 8= JoHRULE.

| 1-6. Immunof luorescence & Immunocytochemistry (1CC)

Immunof luorescence & Immunocytochemistry (ICC) & &IZMEES

coverslips ?0l plating oft2 =0 A Xl s F ASES X&HcHI| ol Al

Hl

£ 4

2

ES2OG0I=0AM 15 2 s &8 AL PBSUHIA 5 =22t 3 B AIA

o
b

£, 0.2 % Triton X-100 @22 permeable WAS AMACI. HE =2s B
ol HEIS phalloidin-Texas Red (1:200) 2, sH& DAPI (1:5,000) 2 EXl M

Ct. Immunocytochemistrye LRP12 HE X MCH. PBSZE AIH

ro
ol
o
ol
rir
e
pal]
0o

M LRP12l o subunit, LRP12I B subunitsS E0 1 Al2t SO HILIUCH. MES
MIZ=6tD OIXFeE Al (conjugated with Texas Red, Santa Cruz) Ol DAPIS &M 4

o 30

HT

SOt HHLAUCH PBSZ S ME =, FME ¥E22 =40=0

fluoromount (Sigma) @2 DA AIZLCE.

g

gd2oz ZAE MES 0|0IKl= Olympus

=

FluoView FV1000 confocal system (Olympus) £ AF=26l0 Zeiss Axiovert 200 M
10
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S SHALCE.

microscope (Carl Zeiss Microlmaging) OllAl ==

[1-7. AEHIHE S22 (TAC 2¥)
gHe =5

BHAOIIA AZEHICHESE Transverse Aortic Constriction (TAC)
321 F (2% 250 g)

S0, LBrAE0l OHF otoll 8 =& 2| Sprague-Dawley ===
I &2 &dotn, 24 242 =& (180 ml/&) 2 Harvard ventilator £
2 L/&) ot EOtEl AU SI10 oo XA R F AE2 2
0 Az |AUAC

)
2
x

11
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Figure 1. Cell area, Protein/DNA ratio and Immunofluorescence were
increased in catecholamines such as phenylephrine (PE) and

norepinephrine (NE)-treated neonatal rat cardiomyocytes (NRCM).

NRCM were incubated with serum starvation for 24 hours and then treated with
increasing concentrations of PE (10, 20, 50 umol/L) or NE (1, 2, 5 umol/L)
for 48 hours. (A) Cell area was quantified from manually outlined cells in
digitized microscopic images of randomly chosen cell fields using Image J.
(B) Protein/DNA ratio was quantified on the same individual samples. PE or
NE-induced increase of protein synthesis in cardiomyocytes. (C) The actin
cytoskeleton was visualized by staining with phalloidin and DAPI

Immunof luorescence images were obtained by confocal microscope after 48

hours treatment with PE (10, 20, 50 pmol/L) or NE (1, 2, 5 pmol/L).

15
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[11-2. &&HIHS0H A LRP1S 2y Bl

0I0l a. -macroglobulinOl ERK 1, 2 2 PI3-kinase/Akt E2E Soll F2

& 28I

Ol
nio

SETSeE AFAOl E1NE " JCH23]. d2dU a, -macroglobulin

-

£ ligand2 SO0 20 ASE NMYot= LRP1L AEHIUSS 2H= St
X o@st =2 210 = Hiot ¢lct.

UM cl= LRP10I AXEHIUEE KRSot=Xl LOotED| foH Aot F o
AZHZN PE (10, 20, 50 uM) E£= Ne (1, 2, 5 uM) 2 48 A2t MeIs S
western blotE2 S0 =AML, Western blot® o subunit (515 kDa) b B
subunit (85 kDa) 2 LRP1 & ME AtZot¥=0l, 1 20t A L&et0] SItE

H

212 o

i

o
Jton
ot

2= QUULCH (Figure 2A). HEHIHSH A LRP1SI mRNA ZE S 20t
MO F2 AZMIEO JHEHIZSO0I2IS 12 Al2tS HMelgh § JIE0 el ASEHHR
G HIdE &g £ Y= HXS9 nANA S22 SoIst Z1b ANF, BNP,
Skeletal a-actinOl &&ol = L& XS 2 = UULE. HIINAN E0IZ2=2
AMA S MEBIHSOIA LRP12l mANA Z&iare 2 ARMCH (Figure 2B). 01242 LRPT
Of HhoHA dES = BHIHSl ZWE UEHUH=O, 0 220 JAdM= DA
AHAIG A8 2d0ICH. Immunocytochemistry (ICC) € =oll JHHIZ0lRIC2 &

LO|

—

= AZAHE0A LRP1S| ESES

Jon

Fe XclE Gt Z=2 HEES

LAy

ro

21 0

-

Hioh &EHIUHE =8t 82MENA LRP1SI LSS0l &4E06 2 s =#0g

1

UALCH (Figure 2C). Oledst 2= Olol LRP1S A XIGH

2
0
0z
=
o
Ol
o
12
=

o]
XA

!
i
Ul

20let === L.
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Table 1. Primer sequences for gPCR

Gene Forward primer sequence Reverse primer seqguence

(5 -3 ) (5 -3 )
HPRT CCAGCGTCGTGATTAGCGAT CAAGTCTTTCAGTCCTGTCC
ANF ATGGGCTCCTTCTCCATCAC TCTTCGGTACCGGAAGCTG
BNP GGGCTGTGACGGGCTGAGGTT AGTTTGTGCTGGAAGATAAGA
Skeletal a-actin TCAGGCGGTGCTGTCTCTCT TCCCCAGAATCCAACACGAT
B -MHC GCAGCTTATCAGGAAGGAATAC CTTGCGTACTCTGTCACTC
MLC-2 TCACAATCATGGACCAGAACAGA TGATCATCTCATCGATCTCTTCGT
SERCA-2a CGAGTTGAACCTTCCCACAA AGGAGATGAGGTAGCCGATGAA
GAPOH CAGTGCCAGCCTCGTCTCAT TGGTAACCAGGCGTCCGATA

17
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Cantrol PE 50uM NE S5pM
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Figure 2. Low density lipoprotein receptor —-related protein 1 (LRP1)
expression level is altered in PE, NE —stimulated NRCM.

(A) Western blotting was performed with antibodies against the o subunit of
LRP1 and Bsubunit of LRP1. LRP1 protein expression level was upregulated by
PE, NE. Protein levels were normalized to B-actin. (B) Rat cardiomyocytes
were treated for 12 hours with PE or NE, and mRNA level were investigated by
quantitative PCR (gPCR). The mRNA levels of LRP1 were decreased in PE, NE-
treated NRCM.  (C) Immunocytochemistry were conducted for the evaluation of

the altered amount of LRP1 expression.
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Figure 3. Silencing LRP1 attenuates cardiac hypertrophy induced by PE,
NE

Cardiomyocytes were transiently transfected with LRP1 siBNA or with control.
After 48 hours, cells were treated with 50 uM PE or 5 uM NE for 24 hours.
(A) siRNA-LRP1 treatment reduced LRP1 protein expression in cardiomyocytes.
(B) LRP1 mRNA expression levels was decreased in LRP1 siRNA transfected NRCM
with PE or NE. (C) Cell area were successfully rescued to normal levels in
LRP1 siRNA transfected NRCM with PE or NE. (D) The increased protein/DNA
ratio by PE, NE-treatment was also significantly decreased to normal values
in LRP1 siRNA co-treated NRCM. (E) The actin cytoskeleton was decreased in

LRP1 siRNA transfected NRCM with PE or NE.
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Figure 4. Transverse aortic constriction (TAC) model .

(A) Relative comparison of the rat heart. Left; WT-TAC-Sham, Right; WT-TAC.
(B) Heart tissues. Hematoxylin and eosin stain. (C) Cardiomyocyte cross
section area. (D) Ventricular thickness. (E) Masson’ s trichrome stain. This

method is used for the detection of collagen fibers in tissues.
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Figure 5. LRP1 expression level is altered in transverse aortic
constriction (TAC) model .

(A) LRP1 protein expression level was upregulated in the after 4 weeks of
transverse aortic constriction surgery. Protein levels were normalized to B-
actin. (B) LRP1 mRNA level were investigated by gPCR. The mRNA levels of LRP1
were decreased in the after 4, 5 weeks of transverse aortic constriction

surgery.
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