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Cytotoxic Effects of Lysophosphatidylcholine on Vascular Smooth Muscle
Cells
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Mee-Ra Rhyu, Ph.D.*, Byung-Koo Yoon, M.D,, Ph.D.*?
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Research, Korea Food Research Institute, Seongnam, Korea

Objectives: To investigate the cytotoxic effects of lysophosphatidylcholine (lysoPC), an active component of oxidized low-density
lipoproteins (LDL), on vascular smooth muscle cells (VSMCs).

Methods: VSMCs were derived from rat aorta. Cell death was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay, lactic dehydrogenase (LDH) assay, and DNA fragmentation assay. Apoptosis was quantified by propidium
iodide staining and fluorescent activated cell sorting (FACS) analysis, and intracellular free radical production was determined using
2',7'-dichlorofluorescin diacetate (DCF-DA). In addition, the changes in caspases, bcl-2 and bax proteins were evaluated by western
blot analysis.

Results: LysoPC over 25 uM induced more than 50% of the cell death at 10 hours on MTT assay with no change in the level of
LDH. The DNA ladder pattern showed that cell death induced by lysoPC was caused by apoptosis, which was associated with
increased free radical production. Vitamin E, a potent antioxidant and caffeic acid phenylethyl ester (CAPE), an inhibitor of nuclear
factor-kappaB (NF-kB), blocked apoptosis. The casepase-3 precursor decreased and the active form of caspase-8 increased.
Total bcl-2 and bax proteins did not change with lysoPC treatment, but translocation of bax from cytosole to the mitochondria
membrane was observed.

Conclusion: LysoPC induces apoptosis in VSMCs via an oxidant mechanism, dependent on NF-kB. (J Korean Soc Menopause
2012;18:139-146)
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BEIA|E 2] N ZAL Gojdtt!

At AEF AT S EHAIS Ao 7|5,
o] & AUE=X|tl (low—density lipoprotein, LDL)o] AF
3} AL =X (oxidized LDL) .2 WH3IE = Zo| T2
sk, ARsE AUz ol AEabEske] e g gL
of WA PSS Aoz FAA gy, 53]
TEEA| 2l ek Al 549 (eytotoxicity) S =2t
31, lysophosphatidylcholine (lysoPC)2 &AFsh= x|k
(atherogenic lipoprotein)2] 23t 2122l (phospholipid) AJ
Bo=z® YA EAZE|ulolA| (phospholipase) A20] 2]t
AEA o] Akt THgold AE ¢ S P
N & ER WAL UFLLA T AT}
(apoptosisi= LEYT” 3 P&l Foistar, 7] B
7P (fatty streak)?] S/47SHEo = 9] Xgfe) FaFS
. SAE Y] ot 9 o]F9] FA (thrombosis)
Fol= 7)ottt 7] ATtollA lysoPCOl EHFEA|
o gt B4 "yt B vp 9o’ FEst 7170
et A= ofA K53 Aol

2 A9 522 lysoPColl &3t EIFHIA|Z O A3
Ab 713 98] Zlolth

ALY U

1. Y AN E 22 Y

37¥ ¥ Sprague—Dawley rat (Charles River Japan, Hino,
Japen)elH FRAEAES Hof o B BR2AZE 2
23 th’ A3Z= GIBCO BRL (Grand Island, NY, USA)=
HE| JLQ]3t Az ufjoFol (Dulbecco’s Modified Eagle Medium
[DMEM]/F12 supplemented with 10% fetal bovine serum
[FBS], 100 mg/mL penicillin, 0.1 mg/mL streptomycin)°]|
A 37°C humidified 5% CO2/95% air T+ oA HjFaFE.<.
o, 5-109 A vjgE AlZE Aol ARSIt A=
o] almost confluence AYEfjo]l =2SHH defined serum—free
medium (DMEM/F12 medium containing insulin 5X 10" M,
transferrin 5 mg/mL, ascorbic acid 0.2 mM)oj|A] 48A]7t H|]
oF5}o] quiescent AE] 2] A|EZE A3 T

2 A= Aaddieta ool FEA e YL
9] 590 ol P Ut (52l HE H-A9-003),

2. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide (MTT) assay
A|ZEE 96 well plateo]| A vJF & MTT (Sigma Chemical
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Co., St. Louis, MO, USA) 29 0,25 mg/mLe] =L &
et o 37T°ColA] 4A1Zt FRt HHE AlX] § enzyme-—
linked immunosorbent assay (ELISA) reader (Bio—Rad,
Hercules, CA, USA)E ©0]-&3}9] 540 nmof| A 4 =S =7

shsiet.

3. Lactate dehydrogenase (LDH) assay

MZEY S-S A% AP o= A|227F IAL (necrosis) &
Yo 7|™ LDHS] £H]|7} S7 E= 2 o83ttt AlZ5
96 well plateo| 4] ¥j 3t & wellof| A BiA] (media)S A AT
2M Hepes buffer (pH 7.4)E v]g] @& % t}E 96 well plate
o] olE A| &2} substrate solution (10 mg/mL lactate, 6.7
mg/mL iodonitrotetrazolium violet, 1 mg/mL new antigenic
determinant [NAD]+, 0,01% bovine serum albumin [BSA],
0.4% sucrose, 0.2 unit/mL diaphorase)2 @il 6057t HJ|
9F5}al 17 mg/mL oxamateZ W32 EH & ELISA reader
492 nm= Z7 k.

4, DNA fragmentation assay

A3 L3)E (cell lysate)©]| digestion buffer (10 mM TrisCl,
pH 8.0, 100 mM NaCl, 25 mM ethylenediaminetetraacetic
acid [EDTA], 0.5% sodium dodecyl sulphate [SDS], 0.2 mg/
mL Proteinase K)& 231 50°CollA] 14—-18A17F A= H1-3-A]
Zt} 1 & phenol ¥ phenol/chloroform extraction ¥
Falo] BAITHS 23017 23 BYL ohA ofekg A
<, dalEe] ol ol pellet A2 HQkTE ROk pelletS
T}A] Tris—EDTA (TE) buffer2 50|31, DNase—free RNase
(0.2 mg/mL) (Sigma Chemical Co., St. Louis, MO, USA)Z
37°Coll A oF 2A17F WhG-A1AH DNARRS it whg-o] &
W % 10 ug A=2] DNA sample 1.5% agarose gel Ao
A B A|F AL, ethidium bromide (Sigma Chemical Co,, St.
Louis, MO, USA) -§H& o]-&slo] FAgt ok, #}&JAl s}
o|| Al fragmentation JE=5 ST}

5. Fluorescent activated cell sorting (FACS) analysis:
propidium iodide (PI) staining
12 well plateo]|A] vjFE AlZEE trypsin—EDTAE o]-&
S}o] cell pellet2 LTl Pellet2 1 mM EDTAVF $H-5-%
phosphate buffered saline (PBS)Z &Er A|7] & 70% of&h
2 IAJAFHT, A AT 4°Coll A B 5 3500 rpmo]|A] 5
H7F 94l Ba] 813t 100 gg/mL RNase A, 100 gg/mL PI7}
3ZSH H -§H o 3087t Aol A ¥Hg- AJX1 = FACS Calibur
flow cytometer (BD Biosciences, San Jose, CA, USA)E ©|-&
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6. MIZLY reactive oxygen species (ROS) 44 &%

A|3ZY free radical A2 Molecular Probes A} (Eugene,
OR, USA)oJA 3t 2°,7—dichlorofluorescin diacetate
(DCF-DA)E ©]-&35to] S43t%th. DCF-DA= A28
E313 4= )& oxidation—sensitive probeZA] A|ZY ROS
o} wkgato] AlmEte B3} T 4 G B B DORE
Azttt HFEIAEE chamber slideo] 4] B FstaL
quiescent AYE[ ] A2 o] lysoPCe} T 50 uM DCF-DAE 1
A7+ 2251t PBSZ A| A3t & confocal—laser scanning
microscope (DIAPHOT 300, Nikon, Japan)Z &t Th,
ROS®] AS At 517 SISHAl HloR BRBAIAE
o] IysoPC} $H4 10 uM DCF-DAS 1At &3t &, PBS
2 AN|& 3} Trypsin/EDTAS ©]-83}e] AL pelletS 1 mM
EDTAE §3-3F PBSo]| @ EFA|# FACS analysis?} CellQuest
software (Becton—Dickinson, San Jose, CA, USA)E ©|&3}
of Brel HES Sl

A
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7. Western blotting

A3 83l E-2 protease inhibitor cocktail (Sigma Chemical
Co., St. Louis, MO, USA)©] 33+ lysis buffer (50 mM Tris
pH 7.4, 150 mM NaCl, 1% Triton X—100, 1% NP—-40, 0.1%
SDS)of| €3) (ysis)A]|Fcl, @2l SDS—polyacrylamide
gel electrophoresis (PAGE)Z X8]%t & nitrocellulose
membrane®]| transferA|FH Tt 12} FAHE ¥ A7 =
horseradish peroxidase conjugated 2} A= WHA|F T}
ECL kit (Amersham Pharmacia Biotech, Piscataway, NJ,
USA)E o]-&5te] dridl o] e H =5 X-ray’dollA &<l
sHATh

Western blot-Z caspase?} bel—2 L bax &a EAof A&
SFF o1, vitamin E ¥ caffeic acid phenylethyl ester (CAPE)
S0} ap B oA ARSI G,

8. Preparation of subcellular fractionations
AE | el o5 2helsty] $15te] subcellular
fractionation= A|3YstFTt LA A|ZF 100 mm FA

120 n=3
100
°
£ 80+
[e]
[&]
S 60
c
[0}
[&]
o 404
o
20
0 T T T 1
Control 20 25 30

LysoPC (uM), 12 hr

Fig. 1. Cytotoxic effects of lysophosphatidylcholine (lysoPC) on
vascular smooth muscle cells (VSMCs). (A) Viability of VSMC
treated with lysoPC, (B) cell necrosis induced by lysoPC, (C) lysoPC
induced DNA fragmentation.
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A HjoF = H|ZE trypsin—EDTAE ©|-835}9] cell pellet
< LAt Lysis buffer (20 mM 4—[2—hydroxyethyl]—1—
piperazineethanesulfonic acid [HEPES], pH 7.5 10mM KCI,
1.5 mM MgCl2, 1 mM ethylene glycol—bis[2—aminoethyl]—
N,N,N’N’—tetraacetic acid [EGTA], 1 mM EDTA, 1 mM
dithiothreitol [DTT], protease inhibitors)E ¥ 3! homogenizer
oAl 581 o] homogenized}t 3t 4°CollA| 750 g= 587t
A 29 T F FSHS tHA] 4°CoflA] 10,000 g2 1583
4] 22)3}e] A E-2] mitochondrial membrane fraction®|
Ao XL AFZML cytosol fraction®] ETk, ZH2H2- western

blotting3}i Tl

Z 1
A} a2 915U WL 33 whEte] A grol ¥

= o83t

Figure 1A= B{gE EWFLIA|Z lysoPCE A5}
R o AP AzF " FEof whE AlEY] YEES MIT
assay= w43t AAE, lysoPCE 22| £ 247F0] Z s
A FE] N2 BEEC] AT Faste] 25 H 30 uM &
9] Ffoll= 10413t B 5 50% n]ihe] AlszSite] Y&
stk

Figure 1B<= lypoPCE #|2]3t3& o] 5%=0f T LDH &
dv]e] Halz2 A3 AT} negative control?l defined serum—
free medium (DSF) AR} H| w8} Zpo]7} ilom o]

120 n=3
100
°
£ 80+
o
o
S 60+
c
[0}
&)
o 40 A
o
20 T i
0 i T T i T 1
DSF Control Vitamin E CAPE
(50 pM) (5 pg/mi)

LysoPC 25 uM, 12 hr

3 Aiks Al27F S22 fdlo] IAkeks e 7AYo
n|gteh, JHA, lysoPCO| F&=7F 20 4M o3l 739 A==}
AR 5721 Q1 DNA ladder /9] HES 1 5= U3
o (Fig. 10), °]& FT&3HH lysoPColl 2]t EIHF LA
ZO| NEZAN= NEZAPBALE Fote] = ERlE
S

Figure 2A= lysoPC2} 3| reactive oxygen species (ROS)
£ YAI3l= 282 Sl= vitamin E = nuclear factor—
kappaB (NF-kB) SJAA|Q] CAPEE &7 AH&sti= o &
HHEIA 2] A EZXEANS FACSE ©]-83 PI €A e
2 FA3%E ditoltt, Figure 19] Z3fo]| W} 25 4M S
9] lysoPCE o835} A¥st A3} vitamin EQ} CAPE 2
5 lysoPCo|| &3l §=d FHFDIAN Y AN ZAEAE
FYsHAl HA2A7= A2 YERT gHH, figure 2B=
lysoPC A 2] & PP EIA|EZ 2] ROS AY/do] Algte] A|d
of e} STk = HolEth

LysoPC A 2] & A ZAEALS] FA|AFQI caspase®] WIS
TSI Caspase—3 HA|9] WAL 5& o|$7E
2:817] A|Zbste] 1A]7F o] $ofli= A L] o =X k=T,
o= &/d3HE caspase—37F F7HE S Yu|trt (Fig.
3A). EZt caspase—8 Z7FA| 9] W& o] 4A|7F o] 5o 45}
Aem, 0|9} FAlof| caspase—82] B4 F (active form)o] 5
7Vstac}, HE, lysoPC A 2] 2 bel-2 Thifo] Bk I o
EF o} Alazuto]] EASH= bel—-2 T o] F7ES m] 2] %]
ko (Fig. 3B), ¥ bax?] W@ A W37} gl (Fig.
3C). 3L, subcellular fractionS ©]-8%t A3 ZAilof| A=

1,200 -
1,000 -
>
K7
§ 800
£
T 600
(]
(7]
o
5 400
=)
m
200 A
=3
0 T T T T T n 1
0 10 20 30 40 50 60

Time (min)

Fig. 2. Mechanisms for vascular smooth muscle cell (VSMC) apoptosis induced by lysophosphatidylcholine (lysoPC). (A) Involvement of
reactive oxygen species and nuclear factor-kappaB (NF-kB), as assessed by propidium iodide (PI) staining, (B) kinetics of reactive oxygen
species (ROS) production determined by 2'7'-dichlorofluorescin (DCF) staining. DSF: defined serum-free medium, CAPE: caffeic acid
phenylethyl ester. *P < 0.001 vs. control.
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LysoPC (25 uM)
min hr
0 5 10 15 30 1 4 8

g ==.-———

e

1 097 093 0.94 0.97 0.93 0.91 0.85

Caspase 8
precursor

Cleaved

——————— - 4= Caspase 8

17 091 102 0.88 0.95 1.25 1.20 1.54

Caspase 3

S ———— precursor

1 067 0.63 0.70 0.67 0.53 0.53 0.53

LysoPC (25 uM)

<+— Bax
<+— Bax
Membrane fraction
min hr
0 30 1 2 3 4 6
e M : ' ' ‘ <— Bax

i

AR B3E (cytosolic fraction)?] bax?] ¥&-2 7443 W
H, n|EZEgjo} A|szut 22049 bax WEHo| F7HeE A
S 2 YePg=t, o]= lysoPC 22| & AlZ2oA nEZ=
2|o} A|329EO 2 bax7} o] F &tk S ot (Fig, 30).

R

2 AT 23} lysoPCE i @HFEIAxZo| A 2st
R f AlZAPEAL A o] TAE AT, A|ZABAN= 7Y
3t FAEEAI]] vitamin Bl &J5te] A= Q=T o] 4lS
7|1Ho] Sa3t e oS AlASHH, CAPE®] o3t Al 3Zz;
HA} &A= NF-kB7} downstream mechanism© & Z-35}
£ RS guja

o} 4|714] lysobCel| ©J3k AIZ B4 714 A U
A7) QAR Kume F92 lysoPC7h FAo] gl 2142
2 1) ARIeh o] 283 4 9leg Bushert

B
LysoPC (25 uM
Jurket cell .y (25 uM)

lysate min hr
(+) 0 15 30 45 1 2

. " B N B B

min hr
0 30 1 2 3 4 6

SR S S Wm WS s | <— Bol-2

<4— Bcl-2

Membrane fraction

Fig. 3. Mechanisms for vascular smooth muscle cell (VSMC)
apoptosis induced by lysophosphatidylcholine (lysoPC), evaluated
by western blot analyses. (A) expression of caspases, (B) expression
of bcl-2, (C) expression of bax.

A Tk oldolM = MEEE o P L, Al
W 32EA} (macromolecule)?] 7152 A = Urth= A
ole}." 3 Ohara S22 lysoPC7} Wb bl 7| 1fo}A]
(protein kinase) CE BASAIA A3} gtz Y S7+H=
Zasto] Azo] £ WL 5 UTke 71 1S AA
o o|= 4kt 7|79 BAGS AT 2 A9 At
SF §AREE 270l olg} WA T B2 BYINE B2
AEY 2 52l F71h ABEAL TFEAE AN EY
o ® 2 extracellular signal-regulated kinase (ERK)1/2,
Jun N—terminal kinase (JNK), Z12]1l p382} & mitogen—
activated protein kinase®] QAFS}F FA] lysoPCo]| 2Jst 3
BEIAZL AHAL|| FFE = o] IFEEUG A
B0 2 ysoPCrt BRBBLAEE SAAA AZAEA}
£ ZdHsks Aol ot 71 E0] TofstaL = AL
= gz,

£ A A} lysoPCof| OJFt AlZ A IARE th= Al EA}
AR ol WA H=T, ol 71 dAFolA S48 3
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| Extrinsic pathway | | Intrinsic pathway
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activation activation
\4 Caspase 3 /

activation

Fig. 4. Pathway of apoptosis.

}

4

o
i)

BPE L] Grto] WAt o5 &

3} Aol Aot akAgk, 7]E A7t
Agro =R A21et 2AP3sh 24 v
1225 olgste] WAE WA, B AP AR
|Z2 o F ysoPCS Aeistel ABE Ay
= Aol o] Slek, AL TR IR Fe BuRRE
HEO] gk lysoPCe] BAE 23 e ATOINE AE
Al O3t AL BT v ek’ B AT A AR
H F 1259 71E A 2004 AREE 2] €=o] ot
2ok GollAl ATk Aot Z1AskAE 1ol Lo,
7 Aol ME Bu AHE neld vw A7t ol
A=t ojA =] E ALz AlREH

71& A7 A3 vigE EHFEIAIEA At AP =
Aebslol] oJ8) s AEAEAL b2 Thale] 2HL
BallAl dojdtia B up glont® 2 Ao A bel-
2 T o] W7} e X] oot olek= thE AYE YEHY
it} 3FR|gE, bel-2 T WHElEak opu g}, B d Ao}
Z+o] bax@| translocation®| M|EAEALS S =3t AL
AIEr glomz T Aolkel 24 7|H dsidEe FFE
F7t A7 2o Ao 2 AR

o714 IysopCel )8l s ATAEAe] A 7]
HE AHEA LeAAA GO B AT intrinsic
pathway 2} &7 extrinsic pathway?] SATE A|ASH=
caspase—8 717} TEE HL thFet 28 AH=27F 24
= AALRETE (Fig. 4).

fofeiy, AETAL WA BN FRT 2

Eor o=
e 0=

4
TOEHE
x> W kor
o K
i yo o
3~

ne r
flo
X

o:
r

il
j=7)
o

o
l

144 nhttp://dx.doi.org/10.6118/jksm.2012.18.3.139

A0 AZEE ysoPC EHPBTALE] ALABAE
femste], 419} 710 9 NP-kB 27} Beisel gk, o2
E2do] e GAst Hilr} 9o NF-kB J2E 2
sh 282 SHe A T U, B ATE BF o AER
2ol ofat ABWAT w5 e 7)A FEL et o]
U 712 AT Auz Azg

aAel =

tfsta Akt 2tk (S—2008—0021-000), 18|11 53
ER
ERN

e > Al

R

=2 7]&MEAe] (109127-03—-3—-SB010)9] =]

B Qe APAAYYIFSIRITA (HSBRI C-A0-021D), 4
A= gL,
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22EE

AA=R: TP ELA)| 32 3t lysophosphatidylcholine (lysoPC)2] A|Z 54 AT-E ZAFSHIT

HE 2 HE: o] s o 2 RE FWFEIAEE dof vl F lysoPCo|| &3 A|ZAT fFEEE=A]9 o
H= 3—(4,5—dimethylthiazol—2—yl)—2, 5—diphenyl—tetrazolium bromide (MTT)2} lactic dehydrogenase (LDH) =% %
DNA Altha] 9Ha ofAl v|mE o] g3le] BAsIATE A|ZAFEALR] MBS propidium iodide (PI) G4 & FACSE ©]
83lo] ZAFSR AL, 2,7 —dichlorofluorescin diacetate (DCF—DA)E- ©]-85}o] A|Z W reactive oxygen species (ROS) A3
A& 2431t} E3t caspase, bel—2 H bax®] W& western blot B4 02 2354}

ZIEMTT 57 A3 25 uM o4 FE9] lysoPC A 2] & 10A]7Fo] F3tlS uf 50% olde] EUFEIA|Z7 F=
Ao| =9l o LDH 4% W3y} qigdch whH, DNA Alcha] oFAF 3zt Axl A ZAH AL EZZF Q] 9FAto|
golx| it AESHA|Q1 HIERY EQF NF-kB A A2 caffeic acid phenylethyl ester (CAPE) o= B2 lysoPCo]| <]
Bt A ZAPHALS AA|SHATE Western blot 4] 2T} lysoPC A 2] A] caspase—3 R —89] F717} T2E| ATt F bel—2
9 bax Tl W@ ofl= HS7} fIYlCo U, bax @] N Ao A n|EZE]o} AlaZuto 2 9] 92| Halrt WRE| QT
A= [ysoPCE B HETA|EZ L] N EZAEALE =51, A5} 717 9 nuclear factor—kappaB (NF—kB) AZ27} 3=
Eo] Qlrt,

STl JZAE A}, S4-59 7315, Lysophosphatidylcholine, 83821432
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