nsnfiszauludiuluifengs dwlvgdnasiiertesiussduedlalnlusiugiinniny
MKUuA (Low density lipoprotein; LDL) Miidgeliusig 399ns1eeu3densuunaly
AUreuardninaassuinnisniluiivludengaluladenidiifestedunszuiunisiin

lspoalaaskan1sAne1denalnn1aiadsesning LDL  Aunszuiunisinlsananaiidalyl

[
o

nsudalau Adeidalnussasdilonaaeunavedlalulusiunumnuiuiuagond
Tadlalulusfumnumuiutusi (Oxidized-LDL; Ox-LDL) #8nseuiunIsyeuves cAMP
response element binding protein (CREB) du.8ulusiurfianisluauasfivhwiniiesiu
Msaismunsediszezen lnsnsiinesndinduves LDL azgniniloniifng CusO, fiian
2 $lua3enin mildly oxidized LDL(mox-LDL) war 16-2¢ daluaisenda fully oxidized
LDL (fox-LDL) kaanaaaun15idingonues SH-SY5Y human neuroblastoma cell line #2g
MTT assay MNA@OUNNITES19NE oxidative stress (intracellular ROS) 918 fluorescent
DCFH-DA Wa¥nMSuan eonsaunanis activationvadlUsALCRER #8738 western blotting

HANISANYINUIN fox-LDL yinlvmwadusearnselasdutuanuidudulagiiunatmauining

al

Wty 200 pg/ml Weugd LDL way mox-LDL dnanen1sitinsonvaagaaussanmantiosus

lufidodnAgyn1eadd wanuraulafio mox-LDL  Anadudu 50-200 pg/ml  @519a717g
oxidative stress NelutwadleuInnI fox-LDL AAMUTUTULASINY LAzl AUTALAULALLAR
WNgafiaT 4 93las uaevia LDL wag oxidized LDL dwasion1svitanuvesiusiu CREB
Tnedwudluuanniseandaanvadlusiu CREB §9919LARa1NSUNIUINNAIE oxidative stress

v av A & ~ P A o = & & ' ¢ I
widnuddeiiduiissdayanviins@nelugadussammiziies uinaann1sAnwif
A11190U9U8N1977 LDL kag Ox-LDL 97125Nafon1sas19ANunssanvadwasussamiuauad
Ingluprununisuanioanued CREB Al nsliseduvesnaiaameseanse LOL Tuidionas

anaflunumdrdrenisagdeanunssitlunywddeaiillgmesimundulsedalawesl



Abstract

Oxidation of lipoprotein especially low density lipoprotein (LDL) may play
important role in Alzheimer’s disease (AD). Extensive data collected from AD patients
and animal models indicate that high serum cholesterol level and oxidative stress
associated with the AD development. However, the investigation of LDL oxidation on
memory formation is not well document. This study aimed to test the effect of LDL
and its oxidized forms on cellular oxidative stress and the activation of CREB in SHSY-
5Y human neuroblastoma cells. The LDL was oxidized by CuSO, to either mildly
oxidized-LDL (mox-LDL) or fully oxidized-LDL (fox-LDL). The neuronal survival was
determined by MTT assay and the intracellular reactive oxygen species (ROS) was
evaluated by fluorescent DCFH-DA. CREB is a transcription factor protein involving the
formation of long-term memory. CREB and phosphorylated CREB were measured by
western blotting. The result showed that fox-LDL dose dependently reduced cell
viability whereas LDL and mox-LDL showed a small effect. The intracellular ROS
level was however increased by mox-LDL more significant than fox-LDL. The western
blot analysis revealed that LDL and both oxidized forms differently affected CREB
activation. This study suggested that LDL, especially oxidized LDL, had influences on
neuronal survival and cellular function such as gene transcription possibly through
the induction of cellular oxidative stress. LDL and/or oxidized LDL possibly involved
in the pathways associated with memory loss in culture cells, and this might occur in

AD pathogenesis.



undagusIvean (Executive summary)

luaeniisgavlvduludongs drulvglinazinettesiusedureddalnlusiuviia
AMNUNUKUUAT (Low density lipoprotein; LDL) Mifixga?usie @ LOL a1u15aiianssuiu

a o |

pandndulaienasiindunsie Wuaunaddglunisiialsaneiiunasndonuayiala ua

q

U 13 1

fnsnuideludagtuitluiihowssdn innaomyuinsidleiludengaiuiadonisd
Aeadastunszurunsiflsadalowes Tnadenisvauveseaduszamuazyiliisadane
Mnmsiituressysusaaidou ouyadasy (Reactive oxygen species; ROS) uavdaLfininng
azauvedlusiu AP winsAnwiienalnne@uadsening LDL Aunsguiunsiinlsnninan

'
U = =

galinsutaau {ITedlngUszasiiiofnwfisunumueslDLuay oxidized LDL #ion1s
WasuuUases CREB luiwaduszanmmngides SH-SYSY human neuroblastoma cell line
Fa CREB WJulushurfianilsluwaduszamidodnilefinis phosphorylation saslusiiy
CREB wéazvhmithiliAafunisairsanumssdiszezen

fidedsinsthuen LDL 910 plasma 7il#¥umnueylasIzsain blood bank v
Tsamenuiaumine dousms SeihniansedulfiAnnis oxidation Felavgwiin lufidld
CuSO, UazNAEOUNIILAA oxidation ¥es LDL ¢28 TBARs assay %ﬂLﬂuﬂ’lﬁmzﬁU%aﬁ

malondialdehyde (MDA) asfundnsausifiinain lipid peroxidation veslusfunielu LDL

Fanud1 LOL 71 1 me/ml waz CusO, 71 10 M WHuarududuiimunzaslunis

AnUATe1  wenanll wudnlleninis oxidation wae LDL  #38 CuSO, N15+An Lipid
peroxidation LNV MINTLELIATANTY AsuEviNTITeTuFenseugianlunis
WnUAsen 2 Falusdmsunisiia mildly oxidized LDL wag 16 -24 Falus dwisu fully

oxidized LDL Tunisinlunageunisaevaawad

lun1sMAgeY neurotoxicity AialwanUsyamues oxidized LOL §3dulivinn1snageu
§e MTT assay Iagldiwad SH-SY5Y human neuroblastoma cell line fiwflenyiliin
differentiation Uil neuronal-like cells @78 retinoic acid wagnNA@BUNNTASI4AIY
oxidative stress AIUN1T13EAUVDY intracellular ROS  @IUNIINAFDUUNUIMYDY LDL tay
oxidized LDL slonsiUdsunuases TUsiu CREB aunsanaaausieds immunoblotting

(western blotting)
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INANSANWT WU fox-LDL ¥ilmwad SH-SY5Y @18u1nn71 mox-LDL laenail

[
[y

Fuiumududuves oxidized LDL (dose-dependent effect) 1ng fox-LDL fimnundudiy

200 [lg/ml 1adfdidinsonua 20% vadz?l mox-LDL Lwaaddingen 80% luwuzil native

1oL lsiviilimadane widsiiuraulagidenuin ienaasunsa¥iesnny oxidative stress
Ypaaaa SH-SY5Y @18 intracellular ROS assay WU31 mox-LDL luaanaidudu 50 — 200
ug/ml NazdunIsaina ROS w1 fox-LDL Fswailiilddaiauiing 4 $alus Tnenaiis
AuAUETUYEs mox-LDL Fseraidululein fox-LDL azvhlminsunsied extracellular
warwmiorthlfwadaneidosainuindagiae lipid peroxidation (MDA) vaugdl mox-LDL &
nswfleniliAnnisadne oxidative stress nneluigaduszam Jan9ziinainnis uptake
oxidized-LDLig e luwad wavauiseiduansliisiuindia LDL wavoxidized LDL form
finasionisviauvesiusiu CREB Tnenuinfiuwilduannisviieiu CREB dan1sviaiuiianas
81991NNNSIUNIUMIEAIE oxidative stress wazenafinalnduilieadesfunisviauves
TUsAu CREB Semsiinsanwdnalni@ednifiudiua LDL uag oxidized —LDL #on1svinanu
909 CREB uaviilonsiuianalnfidaauuda msﬁﬂ‘mLﬁammﬁqgiﬂmauﬂ’alﬂé’ué’jﬁnalﬂ

senanaferavsiiugasusurensivowasimuelndiildsnulsadalaweslanaluly

BUAR

Han1sAnwIvedlasinsided lelinsmewnsly nsussgdnnsineimans uag
walulaguvisseinalvne ASsn 38 (nm 38)  “Inenmansiieeunanvesyweyid” lu

sUsuuMsaue wuuldawmes wag proceeding (full paper) dauanslilunianwan
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BCA Bicinchoninic acid assay

CREB cAMP response element blinding protein
°C Degree celcius

CO, Carbondioxide

cu’ Cuprous ion

cu”’ Cupric ion

CuSOq Copper sulfate

d Density

DMEM Dulbecco’s Modifide Eagle’s Medium-low glucose
DCFH-DA 2’ 7’-dichlorofluorescein diacetate
EDTA Ethylenediamine-tetraacetic acid
EtOH Ethanol

fox-LDL Fully oxidized LDL

FBS Fetal bovine serum

g Gram

HCL Hydrochloric acid

HDL High density lipoprotein

Hr Hour

IDL Intermediate density lipoprotein
KBr Potassium bromine

KCl Potassium chloride

kDa Kilodalton

LDL Low density lipoprotein

MDA Malondialdehyde

MgCl, Magnesium chloride

M Molar

min Minute

mg Milligram

ml Milliliter



mM Millimolar

mox-LDL Mildly oxidized LDL

Mg Microgram

pl Microliter

UM Micromolar

N, Nitrogen

NaCl Sodium chloride

Na,EDTA Sodium ethylenediamine-tetraacetic acid
Na,CO; Sodium bicarbonate
Oxidized-LDL Oxidized low density lipoprotein

PBS Phosphate buffer saline

pCREB Phosphorylated CREB

PVDF Polyvinylidene fluoride

rpm Revolution per minute

SDS Sodiumdodecylsulfate

TBARS Thiobarbituric acid reactive substance
TBS Tris buffer saline

VLDL Very low density lipoprotein
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unu1 (Introduction)

NANNISUALINANS

desaniimurnisvesmaluladymsnsunmdluiagdu Suudgsengdaiuudlidud
fiuinndudes ey Tsafiinananudeusie wu lsamaasnidenwasiala 15a
arudidion svilaadaluies (Alzheimer's disease) Fmuludnafigstumuiy felsnda
lowestuualtuvesgiinizaimaiinvadlsafisnnnunn® aannisnwmuiilugaed 2549
yhlandgiidulsadaluesnin 26.6 duau uaziinsamanisalinenaudiandundt 100 &1u

auludn 45 U 919mt[1]

Alzheimer’s disease \Uulsafiiigatosiunaionssuiunis wu n1sgaydeowad
Uszama1n cholinergic Tuaned lwaameLilasann reactive oxygen species (ROS) N15an
nsdsdyeyIuUsramiilasRInnIsuIunazauves amyloid beta  WazIINUATeveq
NsEUIUMSSNEY uenndfmunsfinwaninidenatenduraleUsemadeanuduiug
seninansiisgavlvduludengeiunsinlsadalawes Tunnsidsedvladulubonas
Tngianiglalnlusfuginanumuiuiugi (LDL) Nianunsafianssuiteendnduladieuasiia
JunTesalwadUszam [2, 3] Fee1vdenaranIiNTUTRITEAULAAITENILAY ROS (reactive

. 3 = a a 1Y ' Y a . .
oxygen species) Meluwaduszan [4] wenaninisiineen@induneliinn1ig oxidative
tress  dwalmianisinangluseduluianalaglanizn1ssuniunseyinaesieule i
ANdAglunsruIunIduATzilUsiunaInransyinsandslunszuIun1Ta@s19AINNTIEN
vougadUszam wazdunieniliiin apoptosis Ialaun1siiiueed caspase-3[3, 5]

o = ¥ | vaa 9 = v v sw
wenanidalinisAnulugUrenudn gnlszdu LOL Tuidengeduiusiunisanasves
cognitive score [6] Taudsnananvasnauiiiiulsadalowes iszdu LDL protein carbonyl
a 1 1 H [y [ A A & LY cal [
content #igandnguauan  [7]  waztlvdundeweUienidudalewesiiseiuves
oxidized-LDL antibody Migeninauuni (8] uaziin1sAnwiludninaassdanudni wudn lu
A v s v o a = o v N Yy W
nszeeilasunsideswneemsid cholesterol ge In1sgayidonisiaulusuieidesiv
NsSEuilarAINTT TIUfesUNIUNved Blood brain barrier (BBB) vilvigmidens

eunaziinig leakage 99 (BBB) [9] waziin13Us1nguee apo-B daludiuusznauiidfgy
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Y94 LDL luawea [9] Sawudnin cholesterol gedsvinlifimsiiunisazauves Weduossle
aeudum (AB) [10] uanalnfidhaulunsyhanewaduszamaunelifnnneausndey
89 oxidized LDL  ffunszuaun1sadieaunsssslueadussammieidsuayly
dninnassdslifineny ifeldamuaulafissfnunfuailulssaduingnt lneandy
Tunsfumkansenuves oxidized LDL den1siudeuuad transcription factor fins1ufiu

ANNEIAYADNTEUIUNITATIALNTITT F9laLA c-AMP-response element  binding

protein (CREB)

CREB 8u transcription factor ﬁﬁmmﬁﬂé’aﬂumsmgawﬁauﬂaﬁL%aéﬂizmwLﬁa%
195U Fadadu short-term memory TUdumnunssdisyezeninse long-term memory 3
msnaaliin CREB vhnmthiidnesu “switch” Tunstufinaunsesissiuiead [9, 11] &
finssumunsviauees CREB evaziduaumsliaiunseadienumsednld dsieaunany
Funuin m3viauwes CREB flmnufinunluluauewesdninaassiildilu model vos
lsndaluiues wazanesaUlslsndalyweas wasnuIIN1g overexpression Uo4 CREB 819
AANTIIANYLUY apoptosis Y89 hippocampal neurons cell ﬂjawwﬂaaﬂé’ [12]

oy Tasensised Seauleftas@nwmnalndinan TnewiulufinisAnunaves
oxidized LDL Tun1sildsuntasnisuanionn (protein expression) #3an15vineiuwes c-
AMP-response element binding protein (CREB) Fadu transcription factor finuluad
Uszamuazyiviniilunisad1ennamsesn (memory formation) Taefunuivlunisildey

LY [

short-term memory Wy long-term memory  FawanisAnwiainlasanisided agidu

Toyanaunsaldlunisesuignalnnisagdeanunsednlussiugaduazluanald wazds

= a v

\Dunumdliins@neidelussivanfenszuiunisdugionaferdesiunsgydeniiy
n3es1lg venand Sreradululgferldidudminevesmssnu (therapeutic  target)
Tvsiq wilutlagtiu sefowanenguilanunsaldlugiaelsadalowes widlifenguleii
UszAnsnmdanysal lesnmshauvesszulszamuazanesianududou Uszneudy
we13Inegvedlsadalumefiiaududoutaziisatesiunarnuatsnszuiung iloliled
AruAueresnsrUINNIMIRna et ludesdinfuiteediaides s

& ¢ Y Aa £ | | a £ a
%LUuUiSIEJGU“LJGIEmﬁWGumEJWlaJﬂalﬂﬂ’liaaﬂi]VlﬁImJ‘] ?JﬂmﬁlmmmmEJLﬁ‘J@JE]VlﬁﬂUEJWm

Iaglutagiule
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UszaA

1. Lﬁamaa‘umamaq oxidized LDL sionsiluiiuiarn1sasna oxidative stress Tu
wadUsvaEaes

2. |ilevndaunaves oxidized LDL #onSuanioanuaznIs¥ineuyes CREB v
wihilumsadrenunseslueaduszam

[

YDULYAYDINTTIVY

Tnsin93deil Fsfignuszasdifofnyfiaunumues oxidized LDL #on1siUdsunas
299 CREB Iumaa‘ﬂizmmwwmgm human neuroblastoma cell line, SY-SY5Y 675& LDL ‘ﬁ
Isfagvinsthuueninain plasma #6§U91n blood bank  wazazvimsnseduliiAnns
oxidation #relangniin Tuidld CusO, waznsUsuidiu neurotoxicity Aewwaduszany i
15lnan159n cell viability e MTT assay waz8i9s¥n1snagaunIz oxidative stress i
onaintulumadUszam arensiausunames ROS fAntuneluad dmsunisneaou
Nawes oxidized LDL #on1591a1uves CREB azUszidiulag western blot @sazviinisin
USu4v99 total CREB Wag phosphoCREB %ﬂLﬂugUﬁ@@ﬂq%é (active form) w89 CREB
n1sLUasunlainisuanseanaoslusiu CREB wian151Uasunlasdadiunisiia
phosphorylation 98¢ CREB azaunsaltusziiiunaves oxidized LDL Revensuansaan
wazn15¥uYes CREB I sazanunsadonlosluiinssuiunsadnemnumsasisssuisas

[

e lngnsneaeunares oxidized LDL  Tunne n1snaaeslulasinisided agviinis

ee

Wguwigunu native LDL w@u® WiaUseLiunaianizsanyadain oxidized LDL

MO8 AUNAFIY LANTOULLIAIUAAYRLLATINIGIRY

v a P P - ] & ¢
Gﬂqﬂﬂ@%aﬂl’ﬂEJﬂJﬂ']ii']EN'WUQQ‘UV]‘U']VISU@\T oxidized LDL #8AINUL@ADUYDILAA

1%
va v Y

Uszam uavanuduiusues oxidized LDL flunnzvedsadalowes fI3edmsauumigiuii

oxidized LDL 91992Nafon15a519ANUNSIINTEAULLAR LA LA8SUNIUNITYIN9I1UYDI CREB

[
a

Fehanufgiuvedlasinsived Wuluaunaald azausadnwiresenluszauaninalnlu
nsiAsulUasnisyineuues CREB ¢ 1wu Anwnilsunuimvesioulssl kinase %39
phosphatase vslianiglugadUszan Me1alinanisnisnseruviseduds CREB Fuidela

Muunuaganiunisluewandsly uenand@nwinalnlussdudnudy JUwuUNINARBIlds

91919 Ju model  vaalsadalaiuesdniuunilald deanursaldlunisidenaasuiiosdu
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(screening test) vaaasine9 ldinagiuansainansssumnsoansdansiz Anninaedl

gmstunislesiunsesnwilsadaluwesla

Uszleviifianadnazlésu

1. 997U neurotoxicity effect ¥99 oxidized LDL G]IE]L‘(JaﬁU%ﬁ’WILWWBLgEN

2. MTIVUNUMTS oxidized LDL #oN1SLARIOBNLAEN1SHIUTEY CREB 999%
AINARDNTLUIUNTASIAUNTITITEAULAE

3. wan1sAnwiilaazinlUmeunslnenisiiauenany waz/vse anunady

1158153V INTTEAVUIUBIANIOTEAUVA

4. Walonaliinidesulunl Faduddnusgglnseoen Whufdwsulunsivy
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NN 2

gunsaluazdin1sanliun1s3de (Materials & Methods)

1. @15uAd

1. Actin antibody (Cell signaling Teahnology®, Boston, USA)
Ammonium persulfate ( APS, Sigma, Missouri, USA)
Absolute ethanol (AR grade RCI Labscan, Bangkok, Thailand)
Acrylamide/Bis' 37:5:1(30:0:8),40% (w/v) (Amresco, OH,USA)
BCA protein assay Kit (Thermo Scientific, Rockford, USA)
Bromophenol blue(Sigma, Missouri, USA)
Copper sulfate (CuSOy, Ajaxfinechem, Seven Hills, Australia)
CREB antibody (Milipore, MA, USA)

0 o N oo kLD

Phospho-CREB antibody (Cell signaling Teahnology®, Boston, USA)

—
(@)

. Dimethylsulfoxide (DMSO, cell culture grade, Sigma, Missouri, USA)

—_
—_

. Disodium hydrogen orthophosphate anhydrous (Na,HPO, , Ajaxfinechem,
Seven Hills, Australia)

12. Dulbecco’s Modifide Eagle’s Medium-low glucose (Sigma, Missouri, USA)

13. 2°,7’-dichlorofluorescein diacetate (DCFH-DA, , Missouri, USA )

14. Ethylenediamine tetraacetic acid disodium salt dehydrate(EDTA, Molecular
Biology grade, Sigma, Missouri, USA)

15. Fetal bovine serum (FBS, Gibco, California, USA)

16. Glycine (USP grade, Research Organics, Cleveland, USA)

17. Hydrochloric acid (HCL, Sigma, Missouri, USA)

18. Methanol (AR grade RCl Labscan, Bangkok, Thailand)

19. Methylene blue (Sigma, Missouri, USA)

20. 2-Mercaptoethanol (Bio-Rad, Philadelphia, USA)

21. 3-(4,5-dimethlthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT, ultra
pure grade, Amresco®, Solon, USA)

22. Nuclear extraction kit (Milipore, MA, USA)

23. Penicillin and Streptomycin (Gibco, California, USA)



24,
25.
26.

27.
28.

29.
30.
31.
32.
33.
34.

35.

36.
37.
38.

39.
40.
41.
4z.
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Phenylmethylsulfonyl fluoride (PMSF, Bio basic, Markham Ontario, Canada)
Potassium chloride (KCl, Ajax finechem Pty Ltd., Taren Point, Australia)
Potassium dihydrogen orthophosphate (Ajax finechem Pty Ltd., Taren
Point, Australia)

Protease inhibitor cocktail (Sigma, Missouri, USA)

PageRuler Prestained Protein Ladder (Fermentus, Thermo scientific ,
Rockford, USA)

Peroxidase anti-rabbit 1gG (Milipore, MA, USA)

Peroxidase anti-mouse IgG (Milipore, MA, USA)

Sodium bicarbonate (Na,COs3, culture grade, Sigma Chemical co.)
Sodium chloride (NaCl, Ajaxfinechem, Seven Hills, Australia)

Sodium dodecy! sulfate (SDS, Sigma, Missouri, USA)

Sodium orthovanadate (Na,VO, Ajax finechem Pty Ltd., Taren Point,
Australia)

SuperSignal® west pico-chemiluminescence substrate (Thermo scientific ,
Rockford, USA)

Thichloroacetic acid (TCA, Sigma, Missouri, USA)

Thiobarbituric acid (TBA, Sigma, Missouri, USA)

Tris (hydroxymethy) amino-methane ( Molecular biology grade, Research
organics, Cleveland, USA )

Trypan blue ( Cell culture grade, Sigma Missouri, USA)

Trypsin/EDTA (0.25%, Gibco, California, USA)

Tween-20 (Bio Basic, Markham Ontario, Canada)

1,2-DI-(Dimethylamino)ethane (TEMED,Calbiochem

Cell line and Plasma

1. Human neuroblastoma cell lines (SH-SY5Y, ATCC Manassas VA,USA)

2. Human plasma obtained healthy volunteer from blood blank Naresuan

University hospital
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2. \n3esfioAnenAans

1. Centrifuge Bottles Polycarbonate (10.4 ml, Beckman, USA)
Beckman Coulter Optima L-80 XP Ultracentrifuge (Beckman, USA)
Type 90 ti rotor (Beckman, USA)
pH meter (520K, Mettler-Teledo GmbH, Schwerzenbach, Switzerland)
Autoclave (HA-300P, Hirayama Manufacturing Corporation, Saitama, Japan)
Incubator CO, (Forma series Il, Thermo Fisher Scientific Inc., MA, USA)

Laminar flow hood (Heal force®, HF safe 1200/c+, Shanghai, China)

©® N o oA LN

Microplate Spectrophotometor (Multimode detector DTX 880, Becman

Coulter, NSW, USA)

9. Semi-Dry blotting (Bio-Rad, Philadephia, USA)

10. Vertical gel electrophoresis (Model Mini-PROTEIN Tetra Cell, Bio-Rad
laboratory, Philadephia, USA)

11. ChemiDoc " XRS" with image laboratories software (Bio-Rad, Philadephia,

USA)

A5n1santiun1sIvY

1. nasUusen LDL (LDL separation)

wananfilduangithogunmiainsumsidenlsmenunaumingdeuses 1l
Junen LoL (d = 1.019-1.063) 778 density gradient ultracentrifugation [13] (gih?i 1) Ingnanaun
QNUTUANUMUIRUULIINAY 1.20 ¢/mldng solid potassium bromide (KB widUiUaUIuIng
2.8 ml 1d ultracentrifuge tube VUM 10 ml Mﬁﬂﬁ]’lﬂ‘ﬁu overlaid with gradient salt density (NaCl)
771 0.02 % wi EDTA  auvuinyy 1.006 o/ml udathluduissfinanusy 65000 mpm 7
gaunndl 15 °C Luinan 3 s deiaTes ultracentrifuge ( type 90 ti rotor) H&INTUYIINS
AU LoL Tneld pasture pipette WSWLAUYDS VLDL, DL WAIRARNTLA UM TR IFIUTIIM
1819 tube WU dialyze Tu 1x PBS, pH 7.4 751 10 uM EDTA tHutaan 24 $2lua Aewinisiiy
LOL N5896178 0.2 pm pore-size membrane mﬂﬁ?ui’mmﬂ%mmiﬂsﬁuﬁw BCA protein assay kit

warau LoL liinelel N2 gas Nignungf 4.0 °C WieAnwInsiin oxidation sty
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6.6 mlL

—

[~

2.8 mi

I
High density plasma
d=1.21g/ml

Salt density
d=1.0063 g/ml

density

1.0063 g/ml

1.21g/ml

Centrifuged at
65,000 rpm, 3 hrs

Density (g/ml)
0.95-1.0063
1.006-1.019

1.017-1.063

> 1.063

Chylemicren
and VLDL

IDL
LDL

HDL

3‘1]17; 1 38n15uen LDL 1aed3 density gradient ultracentrifugation (Beckman

Coulter Optima L-80 XP Ultracentrifuge , Type 90ti 65,000 rpm, 15°C)
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2. A15LAA oxidation VDY LDL
NSYALAR oxidation YTMALAEUL LDLAMIINTY 1 me/ml A8 CuSO, NAINMLTNVY

a 1

f199 Kafl 5, 10, 25, 50, pM flgauvndl 37.0 °C w 1IawneY mﬂﬁ?wqmﬂﬁﬁ%mmnﬁm
oxidation A18A5LAY 0.3 uM EDTA wazti1lUim lipid oxidation #1128 TBARs assay nau1luvinnig
VPAABIILVINNITNTOI oxidized-LDL A8 aricron 30 kDa cut off 9131 1x PBS pH 7.4 wadatiluily
WiBsil 3600 rpm 5 AT s5as o EDTA way cuso, wawantuhlusausinallsiu

18 BCA protein assay kit neuihluiinisvnaes

3. n159a lipid peroxidation #78 TBARs assay
nsAfiuluvesfATen oxidation wes LDL lasmswdlent nativelDL Ay
Fudu 1.0 me/ml $ae CusOa fimnududu 5, 10 ,25 waz 50 uM 7 37.0 °C a1 0-24
lus ndungauAserdeniadu 0.3 pM EDTA wiiluudly ice bath Aamumsiin
lipid oxidation 998 TBARs assay men15inufisen lipid peroxidation lagazinusunn
malondialdehyde (MDA) %dLﬁumammaqmﬁ’lmawﬁﬁ%m lipid peroxidation Tagn15LAu

TBARs reagent (10% trichloroacetic acid, 1% thiobarbituric acid, 5%HCl wag 1% SDS)

W& incubate 7 90 °C WWunan 1 9 ndnduididusdniluinnsganduuasi 532
nm

e SeRadeniimnududures 10 M cuso, Tunswiethn1siin oxidation V89 LDL
TABUUIANLUTIYBINITLAR oxidation (degree of oxidation) MaalTlun1sAnUFRATeN B3

WUl mildly oxidation of LDL(mox-LDL) agldiialunisifinufisen 2 49lue waz fully

oxidation of LDL (fox-LDL) Agliaanlunisiinufiizen 16-24 4alua

4. MswziAeaad

Human neuroblastoma SH-SY5Y cells line 1¢ia1n American Type Culture
Collection (ATCC) idsa@adang Dulbecco's modified Eagle's medium (DMEM)/Ham's F-
12 718l 10% fetal bovine serum (FBS) uaz 1% penicillin-streptomycin 114%1’LW’13L§EN17‘1‘
gaungil 37 °C (saturated humidity atmosphere fifl 95% air waw 5% CO,) Tumanides
wad 75 cm’ ndmnwadiinsiuiuauieudiuituvemandsasad (90-95% confluent)
3995 subculture ilglneasnwadoonanituvinaoagaddetach)fae 0.25% trypsin

Tu Ca2+—, I\/\gztfree phosphate buffer (PBS) fif 0.2 g/L EDTA lald split ratiol:4 quﬂf"]
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3-4 Ju dwsumsihlunaaey wadasgnidedlu 96 well plate 5o dish ndRNauLad 24
vy, azvhnsideuevisidu DMEM/F12 931 1% FBS way 10 uM retinoic acid wagides
Juan 6 fu Wienssduliwadiie differentiation MilldnwazveawadUszam Feay

sraznaluMsagsraaUsyann 10 Ju

5. MsNAEaUN1sATINVBLwas (Cell viability test)
NIAAIUNTLTINToAUDNTAaUTEa M SH-SY5Y human neuroblastoma cell
line annsainlalagld MTT assay [3-(3,5-dimethylthiazol-2,5-diphenyltetra-zolium
bromide) Tnendeamad 2 x 107 wwadse well Tu 96 well cell cuture plate Wuran 24
Flus udwhns differentiate wad 2 ade atter 3 Yu udwlBsunnidoavadly low
serum medium 80 1 U ududn mildly & fully oxidized LDL wag normal LDL e
it 10, 25, 50,100 uag 200 pg/ml lngld nauilslldiAuamaaouliunguenuesuas
Foamadsadunan 24 dalus iy 10 pl vas MTT (5 me/ml azanelu PBS buffer)
Tu 2 dalusrouAuanmanagey Sshewnaidsneadoon wdaufiu 200 L DMSO:EOH (1:1)
uazUnigamgiiz7 °C Wunan 5 wil Aewhlusudnsganduuasit 570 nm e

spectrophotometer

6. N159a ROS nelulwaa

n15iAn1sLAn ROS fnnteluwadussaminziaes SH-SY5Y human
neuroblastoma cell line vilalagld fluorescence probe IGWEJL?:EN IWEJL?;{ENLGUaﬁ 2% 10"
wadse well Tu 96 well black side clear bottom pLateslua']miLgENL%ﬁﬁhjﬁﬁ(no
ohenol red) Junan 24 F3lus udawins differentiate wad 2 a%e adsar 3 Ju uda
WasunAsasadly 1% serum medium 8n 1 u uwdufu enududugaielo pv ves
2’7’ -dichlorofluorescein diacetate (DCFH-DA) Feazarwly methanol aﬂummilﬁm
\wadilalid (no phenol red) incubate Vsiluwian 30 widl 71 37 °C 91niiu Srawadae
PBS ie11 DCFH-DA fimdeaen uwda mildly & fully oxidized LDL wag native LDL fian
Wty 10, 25, 50,100 waz 200 pg/ml aan 1, 2 4 uay 24 Falusmuddiu ROS AT
meluwadazyiu izt DCFH Idansioanas 2, 7-dichlorofluorescein (DCF) Bsanunsa

Sol&7 Ex 485 nm wag Em 530 nm
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7. nsiaUBeunUaduaInsuandeanvas CREB #ae western blotting

{389 SH-SY5Y human neuroblastoma cell line #il§n1s differentiation udly
60 mm dish #8 mildly & fully oxidized LDL uaz normal firandudu 10 pe/ml Tugag
na1 15 way 60 Wl wdhesidsseadeandsiae PBS wiiatnlusfiuaniundea
(nuclear protein) @28 nuclear extraction kit (Milipore) waginuSualusiunay BCA
assay kit (Pierce®) UlUsAUUSUI 20pg/ml  WILENA1Y polyacrylamide  gel
electrophoresis (12% SDS-PAGE) wala18lusAuasuu polyvinylidene difluoride(PVDF
membrane) nds1ntusNg block non-specific binging A8 5% non-fat milk Juiaan
1 Falusarniiugre membrane #ae 0.5% Tween 1u Tris buffer pH 7.6 Waviaa 3 ase ads
8z 10 W9 ezl membrane WL primary antibody : anti-CREB , anti-phospho-CREB

a

1 7 dilute 1:1000 wa anti-actin Adilute 1:10,000 dauazﬁmﬁqmmu 4 °C WJuwan 1

Y

AU 91NUUA membrane 728 0.5% Tween-TBS pH7.6 NawuA 3 ATY ASIaE30 U9 39l
MNUA3817U secondary antibody : goat anti-mouse horseradish  peroxidase

conjugated and goat anti-rabbit horseradish peroxidase conjugated 7l dilute 1:5000

]
oA

warunoaumofiviesduiian 2 Talug uda19e 0.5% Tween-TBS pHT7.6 MVUATIIVUA 3

9 Y

A ASI8L30  WIT ANNUULAN chemiluminescence  substrate WA MSIVADULAUNIT
a A Y a . ™ o v a ¢
LAMIBeNYIlUSAUNEULINIELATBY Chemidoc  XRS  NW3BUAUIATIZNAINUNUIVDILAU

a v ™
TUsAuAIElUSIATHN Image Lab  software

8. Anszvidaya

1%
o 1

MINeaeianIAIsigIegtey 3 AS1 Yayaiilsann western blot agtlum

ANMUNYDILAULUSAULAIUILNIASIEY  taeldA1nneadd  ANOVA  Tunisuseuiiuaing

v

wanseEalitd1ty (p < 0.05) 5¥niNNGY treatment UagNguAIUAY



20

unil 3

NanN15nnaad (Results)

A15LHe21IN15L00 oxidation Y89 nativeLDL A28 CuSOq,

NSANENAN1IEASLAR oxidation v8e LDL "lalaenis induce LDL ALty
1.0 me/ml ¢e CusO4 fipudiudu 5, 10,25 waz 50 pM 7 37.0 °C 1a1 0-24 2l
MniungaUiAzedensiy 0.3 uM EDTA winirluugly ice bath andurinlufinaunis
\An lipid  oxidation @18 TBARs  assay S‘z’fwmi‘;lumwi’mmamﬁmeﬁqmﬁwmaq lipid

peroxidation 1130 MDA UaAINARAIFUN 2

PNHANTNAGBINUTY CuSO, ansnsawnilenni LOL ThARUARTeN oxidation ¢
Fefudsannsoldiduliealunisin oxidation uifestusgfusnsndruimangaures LDL
LAy CuSO, FsAnwianIEivINzaYeInIsiin oxidation luguil 2 dnwagnsiingy
wuseonidu 3 phase A9 lag phase, propagation phase wag termination phase[14] lag
wu31 LOL audiudu 1 me/ml 71 induce &8 25 uaz 50 M CuSO, azlinuszes lag
phase lagazLAn propagation phase Wit Tupe19590157 wa termination phase @AY
Fududl 10 M eflszes lag phase inTu finnududuves Cuso, dewq Siliiin
oxidation u3eiintutiosann (lag phase) ieswIndnsidiuves LDL uaz CusO, i
winzay uadloriuaududuves Cuso, WLy n5iAn oxidation ALNTUBEITIRLE
(propagation phase) wazidumsivieanandntesdieldanududuves cuso, 6N
(termination phase)

Yoy fAdeTadeniinrundudures 10 uM Cuso, lunswieatiinisiin oxidation
209 LDL TguUInnuusawainIsiin oxidation (degree of oxidation) snaaandildlunns

\AnUFATen Fauvadu mildly oxidation of LDL(mox-LDL) agl#iianlunsiinufizen 2

a

#lus uag fully oxidation of LDL(fox-LDL) agltaalunsiinujiGen 16-24 Falaa degy

2
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—+— 5 M CuS04

—&— 10 M CuSO4
——25uM CuSO4
——50nuM CuSO4

sUfl 2 mafaUfiSen oxidation wes LDL LDL #imrwududiul me/ml gn

wilgtlAnnTg oxidation A8 CuSO, NANMINTY 5, 10, 25 wag 50 uM Tugag

ILYLLIAINN
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NavaY mox,fox-LDL uaz LDL fan1sdainsenvesivas

Tun1snageunavas mildly oxidized LDL (mox-LDL), fully oxidized LDL (fox-LDL)
and native LDL (nLDL) #ion15083nT0nU89aav84988 SH-SY5Y neuroblastoma cell
Tneidoawad SH-SYSY neuroblastoma cell #il§vinnns differentiation udasmadaudng
mox & fox LDL wag nLDL fimnadudu 10, 25, 50, 100 waz 200 pg/ml  tHuan 24
Flus ndurhnsiieseRsuIuaaTisendin (cell viabillity) §e MTT assay Wu31 SH-
SY5Y hurnan neuroblastoma cell fivaaousie fox-LDL n15idinsenveseadanani
Usmannanduduves fox-LOL finaasu Tnsazidiunadnaufinniudu 100 way 200 pg/ml
(Ul 3) \lewfleuffunga control wag nLDL ¢uddy widniuisadfidssdae mox-LDL

way nLDL Wuan 24 9aluaiudy wudn lilkafen15anavean1sidinsonvasas

UIININTINTOAUR YRR ADY |aNaINIUINIAIUOY mox-LDL way nLDL 91 100 uag 200

o
YA v &

B398

o w a

wildfifoddymeadn annswideninisinesndinduves LOL ¢e CusO, fatiy
I¢insnses CuSO, #e amicron tube fifl PBS buffer routhlushnisnaaeuynads
dlosnenaiinadensitinsenveusad wasvinsvaaeun1sitinsenveusadiiefininy
Wntugaving 1 uM wudn 1 pM CuSO, Wifinasienisidinsonvewad witeyaldliuansly

U

Y
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120

100

=]
=]

=
=1

Cell viability (% of control)
)
>

(]
(=]

O LDL
Bmox-LDL
control __ ' mfox1DL

control

10 25 50 100 200

Concentration of LDL (ng/ml)

sUfl 3 wavas LDL en1sidiinsen SH-SY5Y neuroblastoma cell LDL 7

NaaaUAeY oA nLDL, mox uway fox-LDL lagin?inae3s MTT assay #vian 24

Falus nquasuau Ao naunldlasuaisvaaeu wanwmailu % of control (Mean +

SEM) 210 4 n15naaesg, * p <0.05 WwuAu Control, Way **

native LDL, NU mild oxidize LDL

p <0.01 WiyuAy
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NAaYB9 mox, fox-LDL way LDL fian15iian1ae oxidative stress lutwaa SH-SY5Y

neuroblastoma

=

nsruIuNsaiIseuyadasy (ROS) Muniivly Wedndudadendefidnaidsly
nszUINMINUvLYadlnslanziadUszamIsiinuidenuin mainn1iy oxidative
stress Wudadenilslunszuiunisiin neurodegenerative disorder i lspdalawes Tu
N1INAGBUNATDY mox Wag fox-LDL and nLDL fian1sinn1zoandatuuassasd SH-SY5Y
neuroblastoma  Ineldswadiilévinig differentiation waunmAgeUse mox uaz fox
LDL uag nLDL fimnandudu 10, 25, 50, 100 wag 200 pg/ml  udwhnisianisiineyya
dasz (ROS) auluwad SH-SY5Y neuroblastoma @7 intracellular ROS assay lagld
fluorescence probe 1 1381 1,2, 4 wag 24 F1La NANISNAREINUIN 7 1 Falae 1wadd
NaAaUFIY mox WAz fox-LDL fnsa¥euuadase ROS) laeifudumuaududuyes

a

U311 mox uay fox-LDLvnsnaaeu uditaulafie mox-LDL dinsasiteyyadase

[ a

1A fox-LDL Tngiamzanuiduduil 100 wag 200 pg/ml sgnsitodfanvadfnasiiiu

TRRUANAT 2, 4, wag 24 Talusauaiu (U7 4 ) Tuvaed nLDL Lifinadonisnszdunis

(%
P

aseuNadasy (ROS) wenanilfidedalavinmsiuieuiieu navesiadenisiineyyadase
(ROS) MLANANNAINAFDUAIY mox Wag fox-LDL and nLDL 1AULNTIU100 pg/ml Wanns

NARDINUTT 381 4 TIlue Niwadnaaaunig mox-LOL fin1saieeuyadassunniian way

'
a

1A fox-LDL wagnsasieuyadaszanasiiign 24 13lusdae193einannsiganisud

nsmeiadu (Ui 5)
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Intracellular ROS level (Ratio of control)

n

10 15 50 100

Concentration of LDL (pg/ml)

200

OLDL

Wmox-LDL

| fox-LDL

Intracellular ROS level (Ratio of control)

0 10 25 50 100

Concentration of LDL (pg/ml)

200

Intracellular ROS level (Ratio of control)

10 25 50

Concentration of LDL (ng/ml)

100

200

O LDL
Bmox-LDL
B so0x-LDL

Intracellular ROS level {Ratio of control)

0 10 25 50
Concentration of LDL (ug/ml)

100 200

# oLpL

Bmox-LDL
W sox-LDL

sun 4

NaYas LDL  fan13a31eayyadase (ROS) ¥a9 SH-SY5Y human

neuroblastoma cell (wadgnideswIe nLDL, mox kaz fox-LDL AAududu 10-

200 pg/ml fnan 1, 2, 4, uag 24 Falus Ae3U A, B, C uag D AUaRY NAUAIUAY

Ao nauiililesuansnageu wansrailu ratio of control (Mean + SEM) 910 4 113

NAaBY, * p <0.05 Wiwuiu Control, wag # p <0.05 WBUAY mox-LDL
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VR T v

*H#

G G

Intracellular ROS level (ratlo of control)

=
I

Time (h)

ONative LDL. ®Mild oxidize ®Stongoxidize (100 pgiml)

Ul 5 wavas LDL (100 pg/ml) 1atden1saiisayyadass (ROS) Tuwwad SH-
SY5Y human neuroblastoma cell ‘ﬁmm@i’mﬂ Feaeadee nLDL, mox ey
fox-LDL fimnandudu 100 pg/ml waznaaay intracellular ROS fian 1, 2, 4 way
24 13 uansnarlu ratio of control (Mean + SEM) 911 4 N13NAaY, * p <0.05

WiguAu Control, wag # p <0.05 WBUAU mox-LDL
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NAYd9 mox, fox-LDL wag LDL sian1svineruwaslusiu CREB
nalnnisa¥isaudimiedlaanaiedn CREB 1 transcription  factor i
mnwddnlumsiasudeyaiiwaduszsamiiisaglasu Fsdmdu short-term memory Uiy
AINUNTITITEELE1INTe longterm  memory 1n8RIUN15YN91uYes CREB Faifu
transcription factor finulgludundsavessadnarssinsiuduvaduszam CREB awnsa
gnnszsuliinn1s phospholylation I¥annaneidmadaendnudrazanainnsiiatuves
s¥U CAMP wie Ca” Tulalnwana@uuazsinulunng protein kinase mannwaneeia a1nty
phosphorylated CREB (pCREB) azdufiuanefiduieudnadiniiizenin cAMP-regulated
element (CRE) udwhausamdulaanasna iemisniliiSunszuiunsnsasnsviaves
fuduarairalusiu dadusiudannsonelfifnmadouuasauilusserenn nismeaesi
§Fnwilusfiuaessia Ao phosphorylated CREB (pCREB) dullu active form vad CREB lng
¥n1sUSeusioy fu CREB Tngides SH-SY5Y neuroblastoma cell line 2x10° wwad ld
s differentiation W&luw 60 mm dish @78 mildly wag fully oxidized LDL Wag
nativelDL finnadudu 10 p/ml Tugaanan 15 war 60 Wil wdhemsideasadenn
419728 PBS warinisinulusiuaindaedea (nuclear protein) éiae nuclear extraction
kit Taewfiudsu nuclear fraction wagAwinmnUsalusiudiiothunyiinisasivaeuuay

1UsAURE 75 western blotting

NNSIARDINUIN 7 15 U7 1wadTineaeudie nlDL uas mox-LDL finsuiniy
YDINTHANIDDNUSO3ZFUTRSIUAY CREB uiwadiinnaaudag fox-LDL finsanaswenis
seuveslusiiu CREB agilfeddymadfdesIouiisuiunguaiuauuagnguiinaaey
18 NLDL waz mox-LDL wauzilian 60 uifl waafinagousie nlDL was fox-LDL inns
anasessesulUsAu CREB uslwadinadaudie mox-LDL finsiintuvesssuveslusiu

CREB 1Antioy welilalUSeuisuiwadnnaasusie mox-LDL M98 15 wag 60 U AwuIng

a

NN5anaYaITEAUTaIlUAU CREB (U1 6) Fauoradululdin nanfluniy e1etlnadenis
a$14lUsfu CREB uazenafinasontsvineuveslusiu CREB luguves pCREB 1 ndwnty
Felairdruaes nuclear fraction Nvn1sATIRERUNTSHERIDNUBNLUSAY PCREB %QL‘fJu'gU
active form ¥8¢ CREB U1 wan1sn1snaassaenndsslilumadeinunisanasessyau

voslUsiu CREB (U7l 7)
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15min, 10 png 250 -
~ aoLDL
S 5 Omox-LDL
CREB 43 kDa - r- - - = 200 A 2
§ mfox-LDL
ACtndSKDI gy —" - < 15 |
S
60 min, 10 Z control
He LR S e
=
=
CREB43kDa S »= S =
s 50
ActindSKDa S—G———
0
control TLDL  mox  fox 15 min 60 min

Ul 6 waves LDL sen1sineruweslusiu CREB vaalwad SH-SY5Y human
neuroblastoma cell Ld8aw@aanIe LDL, mox tag fox-LDL AMsLUuty 10 pg/ml
fiaan 15 wag 60 W7 wazian15vaues CREB #1835 western blotting wanina

WJu % of control (Mean + SEM) 911 4 n1snaaes, * p <0.05 Wigurfu Control
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1S min, 10 ng

pCREB43kDa Mss s G oo

CREB43kDa e Saas S S

60 min, 10 pg

PCREB43 kDa | swune Pe—

CREB43kDa MSss =oosm Sl s

control [Py mox fox

Uil 7 uansn1siUSeuiiisunavasnisuanseanvedlusiu pCREB uas CREB ¥as
WWaa SH-SY5Y human neuroblastoma cell Lgmmaé@ha LDL, mox way fox-
LDL mnandiadu 10 pg/ml Anan 15 uaz 60 Wit antusmsiuiusiluday
nuclear fraction THUSINaUlUSAY 20 pg/ml VBdLwARNILENAIE12% SDS-PAGE e

auaulusAuves CREB uag pCREB e western blotting
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uni 4

aAUT8uazasUNan1snAaas (Discussion & Conclusion)

2AUSIYNANITNNADY

luanenisgaulviulubdongs dwlngdnasifeitesiuseavveslalnlusiuyiln

[
=

ANLMLULALAY (LDL) iingedudie §9 LDL anansaiianszuiueendnduliieuaziia
dunsey 1Buaummdfylunnfalsaieadunasnidentazila uiansgaunsanei
H1uEIMU N1siinnngainanddinadsenisvinuvesgadUsvamiazinliiwadangain
mMafiaturesseiuunaidon uay euyadasz (ROS) fe udnalnfiAsadestuausdiy

Fupddelaivaiau

wazseunsAnwludagunuanuduiussening §aslszdu DL Twdeonge
FUNUSAUNITANEUBY cognitive score [6] Wag IuwawammeQﬂaumLﬂuiiﬂaalmma‘ Hszdiu
LDL protein carbonyl content #igsninnguaiuas [7] uenainil D wudludlvdundves
Fuhofidulsadalemosilszfiures oxidized-LDL antibody igsninauund [8] msAnwily
Fainpass wuin lunszinedilasunisidesiiseimsiia cholesterol g insagydenns
yhaluiuieadesiunsBouiiazanud safssunumiitues Blood brain barrier
(BBB) vinlvigayLden1svinanunasiinis leakage 104 (BBB) [15] waziin15Usngves apo-B R
Judruusenouitdfyves LDL Tuaued[16] Samudnin cholesterol mﬁaﬁﬂﬁﬁmﬂﬁmmi
drvauue lUsAuezuanualum AB [10] FuAnannszuaunis protiolysis ¥84¢ amyloid
precursor protein (APP) 1Usfiu AB Aeliwadiinnsgaydonisvihnunasiduaiveves
nsvvaunsAnlsadaluses usnalndl cholesterol MiendostuiunisiFeuauslums
mataadalansudaau

Tunsnnaesiasiiinguszasdifiodnwidaunuinues oxidized LDL  #enis
WasuuUaswes CREB luwwaduszamimziaes SH-SY5Y human neuroblastoma cell line
&4 LOL fildazvinisdunenuiain plasma Ail§5uann blood bank sesumineduuLseas
pdsntuinsnszdulfAnns oxidation delanewidn Tl cuso, uazmasouns
\in oxidation 783 LDL %18 TBARs assay dailunsinszdunes malondialdehyde (MDA)

a [ a

Fadundndugiiiinain lipid peroxidation vesladunielu LDL (gﬂﬁz) waglavinnns
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NAADINIAIIULTUTUVDS LDL waz CuSO, Munrzaulunisinteniliia lipid

peroxidation U771 LDL 7 1me/ml wag CusO, 71 10 M uanududuiivunean

(5UN12) wenanil wudnileviinis oxidaton  wes LDL ¢y CuSO, n13ifia lipid

[
(2

peroxidation  ALLANVWLTOYY AIUTTELIATLANTY AauIFeTudenseuziialuns

=

\AaUfATen 2 lasdm¥unisiin mox-LDL uay 16 -24 42l dm3u fox-LDL (52 ) Tu

A v o

mythlunageunismevessad Wewndideduilgiu 91 oxidized LDL Minliwadnetuy

madlilaegluaninves lipoprotein particle Mwiangay In1sunnaalevesluiu dawal

lipoprotein particle &oly

lun1snegeu neurotoxicity molwaausya@ MU oxidized LDL Wu31 SH-SY5Y
human- neuroblastoma cell line IMAgeUMY fox-LDL n15833nsenvodgadanainiy
USunaumnuiduduyes fox-LDL finnaeu Ingagiiunadaauinaniiudy 100 way 200 pg/ml

I3

(Uii3) laifteuifungu control wag LDL aud iy widniuiwadiiiesdas mox-LDL way
LDL 1Buiian 24 daluaduiu nud hLifnasenisanasveinisidinsenveasad deudiinnig
fiT3nsonvenvadrosqanasiuuiawes moxLDL  uwag LDL AULTL UG bl
Wod1Ayn1eadd anwan1sveasauansliiiuii oxidized LDL dauduiivnsiwaduszam
liwaduszameney Feoxidized LDLonwvlvwadaiauuy apoptosis lnenseaunIs
yhauveseules caspasel3] uenanil oxidized LDL Sufiunisairzeyyadass (ROS)

v o

& v Y] 2+ a ¢ a X & @ ] %
uaﬂ‘ﬂ']ﬂ‘U?N‘V]'ﬂ,‘Vﬁgﬂ‘U Ca LLﬂaL‘?fEJiJﬂ']SIUL“UaaLWNGUUN']ﬂQUL‘Uu@u@T]EJWQLaﬁaé‘lﬂ[7]

vYa v I

uideithalade fidewuinilenaaeunisaing oxidative stress U9319aE SH-SY5Y
human neuroblastoma cell line A3y intracellular ROS assay WU mox-LDL Tup31u
Wi 50 - 200 pg/ml nspdfunnsaEa ROS 1NN fox-LDL (3U 4) Fanaiiudaiauiinan
4 Filue Tnenaiaununnudiudures mox-LDL #ie1atldifiudn lipoprotein particle v
mox-LDL §3psan1nesnsineandindy 1innin fox-LOL Fan1sfimox-LDL §iadaninues
nMaAneendnduvnlieaaUsyamainnsa uptake mox-LDL Wrluneluladuinnindaia
A oxidative stress 11NN KALIINAITNUNIUITIUNTTULEAS AT TulwadUuszam
98l receptor  flanunsadufiu LDL uag oxidized LDLWu low density lipoprotein

receptor (LDLR), LDL receptor-related protein 1(LRP-1), apoE type 2 receptors, The
lectin like oxLDL receptor 1(LOX-1) iay The toll-like receptor-a(TRLA) [3, 5, 17] ¥l
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WwaaUseamaiunsa uptake  mox-LDLIANINNI1 fox-LDL  Tuveug?t fox-LDL  nelilia
SunI1e9 extracellular voswadLlnINNARSIIUDY lipid peroxidation L MDA Vil
WAARIE AINNANISNAADILAAIIIALTAUINS mox-LDLuay fox-LDL dunsiesoiwaduseay

LAYILAUVDINITANDDNTATUALNARDNTIANNTIE oxidative stress Aae

1uﬂﬁ1ﬁ;ﬁm%a’i’ﬂﬂiauﬁ%a cAMP response element binding protein (CREB) 1Ju
TWsAufiisrdestunisadieninumsssn @9 CREB 1 transcription factor  finulélu
Tuadgaveugadvatsviinsiufugadusyam CREB awwisagnnszauliiianig
phospholylation léannnaedane Inendnudrazananmsiiuduresssiu cAMP wie
ca”" Tulalnmanaduuazsiulumig protein kinase #a1nuatyvle ANy phosphorylated
CREB (pCREB) avduffuanefiduiousiindinudiiionin cAMP-resulated element (CRE) udh
yhausiudulaanasie WewmdenhliFunssuiunsnsaonsviavesdudseld [11, 18-20
] usin1siUAsuudasiilunaunain protein kinase  lnonssazasegifisudszezinamils
Wit (short-term) d@unsfl protein kinsae AsedunsieIuTes CREB azviliiAnnig
Fupreidulsiudun ddusfutannsoneliAnmaiouduasanusldidudiontu us
msieadiivanuannsntuliedlusulusiuasiinisaseglduiundt (long-term)(11, 18,
20] FavnmsAnufisuun wuin Tu cerebral granule neuron cell  fivhlAnn1e
oxidative  stress aaglalasiauileseanlan (H,0,) wuitnisuansesnuedlusiu pCREB
anasngluszeziian 199103 usn1sanasenIsuanteanveslUsAUCREB (Total-CREB)aY
wumsasuudasnielu 2 $lual21] wazdonudnin luauesweanyiviliiAnaiz

oxidative stress melusiu AR Faannsuansoonvaslusiu CREB ludau hippocampus

WAy cortex Mg [12]

TunsAnEinu 7 15 unil wadfinaaeuse nlDL way mox-LDL Snnsifiudu
yoanTsactivation  veslUshiu CREB  udlwaafinadausis fox-LDL  3in15anasvuesnis
activation 09lUSAUCRER uditian 60 wifl waafinadousie LDL uas fox-LDL iinng
anAeINIs activation TUsiu CREB uslwadinnaausie mox-LDLiinsiuduedysay
CREB &nton umilowSeuifisuwasiinaaausie mox-LDL e 15 waw60 widl Anuind
n13anadIaINTg activation vaslusiu CREB anas (3Uft 6) detfuoradululddn tanlunn
u 91ailnasions activation vedlUsiu CREB uavenaiinanenisuanioonvedlusiy pCREB

Wﬁﬂﬂ?ﬂﬁﬂﬁlﬁﬁ’]ﬁ’lusﬂaﬂ nuclear fraction w1YNNSATIAEDUNITUERIDBNVDILUTAU
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pCREB Faudiusy active form ¥es CREB wui1 nan1smsvaassaenndedlulumaiendiu
N158AAUB4NTS activation weslusiu CREB (5U7)  anmvasesiionadlsiifuinie LDL
war oxidized LDL finastenis activation waslUsiu CREB §019dwHasan 15uARI08NUS
1Usfu pCREB way CREB muunle

Faty anndngrunazauidefindnundnaduuds Gululddinnsi oL wae
oxidized  LDL wileatiinaifinniie oxidative stress anvlUiinasions activation w89
CREB  wA%IUNIUAS¥UIUNTT phosphorylation  CREBLY feusiinnisnaaesiiazdu ns
naaedlu cell culture model wsifiasnsaeduneldin msifiszdulusiu Tuidengs w3 LDL
war oxidized LDL 813sunIunalnnisasisausiveseaduszam dsaansanaunludu

Tsadalawasls Ingluannisvinauvesldsiu CREB Tuwadusyay
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dyuNan1INAaDY

PNNANITVIAADY T2AUNTIANDDNTATUYDY LDL  ANafoNTzUIUAITETI9NE
oxidative stress wazauduivsowasUszam Fan1sineondatusuy fully oxidized
LOL 9evilindunsnedl extracellular waziwdientliwadaeiiosanudndasives lipid
peroxidation (MDA) wauzdi mildly oxidized LDLiimswilenthliiAnnisadns oxidative
stress neluwadUszamenaazinaInns uptake oxidized-LDLunlUnelumad way i
LDL, mox wa¥ fox-LDL finanans activation v89lUsAUCREBFIA8lLUIULaANITLEAIDDN
yaslushu CREBIAEIinaInn1ssunIusienae oxidative stress wazonafinalndufiisidos
funsviheurediusi CREB SamsinisAnundenalni@edniiiudiusie LDL way oxidized -
DL son1svanuves CREB  wazilensiuienalniitniauuds nsdnwiiienansdsd
auantRlUsudafinalndinanfonsasfugadufuresnidouasimuolvfildsnw

Tsedalawaslaraluluauinn
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Oxidized Low Density Lipoprotein Induces
Oxidative Stress and Reduces Activation of
CREB in Neuroblastoma Cells

Panit Yamcheun’, Nanteetip Limpeanchob™ (ﬂ.
Department of Pharmacy Practice. Pharmacological Laboratory Research, Faculty of Pharmaceutical Sciences k PERCH-CIC
and Cemer of Excellence for Illuu\«auon in C}:leu‘ns.n'}«r Naresuan Umversny Phllsanulok 65000 Thailand J‘ PERDO
b i ahoo. (7

Alzheimer disease (AD) 1s the most common cause of dementia in elderly. The amount of suffering people from AD were 356 million individuals
and over 106.2 million of these affection is predicted to AD by 2050 worldwide. A number of studies reveal that hypercholesterolemia may lead to a
progressive of AD. Hypercholesterolemia is mostly related to high level of LDL that is vulnerable to oxidation. Extensive data have reported that
lipidperoxidation and oxidative stress associated in a progressive of AD but the understanding of mechanism is not well document. CREB is a
transcription factor protein involving the formation of long term memory. Phosphorylated CREB can be induced transeriptional activation leading to
gene products that important role in synaptic plasticity and cognitive function and CREB-mediated gene expression is impaired in AD brain and animal
models. This study was aimed to test the effect of LDL and its oxidized form on CREB activation in SHSY-5Y neuroblastoma cells. Mildly oxidized
(mox-LDL) and fully oxidized-LDL (fox-LDL) were tested in comparison with native LDL.
1. To determine the effect of oxidized-LDL on cell viability and cellular Figure 3. Intracellular ROS production.
oxidative stress in SHSY-5Y neuroblastoma cells. 7
2. To determine the effect of oxidized-LDL on the activation of CREB in - QLo
SHSY-5Y neuroblastoma cells. 5 =E~4 Qmex DI,
§ g, @ fox-LDL.
Methods is
222
1.Preparationof LDL 2. Preparation of oxidized LDL iz
m‘"'“::u.—-— LDL + 10 pcsor, E :
= 1,004 giml et | e Bore N
— LATRT R s ) 2R Tor moxLOL
L1 | ety - 16-24 h for foud 04 ) .
- T et o t ;‘. : ‘mem Concentration of LDL {pg/ml)
Figure 4. The effects of LDL, mox & fox on the activation of
Mot & foxd O filtes trough 30k08 amican
CREB
3.TBAR assay 15 min, 10 pg
mox & fex L0t + TRAReagent _— "!i‘ :.’:.::u)(.
HONTCA, 1 AKTEA, BRHCY FRALDS g - 2 el D
Figure 1. A separation of LDL by density gradient L S Actin $ShITe s ——— 5
ultracentrifugation at 65,000 rpm,15°C for 3 h with ’ Omin, 105 if‘ contral
type 90Ti Rotor Flunmscence (Ex 536 nm, Em 56 am) 3 g e
4. Cell culture preparation CREBAUD: M . G -
Human neuroblastoma SH STLY oclis |5' MTT assay PR ————
“-E-""E-W"”“ umnunxmsﬂsvov-t;:nluLmamm controd LD wes fox 15 min 0 min ":_:.:E.E
2 day
10 M Fstinoia acid, 1953 mu:m Figure 5. Comparison of CREB and pCREB levels
| Remove & Add DMS0 : EIOH 1:1 o
DMEMFI2, 1%FES _1Smin, Wpng
Za:
Differentate 5} ;sv::umuuum PCREBAIADy W S S
6. Measurementof ROSpmdinﬁon 7.Western blotanalysis | canaice (RS S
SHEY-GY ouls + 100 Differentialed SHEY-5Y ools (10 days) &l min, 10 pg
§ a0 min +10pg/mi LOL, moe-LDL & 5oxLDL PORED 43 kDa | SR e
Femove DOPH-DA SWash wilh 16185 B1s.60min
Nucles exiract CRER 43 kil — s S —
Treat LOL, mos & feaLDL
e Muciear protein R B R R
Fluomsonnce (Fx 485nm, Fm 535 nm) - . .
— I o l Discussion and conclusion
Figure 2. The viability of SHSY-5Y neuroblastoma cells
l_ﬂ Y T This study showed that LDL and its oxidized forms affect cellular
B, oxidative stress and the activation of CREB in SHSY-5Y neuroblastoma
7 B cells. LDL fully oxidized obviously showed cell cytotoxicity whereas LDL|
H and mox-LDL showed small effect. On the other hand, the intracellular
: ROS level was significantly induced by mox-LDL, supposedly through the
g direct uptake. In addition, LDL and both oxidized forms differently affect
§ CREB activation analyzed by western blotting. These results suggested§
that oxidized LDL changed viability and/or function of transeription factor|
possibly through the induction of cellular oxidative stress. Although this
coniet ‘:-_d:,_“,;_h.:,“ " :EEE;--! “ai0ot study was conducted in cultured cells, the results might support the idea

that LDL was one of the pathways associated with memory loss in AD
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A1AKNUN (Index)

A15799 1 NAVDIANULTUTUVDY nativel DL AONISUTINUDY SH-SY5Y human

neuroblastoma cell line M@ 24 Falus M35 MTT assay

Native LDL Cell viability(% of control) Mean SD SEM
(pg/ml) N1 N2 N3 N4

0 85.59 82.67 96.80 102.49 91.89 9.33 4.67

10 - 105.65 - 100.98 103.31 3.30 2.33

25 75.95 111.90 122.14 101.03 102.75 19.84 9.92

50 86.72 78.12 97.55 114.13 94.13 15.52 7.76
100 81.20 80.40 92.66 101.03 88.82 9.88 4.94
200 89.23 71.28 69.62 75.60 76.43 8.90 4.45

A15199 2 HATDIANILTNTUYDY mildly oxidize LDL#A®N15HAINYEY SH-SY5Y  human

neuroblastoma cell line 711381 24 ¥2l33 #1838 MTT assay

mox-LDL Cell viability (% of control) Mean SD SEM
(ug/ml) N1 N2 N3 N4
10 - 108.71 114.40 103.72 108.94 5.34 2.67
25 93.65 91.62 101.21 115.26 100.43 10.71 5.35
50 76.97 77.32 88.29 111.52 88.53 16.21 8.10
100 88.24 69.33 90.32 87.10 83.75 9.70 4.85
200 95.18 55.21 55.15 89.88 73.85 21.67 10.84
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A15199 3 WATDIANLTNTURY fully oxidize LDL @9n15833nv89 SH-SY5Y human

neuroblastoma cell line 711381 24 4213 #1838 MTT assay

Fully Cell viability (% of control) Mean SD SEM
oxidize N1 N2 N3 N4
LDL
10 73.71 89.40 130.99 105.92 100.01 24.49 12.24
25 74.02 109.81 99.68 118.58 100.52 19.28 9.64
50 83.42 76.19 87.44 77.03 81.02 5.36 2.68
100 76.69 46.84 61.83 10.49 48.96 28.40 14.20
200 43.44 19.30 14.76 1.69 19.80 17.44 8.72
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A151991 4 HAVIAMNLTNTUVBINative LDL, AU mildly wag fully oxidize LDL sion13a514

A1 oxidative stress Tu SH-SY5Y human neuroblastoma cell line ﬁL’Ja’l 1 Gfib’ﬂm

Native ROS level (Ratio of control) Mean SD SEM
LDL(ug/ml) N1 N2 N3 N4
0 1.00 1.00 1.00 1.00 1.00 0.00 0.00
10 0.95 1.02 1.05 1.02 1.01 0.04 0.02
25 0.94 1.06 1.06 0.95 1.00 0.06 0.03
50 0.89 0.98 1.01 1.02 0.98 0.06 0.03
100 0.83 0.97 1.00 0.94 0.94 0.07 0.04
200 0.69 0.85 0.83 1.34 0.93 0.28 0.14
mox-LDL ROS level (Ratio of control) Mean SD SEM
(ug/ml) N1 N2 N3 N4
10 1.65 1.66 1.20 1.05 1.39 0.31 0.16
25 2.18 2.01 1.50 1.17 1.72 0.46 0.23
50 2.53 2.69 1.60 1.34 2.04 0.67 0.33
100 3.78 3.54 1.78 1.44 2.63 1.20 0.60
200 5.03 5.43 1.63 1.48 3.39 2.13 1.06
Cu2+ 1.00 1.04 0.95 1.01 1.00 0.04 0.02
fox-LDL ROS level (Ratio of control) Mean SD SEM
(ug/ml) N1 N2 N3 N4
10 1.14 1.29 1.23 1.28 1.24 0.07 0.03
25 1.27 1.27 1.58 1.44 1.39 0.15 0.07
50 1.31 1.36 1.79 1.52 1.49 0.22 0.11
100 1.28 1.43 1.90 1.68 1.57 0.27 0.14
200 1.24 1.35 1.89 1.18 1.42 0.32 0.16
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A1997 5 NaTeIAULLNTUYBINative LDL, iU mildly wag fully oxidize LDL #on1sa3na

A1 oxidative stress Tu SH-SY5Y human neuroblastoma cell line ﬁL’Ja’l 2 ‘fib'ﬂm

Native ROS level(Ratio of control) Mean SD SEM
LDL(pg/m) N1 N2 N3 N4
0 1.00 1.00 1.00 1.00 1.00 0.00 0.00
10 0.96 1.01 1.03 0.97 0.99 0.03 0.02
25 0.95 1.08 1.01 0.89 0.98 0.08 0.04
50 0.89 0.97 0.99 0.93 0.95 0.04 0.02
100 0.80 0.95 0.92 0.82 0.87 0.07 0.04
200 0.66 0.82 0.77 0.67 0.73 0.08 0.04
mox-LDL ROS level(Ratio of control) Mean SD SEM
(ug/mL) N1 N2 N3 N4
10 2.17 2.12 1.32 1.14 1.69 0.53 0.27
25 2.87 2.61 1.83 1.37 2.17 0.69 0.35
50 3.27 3.47 2.13 1.66 2.63 0.87 0.44
100 4.72 4.42 2.47 1.86 3.36 1.42 0.71
200 5.75 6.18 2.12 1.84 3.97 2.31 1.15
Cu2+ 1.01 1.05 0.95 0.98 1.00 0.04 0.02
fox-LDL ROS level(Ratio of control) Mean SD SEM
(ug/mL) N1 N2 N3 N4
10 1.25 1.32 1.29 1.33 1.30 0.04 0.02
25 1.43 1.43 1.72 1.58 1.54 0.14 0.07
50 1.51 1.54 1.99 1.76 1.70 0.22 0.11
100 1.42 1.56 2.08 1.95 1.75 0.31 0.16
200 1.33 1.42 2.10 1.41 1.56 0.36 0.18
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A9 6 NATOIAULVNVUYBINative LDL, iU mildly wag fully oxidize LDL #on1sa3ne

A% oxidative stress Tu SH-SY5Y human neuroblastoma cell line ﬁL’Ja’l 4 %”ﬂm

Native ROS level(Ratio of control) Mean SD SEM
LOL(g/m | g N2 N3 N4
0 1.00 1.00 1.00 1.00 1.00 0.00 0.00
10 0.98 1.00 1.02 0.97 0.99 0.02 0.01
25 0.97 1.07 0.99 0.90 0.98 0.07 0.04
50 0.91 0.96 0.97 0.92 0.94 0.03 0.01
100 0.82 0.93 0.89 0.80 0.86 0.06 0.03
200 0.67 0.81 0.74 0.65 0.72 0.07 0.03
mox-LDL ROS level(Ratio of control) Mean SD SEM
(ug/mL) N1 N2 N3 N4
10 2.52 2.41 1.47 1.29 1.92 0.63 0.32
25 3.29 2.94 2.13 1.58 2.49 0.77 0.39
50 3.63 3.80 2.56 1.96 2.99 0.88 0.44
100 5.00 4.63 3.01 2.20 3.71 1.33 0.66
200 5.67 5.85 2.51 2.11 4.03 2.00 1.00
Cu2+ 1.03 1.04 0.96 0.99 1.00 0.04 0.02
fox-LDL ROS level(Ratio of control) Mean SD SEM
(ug/mL) N1 N2 N3 N4
10 1.32 1.33 1.28 1.35 1.32 0.03 0.02
25 1.52 1.51 1.74 1.61 1.60 0.11 0.05
50 1.64 1.69 2.08 1.82 1.81 0.19 0.10
100 1.54 1.63 2.19 2.04 1.85 0.31 0.16
200 1.44 1.51 2.19 1.45 1.65 0.37 0.18
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A9 7 NaTOIAULLNTUYBINative LDL, iU mildly wag fully oxidize LDL #on1sa3na

Mg oxidative stress Tu SH-SY5Y human neuroblastoma cell line ﬁL’Ja’l 24 %L'JIJN

Native ROS level(Ratio of control) Mean SD SEM
LOL(g/m | g N2 N3 N4
0 1.00 1.00 1.00 1.00 1.00 0.00 0.00
10 0.98 1.00 1.03 0.95 0.99 0.03 0.02
25 1.07 1.00 0.97 0.93 0.99 0.06 0.03
50 0.97 0.95 0.95 0.93 0.95 0.02 0.01
100 0.89 0.82 0.84 0.75 0.82 0.06 0.03
200 0.73 0.63 0.65 0.61 0.66 0.05 0.03
mox-LDL ROS level(Ratio of control) Mean SD SEM
(ug/mL) N1 N2 N3 N4
10 2.29 2.46 1.66 1.64 2.01 0.43 0.21
25 2.47 2.89 2.26 2.00 241 0.38 0.19
50 2.71 2.70 2.71 2.46 2.65 0.12 0.06
100 2.73 3.02 2.85 2.57 2.79 0.19 0.10
200 2.82 2.89 2.50 2.47 2.67 0.22 0.11
Cu2+ 1.05 1.06 1.01 1.00 1.03 0.03 0.02
fox-LDL ROS level(Ratio of control) Mean SD SEM
(ug/mL) N1 N2 N3 N4
10 1.24 1.25 1.15 1.23 1.22 0.04 0.02
25 1.42 1.49 1.47 1.44 1.45 0.03 0.01
50 1.70 1.73 1.80 1.66 1.72 0.06 0.03
100 1.78 1.72 2.07 2.01 1.90 0.17 0.08
200 1.83 1.77 1.99 1.64 1.81 0.14 0.07
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AULTUTY Density (% of control) Mean SD SEM
(ug/ml) N1 N2 N3 N4
control 100 100 100 100 100 0.00 0.00
10 pg/ml nLDL 100.39 169.36 225.66 187.25 | 170.665 | 52.41 26.20
10 pg/ml mox-
LDL 155.51 284.87 166.34 86.8 173.38 82.25 41.12
10 pg/ml fox-LDL 64.79 28.59 59.41 80.26 | 58.2625 | 21.67 10.83
A15197 9 mavesAIdudy 10ug/ml 983 nLDL, mox and fox-LDL #@nns activation
TU5AUCREB va9ad SH-SY5Y human neuroblastoma cell line # 60 w1
AULTUTY Density (% of control) Mean SD SEM
(ug/ml) N1 N2 N3 N4
control 100 100 100 100 100 0.00 0.00
10 pg/ml nLDL 52.24 88.04 66.39 95.9 75.6425 19.98 11.53
10 pg/ml mox-
LDL 138.32 110.28 185.62 96.96 132.795 | 39.21 22.64
10 pg/ml fox-LDL | 100.32 59.19 98.24 75.73 83.37 19.59 11.31
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Ul 1 uansseuvealusiiu CREB Y83 SH-SY5Y human neuroblastoma cell Laeq
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