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Abstract: Amyloid B peptide (Ap) still best known as a mol-
ecule to cause Alzheimer's disease (AD). AD is character-
ized by the accumulation and deposition of AB within the
brain, leading to neuronal cell loss and perturbation of synap-
tic function by causing free radical formation, inflammation
and apoptosis. We investigated the inflammatory action of A3
on two types of brain cells, neuronal cells (SH-SY5Y) and
neuroglia cells (C6), and its mechanism. We measured the
production of NO-iNOS, TNF-a, and ICAM-1 using RT-PCR
and Western blot analysis less than the concentration of cyto-
toxic effects (> 70% survivability). AP had no effect on the
production of NO and TNF-a, but significantly increases of
iNOS and ICAM-1. Based on this, we suggest that the inflam-
matory effect of A results from the action of ICAM-1 in neu-
ronal cells, rather than the release of inflammatory mediators
such as NO and TNF-a in neuroglia cells. In addition, we
confirmed whether p53 was related to the action of AP by
using SH-SY5Y (p53”) dominant cells. Neither the expres-
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sion of p53 nor the cytotoxicity of SH-SY5Y (p53™) cells
were directly affected by AP. However, ICAM-1 was not
expressed in SH-SYSY (p537) cells. This means that p53-
independent pathway exists in the expression of ICAM-1 by
AP while p53 plays a role as an on-and-off switch.
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2 = 5}o| " (Alzheimer's disease; AD)-2 7] & 1} 9] x| of] &=
AL F= E3Al A3 (degenerative disease) £ 2] 3}Lt0]
o gz sto|w o] = Q3 Q12 HEtod Z o] & (amyloid
B; AB) I Efo] = (peptide) 2] &5 & 2 QIRE W A| 2 O] AFE =
dH A QU [1,2].

AB= 387l 0l A 4370 =9 OPuli*Poi o|FolA QU=
] 53] *]7“1]:501] 54e dorle AT 270 PR
]7”]—‘75 oA AB (Aﬁl -42)7} 1) B/ =
.&H o]—tﬂio]: 5101134 =
35‘@5}@*1 WS gt SAZF A E AT [3.4]

ABE A 27 o} A 27 REOA AAEAS 7]
A3 9ol val Aonl, RAE obulzol = e (ABI-40,
AB2SIS)OIA % 159 S04 w3t Ao Sobel A4
w9} wjoyet AZANE W0l B4 ey ek [5-10],
(31 T8 APL40% 6} |46 7 2 o]
A OP“‘iol T SHRAE HJ o = of] =15k
o g=slolm o] SolHo g e} A7 A 2 9] *P“&%
%gﬁ}ﬁr’]— [11,12]. @& A7} Al3°ﬂ o8l Frek= 417
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A3 A (apoptosis) IHg ol T3 AFE HFE oA e
ul, 1 A3} Aol 9|3t *Jﬁﬁli«l A o= 2 Gt
7o) b st A4 2] AL R o) AFEHE 4, GBS S
B A A g L1 A
AR §E 5E A0 202 Wl AL [13-17),

S AAA el 2.8 71 o el A (404
O AAM Y 75 HA B FG= B 90%9] 417
WA|EZ R o] o] A %lEP. 2| 9] AD, #H1&H (Parkln-
son's disease; PD) ol A A == HFTHEol qlojA 417
WA EZ7F I E o] Qo] Hiw gt o ’L%ﬂ*ﬂi—J
SR QIste] A== ASHHS cytokineo] o] A7 Al

3O} Abg o] ZREth= Aot A/ dH & ol A] astrocyte
A O|NobA| 2 5o A7 A 2= 4 A| 29 F3te]
Q3 FAJAAFZA] cytokineS2 1T H T 2K o] A
A B S FASH=T 710 skAIRE, HEA oA Al WA
I HEQ]of] e Al A Al 22 = mlA|of A 22 2 astro-
cyte] FQ A=21A4el IL-1, TNF& *Ji AFs}o] astrocyteE
A8k 7] 11 [18,19], AF=4 astrocyter= IL-6, IL-8, TNF, GM-
CSF (colony-stimulating factor), IL-5 5 2] cytokine2 AJ A A|

7] 31 ROS (reactive oxygen species) &4 @ 49 U2l per-
oxinitrite 52 =3O 2 A A FA| O] Al =3t

AD? 23 delog g7l w3t o A = pro-
inflammatory state (Z1-g 35 Al )2 9] Agto] R &1 gl o
o, =3} 2o A TNF-a, IL-1B, IL-69F 22 A5 cyto-
kineo] Eu|9} Al A A EZ ] EAFER 01T uf & ZAo] 7}
3k ROS/RNS (reactive nitrogen species) AJAd 2} chal s &
&, HA71H 59 @40 S7h 22 A e 41738 9
EAolut A A2 APE S Yo7 Eokar diskar ok
[20,21]. AA|Z Ibuprofen (BRUFEN) 52| NSAIDs (non-
steroidal anti-inflammatory drugs)®] €< 2] 247} ADS] gt
HEo|u A dE A Itk BalEglow, o] AD £}
oA 71 Ao o] Fol A AL glo] YFA R AL
olt} [22].

71 dro| = ABS] Al A APP (B-amyloid precursor pro-
tein)E =5} TE st AD A3 55X (Tg2567 trans-
genic mice)o]| A= TNF-a, IL-1a, IL-1B, chemoattractant pro-
tein-1, COX-2, complement 1q 52 G453 AAE2] U4
o] 27 Z7kstoict HH I gl ow, o]t AB) A4 T
% 42434 AD 8] 150] 95 W ARSI sjchi

< 9Jmgtet [20,21]. AD2F ¥ gene array Aol 25t
Eﬂ APP, PS-1 (presenilin-1), PS-2, apoE, Tau 5 ©]u] AD ¢l
222 el T o) w9 dhael BeiE 9% 18
I}, TGF-B1, IL-1a/B, IL-6, INF-a/p 5 ¢Z vh-o-3} weigl
cytokine 12 @ A7 A L E 2] 2} [CAM-I, NCAM-180 5
o] ®a1E a1 Qi) [23].

0|9} o] B-& ADS] Wt ABO) 7ol vt 915
of Tt T3t AF A FANE Bk, Aol et &
© T2 AFAEZY APE T A7 o tet A2 S
ofA gtom, AF vhg St A&k 1L 7)Aol gk

okt 4 oo

Q1T AlTh 2 o]5201 717 ekttt mahA] 2 Qo A k]
S o] ) £59] AZ, % 417484 £ (neuronal
cell) SH-SY5Y 2} A1 7 WA 32 (neuroglia cell) C65 ©]-8-3}
o] AR X 2to] N ZAPE S YO 7| A] b= W ol Al 417 Al
Al 2ol M A= FoFs A5 HSF wE vpA QL A48 71
= THOE o|Fojglon, o AR Aol o3k A
A &of thsto] AeA el AFRES AAA At 7)1 7
off 7]ejstarz} shgict.

2% 93y

2.1 A ER

AV Al 7 H A 322 (human neuroblastoma)ol SH-SY5Y<}
A1 74 TA|| 3 (rat glioma cells)Q] C6 Al LT SF=A|| L 723
(Korean cell bank, Seoul, Korea)ol| A G-¢]3}$1 1L, 10% fetal
bovine serum, penicillin (50 U/mL), streptomycin (100 ug/mL)
o] 3Z 3% Dulbecco's modified eagle medium (DMEM)Z A}
&5kl e m, 5% CO,eF 37°Co| v F =7 of| A vl st Sl et

22. | glold Rol= (AP) AXE A2

L Hu s [2410] AKEH S Fashe] Al xegln
AP (1-42) peptide:= Sigma-AldrichA} (St. Louis, MO)of| 4] -
A5kt oL =3tE Fe)Ql acidic AE] Q) AR aggregated
HEY = UHE7] 9J8)A4 1 mM peptide 10 mM HCIE A %5}
11 0] & t}A| phosphate buffered saline (PBS)Z 104} 343}
%t 0.1 mM 9] peptide -§--2 2 &3t A2l A Htsto
aggregation©] Y oj1}7 5ta1, DMEMR 3]45}0] ¢15t= AP
8 9o AL

23.MTTE o] $H AMES5Y59 &3

MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazoilum bro-
mide) assay [25]+= A £ U] u] EZ E 2o} 2] dehydrogenase®]|
oJ 3| A== formazan 272 F 3l A|22] FAolu £
& AVl HhH o]t} 96 well plateo]] 24A] 7F -9t vl oF st &
kol & A 71531 A 2o} A Wkl 72} 100 uLA
7Fske] 24417k B HiFAIZ] £ 25 pLo MTT (5 mg/mL) 8-
< A7rst ek 3A17E F<F v gt & DMSO 200 L 7t
sto] A/ % formazano] =& w7}A] 97t F microplate
reader (Menlo, CA)2- ©]-8-3}0] 540 nmoj| 4| &4 =5 =435}
k.

2.4. Griess Reagentst]-2 0] -3 NO (nitric oxide)2] 24
=ay

A2 24X171 Hlobeh 5 A350] 50 NO 443555 Ding 5
261 il v S Aoisich 100l 45 o2 215191 96
well plateo]] 71 & Z+2}+9] wellof] 100 uL 2] Grles AleFS 7
Sho] 5E7F B3 & microplate reader2 540 nmof| A 3=
Z245}9Th NO 552 NaNO,2 AFg-afo] Z4e 12 2
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O R5H A1kst ATt Griess A oF2 5570 541 0.1% na-
phthylethylene diamine dihydrochloride®} 5% H;PO, &2 ¢f
=21 1% sulfanilamid & 54 33 2 0 2 AR8-3F3i Tt

2.5. RT-PCR 0] €3 mRNA 23 &3

Trizol reagent (Invitrogen, Grand Island, NY)& ©]-8-3}¢] kit
of| A Al&-5k= Wi ofl whet total RNAS =351 3itt. ofoff 5
2% total RNA= UV spectrophotometerS ©]-8-5}07 1 pg/ul
9] =& st =5 total RNA= Superscript one-step
RT-PCR with platinum Taq kit (Invitrogen, Grand Island, NY)
2 0]-8-5}o] mRNA 2& 2k =431 9 th 1X reaction buffer,
2 mM MgSO,, 0.04 pg/uL template RNA, 0.2 uM primer, 0.5
uL/25 uL RT/platinum Taq mix®] A S 2 25 uL2] volume
o2 HA2HE YEY = cyclez WH-E-5FGITh PCR ¥H-5-0]
F 2% % product = 5 uLE 2% agarose gelof| A 7] 53}
Al band = g1kt ofuff o]-§- primero] ¥ 7] v 22 tF
2 3} Z+t}, iNOS-F: 5'-CAT TCA GAT CCC GAA ACG TAC-
3', iNOS-R: 5'-AGC CTC ATG GTG AAC ACG TTC T-3,
TNF-a-F: 5'-GCT CCC TCT CAT CAG TTC CA-3', TNF-a-
R: 5-TGT GGG TGA GGA GCA CAT AG-3', B-actin-F: 5'-
TGA GAG GGA AAT CGT GCG T-3', B-actin-R: 5'-TCA TGG
ATG CCA CAG GAT TCC-3'

2.6. Western blot-S o] €% d¥] A W@ o] 24

ABE A3 N EZE wojd & Y& E stof A2 5 5%
Skl Al 3£ pelleto]] homogenization buffer (50 mM Tris-Cl pH
6.8, 10% glycerol, 2% SDS, 5ng/mL leupepsin, 0.25 mM
PMSF in ethanol, 0.1 TIU/mL aprotinin, 1 mM DTT)E {1
80°Co A 10427F F31 5 Y4=e] (4°C, 13,000 rpm, 304)5}
o] AF5- o1& # 3 A] Bio-Rad protein assay kitE ©]-&3}o] A
otk & 25 ugd] T A-Z 10% SDS-PAGE gelof 7]
o =5} th2 nitrocellulose membrane 2. 2 271 3, membrane
2 A7 §9F AF2-of| A 5% skim milk& block #] 2] 3t & pri-
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mary antibodyS 1A]7F S0F AF-2o A & 2|ttt Al &
HRP-conjugated secondary antibody S 1A]7F 5QF Ar-2of| A
A 2]kl ECL &85 713t & Z5of &A1 A &elstairt.

2.7. Transfeceted A £ [SK-SH-5Y (p537)] 2] &3
SK-SH5Y A|ZZE 60 mm Hj &F & Al o] 2 x 10 cells/mL2] & &=
2 vljofst a1, DMEM v oF 02 A}-8-3} o] control siRNA =
siRNA-p532 Z}Z} FuGENE HD transfection reagent (Pro-
mega, Madison, WI)9} 1:3 H| &2 431 A0 4 1587 &
QAT 7} Aol 24417 St 4 2] 5.

2.8. FAA

BE AR meantS.EMOE AL, ZF Ad i 7
9] -2 Student's r-test2 4 53}0] p-value”} 0.05 ©

o2 2AH0F 2ol5t o7 WAt

RIE-E Ly

SEVEREPELREEYEXP ELFE S
ABE A7A o] 548 Uehin A EAE S §EGTE
Ao] el A 9ITH1,2). AAA 9] GEE-L o | Ao of
S 4 ABS] o]4F ko] QlofLb o)5xTat ABS) HAE

NATAZSE AAA TS| et T 45 2gol JFS
oo @M Q5 Aot 20211 & AP AL 4 AP

|=3re)
£ QU FUBAR AP SIske] 2714 el ] 417
A HEA A5 918 AS] =8 A YSHL. Fig. 1o]
A B0} 50 AB (1-42)E 1, 10 pg/mL FE0 4] 2 el
AFS-E1 AL A SH-SYSY S A1 5| C6o) 4] 70% o] 4
o HEHEES HolFoleh B AFE AT A o] 27 1}
ehLb 9 W 9lol ) 9FUS-E ATs A s on R,
G5 @34 b7l o) Hulohudl 0 B 287199 A7 S

AB 5 1,10 pg/mLof A 23t dct.
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Fig. 1. Effects of A on cell viability in (A) neuronal cells (SH-SY5Y) and (B) neuroglia cells (C6). Cells were treated with various concen-
trations of AP for 24 h and their viability were determined by MTT assay. Data represent the mean of three experimentstSEM. Significant

values are represented by an asterisk (*p<0.05).
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AB7} NO-iNOS A A of) u]x]& 9

?—{ﬂﬁﬂoﬂﬁ A7Aze B 9 ok 75 3=
BANEZE=AE S B H58 59 E Al &
3}5] 0] NO} 71 3 AHE (ONOO-, NO,, NO, )] RNSZ
2
_]

mlo

3.2
ES thokal
Al

sto] A7 A2 9] A5 AFE S w7 gk [27,28]. NO
3 8 421 NOS (nitric oxide synthase)= A4 © & Al 7 A
SLoJ| A ¥HE &= nNOS (neuronal NOS)2} & 3 1 Af| 32 of| A]
WE &) = eNOS (endothelial NOS)7}F ¢l o, ZF£20] §-3)¢l
Apof| o7k 22| EAYo] M S 7 f-of] A 3HE A A| 2, 4]
ARA)E, A E S0 A ¥E == iNOS (inducible NOS) 5
O] 374A] FF A AT} QIEt [29]. o] & INOS7} 1 2] 2] g7 of
Al EFO NOE A/ sto] AR A 2] &S feghrhar o
A Qle} [30]. whebA] 2 Aol A= ARZF 417 Al 22 o) 2
X319} NOSF INOSS| 4ol &S ] %|1=x] oFopi gret.
A% Ax, A= NOQ| BEH|E Z7HA] 7] A 99kA] 9t iNOS
of mRNA B G oS 012 0% S At (Fig
2). A7 WA 3 0] ZAg 3]l 2% NO £H] = iNOS ' of 2
EHow Y= o2 gL glon g 28], 2 A3

€
¢
¢

o] A A}-8-3} Griess reagentS ©]-8-3F NO 24 9] W7} uj
Toll S EA & AR AAR M 1L {94 o] 2A e
WA 9k ARk, AR iINOSS] Z7het I o] A7 mLA| 3 9]
3143 5}0] ol Aoz AZhET

33.AB7H AR EA EAN A o] HF
uAE Y

¥ o] AZAbe o A BHA E]+= o) 4] 9] pro-inflammatory cy-
tokine © & TNF-o7} 2] 4] 91tk [20.21]. Ae] A 2Ho] 417
WA EE A BA3EI] TNF-aS EH|8H=3] go}lh 7]
9]3to] RT-PCRY & 0] -8-5}o] TNF-a mRNA W& & 57
3kl A= Al LA 2] TNF-o A4 o]l F 8-S 1] 21 2] oF
Atk (Fig. 3).

LU TNF-a TR

34 ABZH AAAZAA 93 H AR ICAM-19] S}
A ¥

ABAE o] F= AR A 2o A A 2o A B = Al
H2ZEALE (cell adhesion molecules; CAMs)7+2] 282 Al
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Fig. 2. Effects of AP on (A) nitric oxide production and (B), (C) iNOS expression in C6 cells. Cells were treated with various concentrations of
AP for 24 h. The production of nitric oxide was assayed in the culture medium. The mRNA and protein expression of iNOS was determined by
(B) RT-PCR or (C) Western blot analysis. Densitometric analysis of Western blots is represented as the mean band density normalized to B-actin.
Results are expressed as meantSEM (n=3). Significant values are represented by an asterisk (*p<0.05).
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Fig. 3. Effects of A on TNF-a production in C6 cells. Cells were
treated with various concentrations of AP for 16 h. Total RNA was
extracted and subjected to reverse transcription polymerase chain
reaction analysis. B-actin served as a housekeeping gene. Results
are expressed as meantSEM (n=3).

B AT )0 Glof F 0T 7% HEEh EE A
ERAEAE O W A 40 e A7 E
X A8 Areof we Fask ojuE AUsd, 1 %

ICAM-1 Thel 2 o] uFg 27
K910l lymphocyte@} A1 74 WA L 55
£ @A 2N d5hgS A7t [31,32]. whet
A 2 Aol AR-E AB7E AL A2 9] ICAM-1 Tl 2 o] it
o FFS vA=A & C’Jo}‘}“iﬂﬂi ABell 9J3f ICAM-1 &
WA o o] Fk oE2H o FIIstgl o {941 A}
ol 5 H At (Fig. 4).

NAARNA 8 GFUS
R ETELE:

(A) )
B-amyloid (ug/ml) 0 1 10
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o
o

o
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Relative ICAM-1 protein levels
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el
N
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3.5. ABS] p53 FAA A=A} AAA L] ICAM-1T
g LYo ps3e g%

o= sfo|m g ol A et = A7 Al 2] 4k §lofA] ps3
HAARRIAFE] &gk vl -9~ P4=A ot} Buizza 5 [33]> A7
Aol A 250 Aksta] EAFol| o7t p539] 22| WSk} Al
ANES ARz $Esked 245719 4% 59
W EeH WaE o 7lx) S e 2%S oA Bon
skl & Aol M= AR AR A 2] &4 H5E
010 7] o A LhepLb ICAM-1 Ehaj ] o] ps3
SRS TS ek ST

Fig. SASIA Hoj %L Au9} o] AP ps3 $71%
ol ofh vl 21 o] wistol o vl A7) ¥sket. ol 4l
SEo| A e ABof| 93 ICAM-1 thall 2l o Whe -
p53-independant 7 27} ZA3F2- oJu|stc). p53 & dZ} nig=)
48 948 el A SH-SYSY (pS37) Eeluio] AlzF
2 Bgstol Hehopu o] S o] g | EEAS Felslso
o], ICAM-1 Sl 21 9] uHal = 2 24319t} SH-SYSY (p537)
+ wild type®] thztol| Bl Sk} AB A 2o o7k Al 25 d ¥
stof| JFE n| 2| A ¢kok ot (Fig. 5B), SH-SYSY (p537)l|
A= ICAM-1 el o] W& o] dx|stA et eFotet
(Fig. 6).

ICAM-19] & =4 of| Qloj A NF-kB Al &7 27} #Hed = of
Utk A2 & A Ut [31,32]. 12 ICAM-1 L& 9
o1 Al NF-xB H|2]24] Z 27} EA5tm, pS3 o] =
o] 2o digt Ha17} Q1 3ltt [33,34]. Gorgoulis 52 DNA
d4fo] U5 NF-kBo) o7} ps34 28 F 5k ICAM-19) 3
Fof kL u| x| x| ¢k W, p53 inhibitor pifithrin-aS |
28t AL pS3 APA| Zof thste] ICAM-19] HrE o] o]
WA 29ttt maelsich. Eak Bul gl oA Azt
AlrobA| Zof F i & 22 o A &= p53E 73 ICAM-1
o o] YehdE BastGith 2 A5t Ao A= ps3 24

(B)

B-amyloid (ug/ml) 0 1 10

< ICAM-1

R . AR | ¢ B-actin

0.8 q
T 0.6

0.4 T

Relative ICAM-1 protein levels
(ICAM-1/B-actin ratio)

0.2 4

0.0 T
B-amyloid (ug/ml) (] 1 10

Fig. 4. Effects of A on ICAM-1 expression in (A) C6 and (B) SH-SYS5Y cells. Cells were treated with various concentrations of Af for
24 h. The level of ICAM-1 expression was determined by Western blot analysis. Densitometric analysis of Western blots is represented as
the mean band density normalized to -actin. Results are expressed as meantSEM (n=3). Significant values are represented by an asterisk
(*p<0.05).
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Fig. 5. Effects of AP on (A) p53 expression in SH-SY5Y cells and (B) cell viability in SH-SYSY cells transfected with p53 siRNA. (A) Cells
were treated with various concentrations of A for 24 h. The level of p53 expression was determined by western blot analysis. Densitometric
analysis of Western blots is represented as the mean band density normalized to -actin. Results are expressed as meantSEM (n=3). (B) p53
siRNA transfeceted cells were treated with various concentrations of AP for 24 h. The cytotoxicity were assessed by MTT assay. Cell density
was measured at a wavelength of 540 nm. Data represent the mean of three experimentstSEM.
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Fig. 6. Steady state levels of ICAM-1 expression in SH-SYSY cells
transfected with p53 siRNA. Cells were transfected with control
siRNA or siRNA-p53 for 24 h and treated with AP (10 ug/mL) for
24 h. The level of ICAM-1 expression was determined by western
blot analysis. Densitometric analysis of Western blots is represented
as the mean band density normalized to (3-actin. Results are expressed
as meantSEM (n=3). Significant values are represented by an aste-
risk (*p<0.05).

F SH-SYSY 417 HA| 3L o] 9lof A ICAM-12] & o] yeft
] gkokom, 1& p53 §A7F ICAM-19] W of B2l
od3lel S | Aolct. vk A A| 29 ICAM-19]
of| 9lo] A p53.4 ZA}+= on-and-off switch &3 3}= &
P

S @ AR AZE AT AB A1 o] o3 ICAM-1 ghil 2 13

ZA-o= E ohE p53 v &A1 FRIF 23 &, AB
Aol o8t Al AN E ] ICAM-19] I of &= p532] o]
Aol HA FAlof p33 B QE Hrol o 2AHS

A AV,

4. 38

of A of Hetol 2o = o] Z2p2 A A Eef A1
of d5& oo zn ABAEZY F4de 4ol
?”Urc'ﬂ ofstd Hlefotu] o] = FEfo] = (AB1-42)
Mot A A o] FoFe v o2H HESS I
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