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The role of p62 in ceramide induced neuronal cell death
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Abstract p62 is a key component of protein aggregates found in brains of neurodegenerative diseases in which
oxidative stress is involved in the pathogenesis. p62 was induced in SH-SY5Y, a neuroblastoma cell line, by
hydroxydopamine or C,-ceramide known to be related to neurodegenerative diseases. The over-expression of p62
showed the neuroprotective effect against the ceramide induced cell death. In addition, p62 became insoluble and
cleaved forms as time proceeded after the ceramide treatment, suggesting the mechanism by which p62 is
associated with aggregates in neurodegenerative diseases.
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ZAPE-S B4 HEske] £a Q2lo] Hrt o] F 41
AEH A (oxidative stressy= L23lojmy, mhy7ldpy,
AP EAS 9 3P4 AT 22 vhke =34
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Z dEA ArHL, 2] HFHEA AZ (cerebral ischemia)
2 AR 9] F7tet Bol WREAA 1, 53] 4k
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[6-8). T3 p62i ThFR SN WAL Brke] HolA
ThjAl oJ7](protein aggregates) O EAFH=d], L=3}
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LewyA, ALSS] ©ld g7 Foll p627} EAst= Ao]
BaEQch [9-11]. o] AfelA= 72 Bhrizdd A4
3= Ao 2 ¢# A 6-hydroxydopamine (6-OHDA)X} At
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Human embryonic kideny cell lineQl 293 A%<} Q17+
A RAEF A ZFQ] SH-SYSYE ATCC(USA)of| A T
3t ATCCOlA FHah= th2o] 27904 siekalgd
th. & DMEMe| 10% fetal bovine serum(FBS, Hyclone,
USA), 0.1 mg/ml antibiotics, 2 mM L-glutamine, 1 mM
sodium pyruvate, 1.5 mg/ml sodium bicarbonateZ 2 7}s}
o] 37°C, 5% CO, Z7o|A] Hjekatstt. o] 9] SH-SYSY
AZo] wijoFo= 0.1 mM MEM non-essential amino acid
£ H7tetglch AYS 3 i) SH-SYSY A2 o
FE9 Crceramide®} hydroxydopamin(100 pM)y& e
3 &, 2% FBS7F 748 mediaol A H|3EE sjokatsict

2.2 Adenovirus®| XA 2 xa|

p62 SMAL ML EE T3E ofdiutolH A
p62-Ad[14]:= Joung[14] 5-0] AME-3H BEHH o) =
Z3}3L cesium chloride density gradient YAIE2]Z o] &
8t} A5 T Adenovirusi Cr-ceramideS 2]2]3}7)
24A17F Aol 2% FBS7} 7HEl mediao] A SH-SY5Y A
2o} 100 MOI (multiplicity of infection)2 Z+&A|Zch,

2.3 RT-PCR
SH-SYSY A|Z2YE Trizold o] 85}o] RNAS =&

3t & o]Z AMV reverse transcriptase¥} random hexamer

ol g3t AHAKsle] cDNAE FAIsHAT p62 A A
+ S“TGCCCAGACTACGACTTGTG-3'7 5-'CCAGCCGCC
-TTCATCAGAGA-3& ©o]g§3te] SZEAfth Ajgo] 59
3 9Fo] RNAZ} Sof Qx| 2157 $18] GAPDH Ajie
S'-TGGTATCGTGGAAGGACTCATGAC-3" 3}

5'-ATGCCAGTGAGCTTCCCGTTCAGC-3'g o] &3}od
SEAZ
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2.4 MXE Xz2| % Western blot B

Ci-ceramide(50 yM)Z 2] 3 SH-SYSY HE= A7+
of we} lysis buffer(20 mM Tri-Cl pH 7.5, 137 mM
NaCl, 40 mM B-glycerophosphate, 5 mM EDTA, 1%
Triton X-100, 1 mM Na;VOQs, 50mM NaF, 10 yg/ml
aprotinin, leupeptin, pepstatin A, 1.0 mg/ml AEBSF)<] &
SAA 1087 g4EY & 5 AE(soluble fraction)&
#HalH k. A A E(insoluble fraction)e] 10 mM Tris-Cl,
pH 7.5, 1% SDS £ 50 ulE @1 AFSoA] 1087 v}

SA17]13L 20%7} sonication A7 T 1087 YAalEg]s}
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SDS-PAGER &% 3t Z nitrocellulose membraneo]]

T}hull 2)

e

mnsfard} olE  ERe e WA %
pico-enhanced chemiluminescence (Dongin  biotech,

Korea)& ©]-&-3}o] &latgct. Aol AbS-aH 121 A
= tg3 Zrl  antiphospho-Akt (Thr308; Cell
Signaling, USA), anti-Akt(Cell Signaling, USA), anti-T7
(BD Bioscience, USA), anti-B-galactosidase (Promaga,
USA), anti-PARP(Santa Cruz). anti-Flag(Sigma, USA),

anti-p62(BD Bioscience, USA), anti-actin(Promega, USA).

2.5 MTT assay

MTT{3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-tetrazoli
m bromide} & o] §5te] A2 MEHE S 96
wello]] BjoFst SH-SY5Y A|3Eo] Cr-ceramide (50 pM)S
A3t & Azt Wt 5 mg/ml MTT £ by &
59} 1/100] EA YT 37TAA 4-6417F S-S ZILE §
B &Me W ohA] 12A12F BEEAIZ] F microplate
reader2 570 nmo| A O.DE &4}k CeramideS 3
2SHA] oS wo) G 100%E 3t A& Y2ES
Bhick 2 AL 5¥ ol WhEstel 7b EAS 3
& AN
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< A w2 wezE 4% a2 gxlolA)
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2HE-E BES choket ElgA HAB $ixtol HoA
%7 EAR YAFEE 6-OHDAC 23t 417344 24
ol A p629] AEE AotRofTE QUZF AFEAEF A=
#Q1 SH-SY5Yof| 6-OHDAE A 2|stg-S uff A|7to] 3}
ol e} ThaAal RNA 3014 p62e) wo] 37}
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[32 2] Co-ceramides] 23+ SH-SYSY A|Lo] APE} p62
o] whE.  (A) Crceramide®] Iof
SH-SYSY Al3Ee] AlE 27} (B) Cy-ceramided:
Alztof Aefgle o pe2d] WE f=

=
ey

REERY

ol ceramideo] &J%t T F<t p629]
A5 gohE itk Ceramide= A4 3E[(16], Y23}
olMY[1713 22 F4 v T S AA4Aske) &
ol 83 AL k= Ao dEA Stk 947 7HA
B9 Crceramide T o]-§3te] AAA L &4E Fe
A =g IUste HFANA 50 MY Cr-ceramide S
SH-SY5Y Aol 24A17t HE & o 50% F=o M=
7t APk RS EISHETHIY 24). o] 2oA
endogenous p622] o] A Z71%= AL Western
blot 4]0 2 3}el3}g ) (13 2B). Cr-ceramide?] F &
7t F7tetAY media®] 8F FE7F Fa¥eF p629
U Jert Bo1te R, AZAREO] HE XYPEHA
p622] o] FEEE AL U £ Uk ol AAAF
MZ7t AL AAT dejollA E37t 23d of p629]
o] SR o|XY A7 2ot YX|FIcH14]). o)A
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9] AF}Z Cy-ceramide, 6-OHDAS |34 ¥ A%2] vt
Wi gelo] gl B A3dg of SHSYSY A=
oA p62o] WHo} FrHEBR ol p627t AFAIES
SAFo] 23t ElgAy g AqE Y U AARITH

3.2 p62o} a0l Qs Co—ceramideli

o|5t SH-SY5Y MiZe| At x|

o} Ago|lA  Co-ceramided]] 9J3f p622] WEo] f-
ZHE RS BESG e p627} ceramided]| 2§t Al
ZAAZ AgagolA ojH HEE 3h=x| doRET
p62S = ol =nlo]& A(p62-Ad)E SH-SYSY
Azo HAFAIZ AstgE o
caspase2] A8 S 2 poly (ADP-ribose) polymerase(PARP)
7 dusEs @848 2ABLh AlZ APETE<
caspase?] EHo]| 9J3] PARP+= 116 kDa2] full-length T
wWZo] Alatx|H 96 kDad] HTE HE Tyt A4 Hoh
[18]. p62-Ad7} ZEE AZoME 2]l LacZ-AdE
ZFE A7l M=o Y3 Cy-ceramide A& & 12A17H71A]
PARPS} Atto] A dElE= AL & & UAth I o|F
£ PARPS] Attt Fri= H|R3HA UehdthHaE 3). &
3 AE 7|UAIQ Akt p62-AdE AT AlZOA QM
3} o wWol Uojitony, LacZ-AdE HEF AlZoM =
36A17E Bofl Aktd] QA E TEE £ gle B
p62-AdE ZFAZ M EoAE AktZ} Al QAISHE o
P AL o £ AUATHIE 3). Akt o FFHY BE
Az AGIF QSR Akt] Q4kShe AFAE
o] Y& Fasictn A ri19]. o] 3= p629]
2§ o] Cp-ceramideo]] 9J3] of7| == AAMZ] AFES
24271 A& AlAksih

& Cp-ceramides
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Aol A p622] ThitEe) ofgt AlZAPES] 3
oF A& 7|UA Ake] J4kst $7t PARP A
£ 0|23} Western Bloto|A] 9]9] W= full
length PARP, o}2] W= caspaseo] &3 At
© WET B Uehic).  actin®] G2 7
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3.3 Co—ceramide X{2| & p622| Xctnt &
83t B4
thaoll p627h AAAZ ) AbE G A of ojw &

Aol dojubEx 2ARIGTE  CrceramideE X5k
SH-SYSY Al|i£9] &N = A)7to] Aol wle} Triton

X-1000]] £-3J%]+= endogenous p622] %F(soluble)S 22}
Haxshe 9HE B84 E3loj 9= endogenous p622] o
(insoluble)& Z715}900, B84 RelolA] pe2e] Mgk
Abeo] AHAUHIE 4).

o= E3A wEsto] ZgPshe B4t p627 T

W2 o
HolA HAw= Zat vlsst Patolk
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goluble mnsoluble

24 48 (o)
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Cleaved forn

[O 4] Crceramide® {23}
S po2o] Hohd4)k

SH-SYSY A|Eofx Tk

A soluble insotuble
0 6 12 24 (hy 6 12 2 (I
(kDa) ;
100—
: 70—
WB:
o(,-T7 50—
40—
B soluble nsofuble
D6 12 24 (h) 0 & 17 24 (h
(kDa)
100
M T
WRB: 50
a-Flag

[O% 5] CrceramideE X 2)3F SH-SYSY A|ZojA] p622)
AAHEL] &8 Western BlotOF ZAL (A)
T7 FAE 2ARE C-Zghe] 913 (B) Flag 3H4)
2 2ARE N-ge] 93]
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Ceramideo] 2]t
p629] et 583} 3
& p62-AdE Alazof ZHAAl
ok p62-Ade] &J3f WIE= p62
Flag tagg&, C-Ugtol= T7 tagd Zo}
s 4= 1A metstgch T7 A=
Cor-ceramide 2] & 12AI7HEE C-@
ATk ARZ(2F 45 kDa)o] WEF3| Kol
Balo] ZR|5AT A|710] 42 ELA Hiog Eo
7he ol S7IskT (28 5A). FH|28 AMLE Flag-
AR AR AT} p629] N-dTh gk AFE(9F 25 kDa)
& 12017F0]ut 24417k 7HE B M 2 ]
A A B84 R4 F3lo] WEEY, 2447 &
de v o 22 27402 dduy BE B84 #3
OS2 Eoj7h= Holt(ad 5B).

Cy-ceramide®]) 25t AIAXZ AFEIAF<L p627F A
So14 B84 BYOR Solte 2L Holrt ¢
it 5161“4 & 2g 229 Ho] Y71 =M p627t

NEPE
e =

)

[‘-YL Eﬁi Z

WAL 0|98 F2E 4 gl ek ol Thre By
45 B4  sphingomyeling]  shEafo]  ofatod
ceramide®] AJAo] EWgckn el 917 vl

[16]. E3F o] AT Hi= p627} AZAPEIIA oA
SRS caspaseo] 23] Wekelol N-we 27t 4
Aot A& Hol&rh p62o] NIk B PKCE 5
ofe} $59) DUIET AR AR YA Yema
[20] A178AT28] APEIYERE BAd3HE caspasee]] ]3]
p627} MR % NG H917h G2 g el
B BHE Y = UE Aoloh o dHY ¥
AFo] ceramidee]] ]3] p622] W& o] %5511, p62¢]
WEo] ceramideo] 23t AAE APEE R HA|7]E o
AUET Aol & 7HsAdel Sk

AR gzsto|rHolA ABIAEH Nof o5 FEF
Holl 2j3] Yzejoln] ofuolE WA uThEa
(APP; Alzheimer's amyloid precursor holo-protein)©] W&
o] &7 APP+ HthE]o] amyloid-beta THH 2 (Abeta

protein) & FAH|, etxapolu]golAl Abeta T
o] ABPAEHAS Lyl RS e Tk
B3 QIEH21) E o Sl HAB sl 6Y
ErgolA] Sevio] AYH T Ae) N-ag Hekn 47
Aol B4E dorle Usle] BT, of Yzo] 417
Axel BHE 35 Hldes Biu% uH22]. p62k
Abeta, 9 AT Zo] B3y o] Aayw ¢
A gaEe 53 $912 9Ue 4T Aol Yrk
St olgk 212 pe2e] Wekst Hatst 4ol o
AAAES) AEE AR et AAUSE 24
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