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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-SYSY, a neuroblastoma cell line, by
hydroxydopamine or Cr-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.

Key Words : C;-ceramide, Cell death, Insolublization, Neuroprotection, Protein cleavage, p62

1. ME p62i 56 AT YR A[S] ASFAEH AS H]F
g o2 TR AEFL A EEe] fEEC
AL sl AYAS AN IgoA [6-8] EFE 2= TSR EjRY WA 1o oA

2

ololo] AFHEHY, AEH AL AEZEAIQIRo| 23t A Tl E] o) 7] (protein aggregates) ©. 2 EA|sl=d|, ¢=3s}
APHLe BlgAg LRl 2Q Qolo] Hr} o] = Aksh o= 3k} Y] 9] neurofibrillary tangel, 7124 of A]
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Gulels Uolw) whe Ay BAS 7P Ao dhe Aoz d#X 6-hydroxydopamine (6-OHDA)Z} At
A o1, 2]. X584 A3} (cerebral ischemia)  SAEFHAE H]ESE TNFa , interleukin 158 59| X=
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2.1 MIZH{ 3t &2

Human embryonic kideny cell line?l 293 A|3Z&} 17+
Al A3 A|3E2329] SH-SY5Y+= ATCC(USA)o|A] -
QI3te] ATCCOIH 33k thael 270l HleFshel
t}. = DMEM®]| 10% fetal bovine serum(FBS, Hyclone,
USA), 0.1 mg/ml antibiotics, 2 mM L-glutamine, | mM
sodium pyruvate, 1.5 mg/ml sodium bicarbonateS %]7}5}
o] 37T, 5% CO, o)A jgstsict. o] & SH-SYSY
A3 9] vfj%Foll= 0.1 mM MEM non-essential amino acid
£ A7Islelt Ads 48 wf SH-SYSY AlxZof o2
= 9] Cr-ceramide®?} hydroxydopamin(100 uM)=2 2]
gk %, 2% FBS7} F7Hd mediacl 4] AlZE wigs}eich

2.2 Adenovirus?| ®A| L Xz2|
pe2 TS THstES WMok obdmujoleis
p62-Ad[141:= Joung[14] 50| AHEE 2] ofs) %
£l olg
Cr-ceramide S #|2|35}7]
mediaol| 4] SH-SY5Y A

100 MOI (multiplicity of infection)2 7 A|Z T}

3]0 cesium chloride density gradient 4]
3l AA|5FA . Adenovirus+=
24417 el 2% FBS7F 471
3o

2.3 RT-PCR

SH-SYSY A|ZERE Trizols 0]83}6] RNAS 22
%l & o] AMV reverse transcriptaseY} random hexamer
olg o] eixIAste] DNAZ SHAJstalth. p62 Al
2 5-TGCCCAGACTACGACTTGTG-3'1} 5'CCAGCCGCC
TTCATCAGAGA3'S o]83}o] ZZ A7) Alzo] 52
3k &FO] RNAZ} 501 Sl=A] &elst7] 918l GAPDH A2
5'-TGGTATCGTGGAAGGACTCATGAC-3'3}
5'-ATGCCAGTGAGCTTCCCGTTCAGC-3'2 o] £5}¢]
A7

=
=

2.4 ME &2| 2 Western blot 241

Cy-ceramide(50 uM)E Z 2] 3t SH-SY5Y A|Z= A|7F
of whz} 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 Na3;VOs, 50mM NaF, 10 pg/ml
aprotinin, leupeptin, pepstatin A, 1.0 mg/ml AEBSF)o]| &
SA1A 1087 Lalite] g 5 45 A(soluble fraction)S
F3k9ic}t. 27 E(insoluble fraction)o]] 10 mM Tris-Cl,
pH 7.5, 1% SDS £ 50 1= Q1 AReojA] 1057} gt

SA]7|31 20%7F sonication & T 1087 YAIEZ S}
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of o WA 30 pg

nitrocellulose membrane©]|
o7 FALt  w-SAZ

chemiluminescence

o

ke
T

pico-enhanced (Dongin  biotech,
Korea) o]-g3lo] gelalgict. Aldo] A3t 17 84
e Zoh (Thr308; Cell
Signaling, USA), anti-Akt(Cell Signaling, USA), anti-T7
(BD Bioscience, USA), anti-[3-galactosidase (Promaga,
USA), anti-PARP(Santa Cruz). anti-Flag(Sigma, USA),
anti-p62(BD Bioscience, USA), anti-actin(Promega, USA).

transfers}al

L

L

anti-phospho-Akt

2.5 MTT assay

MTT{3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-tetrazoli
m bromide} & o] 4-3t0] O] HEES 24tk 96
wello]] vjoFst SH-SYSY AJ3Eo) Cr-ceramide (50 uM)E
2|5k & Azt wel 5 mg/ml MTT g-ol-5 Hjjokel 7
59] 1/100] HA] W31 37 oA 46217k WS\ ZE &
S S-S @il opA] 124]7F BES-A]Z] & microplate
reader2 570 nmoj|4] 0.DE =43} t}. CeramideS #]
257 2kt We] HS 100%2 dlo] ME ALES T
Sheith 2 A¥e 5wl o) whEste] 7B Al gt
& AT

=

Z4
=

al =t
=

=<
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3.1 MZAME AHEE RE5ts 6-OHDAS
ceramide0l| 2|gt p622| Wal K

$ehz M) AR B p62o] ofare 77
st7) el WA BHA WA dEEo] MEAMES
sk E 74 270014 pe2el ok 2Ale
o). 7HE|EoMI/d 4174241 6-hydroxydopamine(6-OHDA)
A7 2 SelEds B8k aIAAE ERtolA
A YAHor Pk BE et [15]. pe2s 771
2AEE BIRS TRt HAA HEe 2Rpo] H oA
%71 B2 WARDE 6OHDAS| o3t A4 34
oA p62¢] HES dopEdTh QIXF AR WA EZZE Al
%91 SH.SYSYo] 6:OHDAZ Helalge uf Alzko] 7t
ool met SANE RNA ol A p628] Edo] S7}
Z]&= A& Western Blotting®} RT-PCRS- 0]-83}F Alg]of
A o 4 SlsehE 1)
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B-actin
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p62
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S

- - — GAPDH

[32] 1] SH-SY5Y A|3£0]|4] 6-Hydroxydopamine (OHDA)
o 23t p62o] Wl fw.

A
120
gloo
% g0f
E 60
E 40
w2
20
07 SpM 10uM  25uM SOpM
C,-ceramide
B e + C,-ceramide
0 30 50 50 (M)
2 2 10 2 Serum(%)

[ 2] Cy-ceramideo] 93t SH-SYSY AJZ2] AFHT} p62
9] =&, (A) Cprceramide®] Fko] u}E
SH-SY5Y A|Z2] APE Z7} (B) Cr-ceramides
Aol Ae3E ul pe2o] TH =

th2olli= ceramideo] 2Jgh Al
32 etolr Q). Ceramide=
ol [17]% Z& g4 Ee v
o a3t A ol Ao R duA Stk
L] Cr-ceramided ©]-§sto] AAA|ZA SAFS
HAFEE ERIskH= AAA 50 uME] Cr-ceramides
SH-SY5Y Al3Zof 24A17F A& o 50% HL=2] Al
7h APESHE g ERISHITHLE 2A). o] ZxofA
endogenous p622] W& o] & #|5| Z7}E]= AL Western
blot A0 & 3}ol5}g it (13 2B). Cr-ceramide?] &1
7 ZRIAL media®] WA SEIF GRS p62e]
U Aert S71e R, AlszAbgo] B X3P EHA|
p629] Wdo] Frk= AS ¢ 4 Urk o= AABAT
ANz7t A AAT Aol B3l 219 o p62<]
o] R oo A Autel AT 14]. o)

650

o] A}2 Cr-ceramide, 6-OHDAS E|3YA k|z23lo] vt
Wk Io] e 2R AHPsielE W SH-SYSY A
ol 4] p629] o] FTIEER o]= p627} A7 EZ S
4ol o3t FFA Xzt At o] 35S AlAKRIT

3.2 p622| nt&lol 2|8 C,—ceramideo|
o|8t SH-SY5Y MIZo| AtH x|

oro] A#oAl  Cr-ceramideo]] 2]3f| p622] WEo| &
TE= AL BESIE ST E p627) ceramideo] 23t Al
AHIE AETHOIA ol olghg kx| Yobmsitt
p62E TRHESIL obt|uubo] B A(p62 Ad)E SH-SYSY
Azzoll FHAI & Aeetdls
caspase?] 22 S & poly (ADP-ribose) polymerase(PARP)
7} AeEE wAS ZARKET. AE AungEst
caspase2] ZHAJof ]3] PARP= 116 kDa2] full-length T
wo] A2AIn] 96 kDao] Wehe FE|=sL A4 et
[18]. p62-Ad7} FEE Az = HETQ] LacZ-AdE
HHAIZL Hlzzefl H]8j Co-ceramide 22| & 12A]17}1A]
PARPS] Hito] AelEl= A% oF 4 ok 7L ofol
1= PARPS] Mt i w%ai UepdehE 3). &
gt AE 7IUAIY] Akt p62-AdE AT AlazoflA] 4k
371 B @ol Yol om, LacZ-AdE AT AlEZoAle=
Tol Akl Qluste maE 5 gl v

Cy-ceramide S

2~
T

KL 3). Akt= o2 F79 AL
AAFSHE T Akto] Qiteh= AlAIE

AEo] Cor-ceramideo] 2J8f o7|E= ABAHE AbEE
AN AL AR
LacZ-Ad p62-Ad
0 6 12 24 36 0 6 12 24 36 (h)

PARP

PAKT
(8473)

p-actin

[32! 3] Cr-ceramideo]] o]t A|ZAPEIGC] Ql= SH-SY5Y
MZo| A p622] Thte o] ok MlEZAPE ] A3
oF & 7IUA Akt9] QI4kSE 571 PARP A
£ 0|83l Western Bloto]|A] ¢]9] wH=EX full
length PARP, o}&)] Hi=3= caspaseo] 2|3l At
2 S AFR-S Uehich § -actin®] GFO 2
A R0l 22 o] ghalo] Folgli= AL o 4

9lrk
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3.3 Cr—ceramide X2| £ p622| Httnt &
23t 34t

theoll pe27F AZBAIEZ S AFES XA wf ojd &
Aol dojup=R] ARSI Chr-ceramided  *]2]3t
SH-SYSY A|3£2] 325 F AJgto] ZJafgto] whet Triton
X-1009] 83} =]+= endogenous p622] (soluble)> Hx}
Haste W 584 Egol ¢l endogenous p629] &F
(insoluble)& Z7F5}.0.51, 284 H21olA] p62e] Ak
o] WAHUTHIH 4).

o= E3A HEgho] W3sh= FF p627F HHE
HollA dAs= A vls2et d4olh

PR

goluble ingoluble

+

+

0 6 12 24 48 0 612 24 48 (In)

<— Full length

:| Cleaved form

[3 4] CrceramideZ A |3t SH-SY5Y Al|Eol|A] 2z
= p62o] At

soluble nsoluble

0

6

12 24 (W 0 6 12 24 (h)
(kDa)

100—

B soluble nsoluble
0 6 12 24 (b 0 6 12 24 (b
(kDa) (kDa)
100— 100 —
70— 70
WB: | _ 50
a-Flag 40— 10 —

[3% 5] Cr-ceramideZ A 2|3} SH-SY5Y A|ZofA] p622]
AtibEo] 28-S Western Bloto2 AL (A)
T7 A= 2ARE C-aeho] 917, (B) Flag A
2 2ARE N-Ee] 913
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Ceramideo]] ©J3F AIZAE EATPgolA dojuh
p62o] Arkat $83} WAL & o A3 T 9
3 p62-AdS AlZo] AT F pe2o] SHE EAHA
ok pe2-Ade] o3 MEEE pe2 THAL N

Flag tag, C-Zeoll = T7 tag Wol Nog} Cuhghe
Wek 4= QA T T7 PRI BE ATk pe2is
Crceramide #2] F 12A|7H5E] ok 298 EF
A AHR(SF 45 kDa)o] 5| Mol hii 7hgA
R8of] AR Alzko] AR B84 B O Sol

7tz %ol S7IsTh (1" 5A). 30|28 A2 Flag-
A2 215 A7 p62] N-urek ek AHE(F 25 kDa)
2 124170 L 24Xt A 718 EElofl M & s
A AT B84 B oA Fglo] EEY, 2447 &
e v o 2k x7to R Hokrn nE 284 2
o8 o7k Aolthd 5B).

Ca-ceramideo] O3+ AIZAZ APHIERE p627} Al
oA B8 BYOR Bt AL Bl 99
Atz =4 HA3 At Ho] 11 BAA p627t

MR o8 #3504 W Tk ol Thore =
Au] Aol A sphingomyelin®]  7}Esfo]  9J3}e]

ceramide®] Ago] EAECHT WA 9l7] Wil
[16]. TEZE o] dA-2] AFb= p627} M| AP ol A
2gshEl caspaseo] OJ8) AgkElo] N-wEk 917} 2
Hale g HojZth p62o] N-wheh el PKCs £
o2} FRo) Sl ATske Ao dkelA gonw
[20] A2 AFEIYERt /g 3He caspaseo] 23]
p627} T 5 N-uEk 2917} ke whlaa Aol
W =4S FEIYL = S Foltk o d¥ F
/go] ceramideo] &J3 p629] W o] %L, p622] I}
W& o] ceramideo] &J7F AFAZ AFES A AA7]= W
AUZT} ool 9 THAol ok

AA| Gzsto|mryo A AdBpAEFH A0 o F¥
ol sl dzsfolw opgzolE M Sddhuid
(APP; Alzheimer's amyloid precursor holo-protein)2] ¥F&
o] 27}z APP= HthE|o] amyloid-beta T2l (Abeta

protein) & F4JsH=t], G=alolulHolA Abeta TH
o] ABAEHAE FaA7)E HEHQ TS Fhris

Buzk Qlo21]. & oh2 =84 H@Ee] shel dF
EdoA o] el chalg o] N-Zeh Aok} g7
Aol 5A4E& dovl= delo] EAuk, o] Yol 4l
Axe BE mule molthe Buw QtH22] p6:
Abeta, SEE Tz w} Zro] B34 |2 3tko] xlgdu} gk
7 dAaEn £ B2 J3AS AT 7hsAdol ok
Z2 p629] Aol A3} dAfo] ofEA
AgMIES] AFEE A dsk=Alo] gt HAYSS AA

[e)

KeX
=
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