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Methylprednisolone (MPD) is a synthetic glucocorticoid drug used in treatment of many neurological diseases and

neurotraumas, including spinal cord injuries. Little is known of the mechanism of MPD in neuronal cells, particularly
the genetic expression aspect. DD-PCR was used in identification of genes expressed during MPD treatment of PC12
cells. We have isolated 3 predicted up- or down-regulated genes, which are differentially expressed in neurons by MPD.
One of these genes, USP16 (ubiquitin specific protease 16), is the deubiquitinating enzyme that is up-regulated by MPD
in neurons. In order to observe the effect of MPD on USP16 gene expression, PC12 cells were treated under several
experimental conditions, including endoplasmic reticulum stress drugs. We have isolated the total RNAs in PC12 cells

and detected USP16 and ER related genes by RT-PCR. Because its expression pattern is similar to expression of ER

chaperons, USP16 gene expression is strongly associated with unfolded protein response. A meaningful negative

effect on each tissue treated by methylprednisolone is not shown in vivo. USP16 gene expression is suppressed by
LY294002 (phosphatidylinositol 3-kinase inhibitor), which suggests that USP16 gene expression is regulated by the

phosphatidylinositol 3-kinase pathway.
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IS PRI Y 7S] Adst 5= Esto]

of T WS AsHA7]=

] 91t} (Anderson & Cranford,

1979). 53] HolA ¥FY Ao A o] 2HROIE AR
Z

= oA Ae, FE S e Quky Wz olste]
o) FHol w9l ek FEE 4 9lo] WAl
N4 mEskE A2 7142 o857 It} (Sinha et
al., 2004)

NARTIs08x 347 ~H R0
TF (Hall, 1992). W]=roll A 2 54%
S o R 3 FHto] 3 AEo|AE 90% ©]/do]
AREFRAL TSI (Eck et
al., 2006). 3HA|FF “17ke] ~H|Ro|=o] Gt )k
oo RuE ulglo g BN o algoMs 1 &t
o o] oS A7Isk7 1% &F3Th (Sayer et al., 2006).
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PC12 A|3E 10% horse serum¥} 5% calf serum®]| &
F RPMI 1640 (McCoy's 5A modified media; Sigma-Aldrich
Co)ulA] WollA 80~100% FAL7} Ex== ujdstsl
o} wjdr]e) 202 37T, 5% o)atElEka, 90% ©]4]
FE7F A &0 wiAE 2~3dvitt wékstar
7~109 vtk AlgElg stk MPDel| ApE A o s Wl
e fAAE B8] Sleke] WAHES PRSE 33

A2l & MPD (Solu—Medr01®; Pharmacia, Stockholm, Sweden)
4,000 ng/mlE 2 g]ate] gx17ro] At Theol] AL EKE]
total RNAS LTt

Total RNA 22|

Total RNAS] #2]°li= RNAzol-B Kit (TEL-TEST, Inc.
TX, USA)E ARE-3IolT) 53] A}ek PC12 M2EE A7}
< PBSE 23] Al#3le] o] B F RNA zol-B 1 mlo]
homogenization A7t} 1 T3 chloroform 200 pl-S %7}
s}o:] ZH A1 531 12,000 rpmoll A 1523 4 Ea]sle]

2 500 pl2] 5ol 500 pl2l isopropanolE 3715k
4c<>ﬂ*1 1557F W] % A 12,000 rpmell A 1087F )

A st AdES At A=l 75% ethanol 1

< H7leta = afa}oq 10,000 rpmel|A] 51+ A4
T2l5to] RNAE A2 spectrophotometer® RNA %
= S5k

Differential Display-PCR

GeneFishing™ DEG premix kit, K1040 (Seegene, Seoul,
Korea)S ©]-83}%] DD-PCRE A3}t Harvestst Al
Foll A A2 RNA 3 pgE 10 uMe] dT-ACP1 2 pio}h SHA|
80CellA 33 7Fdate] WA Al ¥, AEEONA =
23} 4 ple] 5 < RT buffer, 4 ul€] dNTP (each 2.5 mM),
0.5 pl2] RNase inhibitor (40 wpul), 1 ul M-MLV reverse
transcriptase (200 wpl)E 7}skal F WES-Ho] 20 ul7t
=5 243 F 27T 908 S3F ¥HEAI7]AL 94T
A 2@3E Al & Aol 227 WA @
cDNAZE 180 pl DNase-free water® 3]43}o] 20Tl B
&+t GeneFishing PCRS 9J3te] L8043 i
¢DNA, primer=4] GeneFishing™ DEG premix kit Z}2}2]
5 uM arbittary ACP, 10 uM dT-ACP2 1 pl, 2X
SeeAmp"™ACP™ Master Mix 10 pl-& 7}F&kaL ZaFo] 20 ul
7} HA SH7E H7keth PCR 2702 3 WA vhgS
94°ColA 523 Sws] WS AT F 50Tl 3%
59t primer annealings}tal 72°Coll 4] 183} polymerization
AZIT) o] & WS- 94T 40%, 65C 40%, 72T 4022
30 cycles WHSAIZ]AL, vEAIRF WEG-2 72°TClA 5% &
o} F%3] polymerizations Al T S%%H PCR product
£ 2%9] agarose geloll X 7] Fsste] ApHs} wd =

FAAE Rk
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RT-PCR

PCRY] template® A}83}7] 98] M-MLV Reverse
Transcriptase (Promega, USA)E ©]-83}4] ¢cDNAE 34
sFIth 23k 3 pgel RNAE oligo d(T), Nuclease-Free
Watere} $7] 1.5 ml tubeol] WiL 70°Coll A 57t 7Fds}
of WMAANZ tha SA Aol 2l 471 5, M-MLV 5%
Reaction Buffer 6 ul, ANTP mixture (2.5 mM) 4 pl, M-MLV
RT 200 units, Recombinant RNasin” Ribonuclease Inhibitor
25 unitsE 7}0}3 Nuclease-Free Water2 # & W&
S 30 plE 2HE ohe 4270l A 9087 RS A AL
& Foll= 95 Coﬂxi 28 M-MLVE B4 A7 &
Nuclease-Free Water 70 pl& U3te] #HE EF 100 pl=
gE O 245 A vheAl 2w ARESESITH
USP169] primer+= Forward primer: 5'-gaa ctt gtc aca aac gcc
agt get-3', Reverse primer: 5'-ctt tcg ttg gtt ctt ggc ttg ctt-3'S A}
43k1em 32 cycle®] PCRS Aldsle] 4 AHES A
7l 9Bom skl

ER stress R 2= X2|

PC12 A7} 80% ©’d AEFTHEE BY W MPDE
HE F%E 4,000 ngml 7t HEF 164X 9 vl
Fo ER stress 5= 2F&5-S 2|83t} Tunicamycin 20
pg/ml, dithiothreitol (DTT) 3 mM, A23187 10 uM, brefeldin A
(BFA) 10 pg/mlo. = 3AI7F 52t vigh -0 total RNAE

AN

Western blotting

S8 A= PCI2 AIEES ole] Aoks AT &
MEELS Fo]RLe F SDS sample buffer (10 mM Tris-
HCI, 2% SDS, 50 mM dithiothreitol, 2 mM EDTA, 0.02%
bromphenol blue, 6% glycerol, pH 6.8)& ©]-83}] &3|A171
] 787 Bk SDS-PAGES A &3laLA] gele] whulz
< Tmmun-Blot polyvinylidene difluoride membrane (BioRad,
California, USA)9ll ©]'5A1 3 Th Membrane2] ‘&-2 binding
sites 27] 13l 3% skim milk, TPBS (10 mM sodium
phosphate, 150 mM NaCl, 0.05% Tween 20, pH 7.4)Z 1At
59t A28kt 1 pg/ml anti-phosphated elF2a (StressGen),
3% skim milkE membrane=} $HA| 1A13F HES-ATFTE 3%

skim milkZ # ¥ membraneS 0.1 pg/ml peroxidase-

labeled goat anti-mouse IgG (Kirkegaard and Perry Laboratories,

MD, USA) ©]x}a41¢} skim milk = 1A]7}F &0k w341 7]

Fig. 1. Separation of PCR products on acrylamide gel. DD-PCR
products from without treatment (A) and methylprednisolone
(MPD) treatment (B) were compared on the denaturing gel. The
up-regulated PCR product, differentially expressed by MPD, is
indicated by the arrow.

t}. tFA] membraneS TPBSS} PBSE #3114 Renaissance
Western blot Chemiluminescence Reagent Plus (PerkinElmer
Life Sciences, MS, USA)& AH&-5lo] #Hzke}gict,

SE U= AR

853 % 250~300 g2] SD ratol MPD 30 mgkgs v
13], 29 ‘st A 5 3 Aol 7} F7E AF 6
ok dzwo s e g9 AYAAFE TRt

Protein kinase inhibitor &{2|

PC12 H|3E7} 80% o)/ A3
kinase inhibitor (Calbiochem, Darmstadt, Germany)&
=<t 223} t}. Kinase inhibitors:= PD98059 (ERK kinase
inhibitor) 20 uM, U73122 (phospholipase C inhibitor) 10 uM,
KT5720 (protein kinase A inhibitor) 500 nM, LY294002
(phosphatidylinositol 3-kinase inhibitor) 20 pM, SB203580
(p28MARK inhibitor) 20 uM, SP600125 (JNK inhibitor) 20
WME AHgSH

ESAEE B v 747

2A|3E

24 _TI_I.

PC12 A|¥E MPD Aglste] AL total RNAZ DD-
PCRS AAIST. 3a 245 = 119 f-#ke} shak
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Fig. 2. MPD dose- and time-dependently expression of USP16.
RT-PCR was performed using F-primer (5'-GAA CTT GTC ACA
AAC GCC AGT GCT-3") and R-primer (5'-CCT TCG TTG GTT
CTT GGC TTG CTT-3") against total RNAs isolated from the
different dose (A) and time (B) of MPD treatment. The experi-
ments are repeated three times in the same conditions and shown
one of them.

AL o' ZRAE &7] $18te]
A7stltt. 3709 ApEst FAx 5
%+ A= ubiquitin specific protease
16 (USP16)°|{T}. USP16 Tl AL cytoplasmol] 23}
= 825 obulieAl 9371, 93.69 kDaol™, N-terminal <]
ArzAe FstE Fo|l F22 ZnAfingerE 7FA AL
C-terminal %3 % 9ll:= ubiquitin A A71E 71T} (Puente
et al., 2003). USP16 427} MPD (4,000 ng/ml, 16*13};
g Agshis g5 110)0 s A 2dH=
A AEelst7] flste] MPDO] Fofat A A
g2lsle] RT-PCR 3181t} (Fig. 2). MPDE 400 ng/ml,
4,000 ng/ml, 40 pg/ml, 400 pg/mlZ S| o]S Fof A
2&te] RT-PCRS Aldste] AE]at3ls o, MPDS A2
a2 ek Al Hlste] 7MY W %Rl 400 ng/ml 7
o %= controlol] H|BFe] Ak AEQoHW I o]t
| e 24 e FAEJT 2e]ar 4,000
ng/ml®] oA ZH2h AARE dejgls wjo]
Fds FRlsk Ay 7 AL AR 447 A gt A
EAE Zgh e o] FRlE AT

USP16 312} W33t ERE| ¥AIE dolr 7| flsto]
MPD A 2|2} H]A ol 2]3} ER stress 1% =<1 DTT
o} A23187°l gt WHHAPFS FAFEISITE USPI6 F4
A= DTT9F A23187 Fo4A] MPDell ol&f T &}
dEA AT 18y ER AARRAERIAR]I CHOP, ER
chaperone?] calnexin?} Bip< MPD A 2]¢} “J#gle] ER
stress A Ef A =& THYLS BTk GAPDHE| Hd
& Z Ze)7t e pno] A& Fdgo] #EE AT
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Fig. 3. Induction of USP16 gene expression by ER stress
inducible drugs. Cell treated with MPD or without under ER
stress conditions (DTT and A23187). RT-PCR was performed
using each total RNA isolated from indicated conditions. Primers
for RT-PCR are following as; CHOP 5-CAT GAA CAG TGG
GCA TCA CC; 3-GCT GGG TAC ACT TCC GGA GAG,
calnexin 5'-GGG AGT CTT GTC GTG GAA TTG; 3-TGC TTT
CCA AG A CGG CAG A, Bip 5-CCA GAA TCG CCT GAC
ACC TG; 3'-AGC ACT AGC AGA TCA GTG TC, rpn, PERK
3'-GGT CTG GTT CCT TGG TTT CA; 5-TTC GCT GGC TGT
GTA ACT TG, ATF6 3'-CTA GGC CTG GAG GCC AGG TT;
5'-ACC CTG GAG TAT GCG GGT TT, IRE1 3'-ACC ACC AGT
CCA TCG CCA TT; 5-CCA CCC TGG ACG GAA GTT TG,
GADPH 5'-ATG TTC CAG TAT GAC TCC ACT CAC G; 3'-
GAA GAC ACC AGT AGA CTC CAC GAC A was used as a
control. DTT: dithiothreitol, rpn: ribophorin.

Fig. 4. ER stress induces USP16 gene expression. Cells were
treated with MPD or without under ER stress conditions
(tunicamycin, DTT, A23187 and BFA). Tu: tunicamycin, DTT:
dithiothreitol, BFA: brefeldin A.

(Fig. 3). ER "ol Al 2l& el #ofdl= PERK, ATF6,
IREl:= USP163} A9 53t ddES Btk ER
stressoll gk USP16 3 S7Hs o €Rlshr] 913 &
ER stress -fr= 2F=<! tunicamycine™} BFAS *]2] 331t
o] oFEof oSN BT FUs o= MPDol| o3|
USP16 W&ol S7hdS &1skSltt (Fig. 4). MPDe] <]
sto] ol HALRHERAAL Fo] SRl elf2al] A4S}
H FER elf2o-pe] T&HS Western blotting &2 Z=A}S}
ATk elf2o-pi= IAFSER Qlake] AARAQIA R 2F-g-3f
A BaHA Ho] Azl Al Ao whid gghio] |
oAAl FO 2 ER stressS 3|93} 4A1ZE AN =

o>
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MPDol| #AIRIO] ER stress®] F&dS A2 FUs A

S RE H)aE A 7] 24417F 59 MPDS A€
39S W= ER stress7} 1= A5l A] elf2a-po] o]
Al A=Ak 221} ER stress 3ol A= elf2o-p
o] ilo] ek dE %l on 53] BFAT MPDel ©f3)
A g AeaaE Bt (Fig ).

In vivodll A1 MPD 2]l ¢]gF USP167} ER stress ¥
A 7 %4} Bip & PERK) & o] F7|H W3lE 27|
g/]é}oq RT-PCR% z‘sg'&]-oﬂl:}— o]g. 31—7;]] Zz],] 00}7(4
Hels o47] $15te] H&E FA= A&sisitt 873 A
ol 30 mgkg®] dose® 37 (FASE F W FALGH
& 3 Ao 7 F7]ZHE total RNAS AU, I
A7)+ H&E $94S #1381 4% paraformaldehyde®l] 3179

S0}
Z

Bl

shalnt. Fetvd wEAst fo4 e 249
2 W3l= ST (data not shown). El]z:rLOEf 4,
Fol AeA s FARIIY UsPl6 fadAke] el

A23187 BFA

4 hr

2ANE N e a— — -—--——d
Fig. 5. Western blotting of phosphated elF2a. Cells were
incubated 4 hours and 24 hours with MPD or without under ER

stress conditions (tunicamycin, DTT, A23187 and BFA). Tu:
tunicamycin, DTT: dithiothreitol BFA: brefeldin A.

Q Control KT LY PD SB SP

24
Al &
[e]

= A 39 oW Bip¢} PERK= -FrASH vhal
S H3AT} (Fig. 6). USP16 F42F & o] A Eu)2]
kinase®l] ©] 3}~ ijﬂjgﬂx]ﬂ 7] flste] A
protein kinase inhibitorE-S Aol 2|3 FHell USPI16
o] W& RT-PCRE F3le] ZAFSIITE Z2AFSH protein
kinase inhibitors & Ui AX9] Zpol= glo

controli-oll H]3}od USP16S e 243l S Hol
31 1.Y294002 (phosphatidylinositol 3 kinase inhibitor)¥+e] 3}

TE Z*%

¥ Z2A8EAT (Fig. 7).

o FH

BIP [
PERK

Fig. 6. Expression of USP16 and ER stress genes (Bip & PERK)
in the each tissue. Rat was treated with MPD (T) or without (C)
for 48 hours. Total RNA was isolated from each tissue and
performed RT-PCR. Kidney and muscle tissue show up-regulate
the expression these genes, however it is down regulated in heart
and lung. USP: USP16, C: PC12 cell, CC: cerebral cortex, H:
heart, K: kidney, M: muscle, S: spleen, T: testis.

Fig. 7. Effect of protein kinase inhibitors
to the USP16 expression. Cells were treated
with six different kinds of protein kinase

16

inhibitors for 2 hours and estimate the

14

amount of USP16 expression by RT-PCR.

(A) is a representative of RT-PCR analysis.
(B) Quantiative data showing the average

-

fold change in USP16 mRNA levels obtained
from the three independent experiments. This

result shows that LY294002 down regulate

the expression of USP16 the control groups.
Cont: control group, KT: KT5720 (protein

Ratio of Densitysum

kinase A inhibitor), LY: LY294002 (phospha-

tidylinositol 3-kinase inhibitor), PD: PD-
98059 (ERK kinase inhibitor), SB: SB203580

12
08
06
04
02

0

(p38MARK inhibitor), SP: SP600125 (JNK

Cont KT5720 LY294002 PD98059 SB203580 SP600125 U73122

inhibitor), U: U73122 (phospholipase C
inhibitor).
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o} QT Z7he] ATt oF 2%k o
ols) 2453 Qo AXE e b dul
40 03 7] G oprlestil 33
o ek Aadslel Aaksbl 43

al
R I R

< A4 Egstal Fastola Gl Agele HF
How FAAR GAS 7H dldo] whEolX= §
QFell EwFEo] oF 30%°l o]Ett A= vhEolxl o
A Jds] & 7 A& 3lo] ofe}t A AIRF <t
7S B3 Hde S tetA Hrh (Bukau &
Weissman, 2006). ©]ol| -sRbste] METHE JYUsA]+=
ot AE7F SA FHH 2 Sl o' AR e
Sl e A Hr)E Wl AH3hA "ok & 24 €
o] FEre] v ol o ZhE A B g4

o A i wHEo]

Boll o= #gshr] witel A &
=] =

2 76709 ojujw=sto R FAE ubiquitin®] s wh
Aol A AlZHE T} (Sulea et al,, 2006). H3E 42 Folt}
Y ubiquitin> 522 A E AL #H7sloF 3 duilES
Zrol A Ff A3t o]& ubiquitinationZFal $Ho
Ubiquitination®] dojub= 712 @z o] Ff= w9 ot
&Fato], Alzule] Ao BE AE]E-so] ubiquitinationol]
APyo] glom W AHWT ybiquitination®] A <1
Aeg Fsto] dojuls A7t Bk olAd HY|E &
QA= o] ubiquitin S 2H-E F9] 7|2E
AL Az 98-S 3= proteasome®| 2=
A Eel FAR FAAA opate® EefjEnh
el ARE-¥l ubiquitin®] AE-EE 7] Hste], 3l
] o] Eo]9l= ubiquitin deubiquitination
3H"1 7t A o g Fobd o vk olufo] AR
= 84E deubiquitinating enzymes (DUB)Z}aL &},
A M 7}11 702 FE3Y (Amerik & Hochstrasser,
2004). A=7H4] 1004 E7-<] DUBs7} 1A EA)8h=
Aoz AdEA I U} (Baek, 2003).
2 A FoA MPDe 23] A7 oA 2pE 3L Wk

woE oW
i)
rﬂ
J%

1

Moo oo

(el

5= §7%04HS DD-PCR W< Sdto] 43 23 3
el 2pAs HAEE S BAT ¢ YA o
T Uhe 4% 24H0aL 2l o 24T T

do] e f32= DNA 4 &3l USPl6d S &
S Atk USP162 DUBs®| 3+ A=A Cai WHAE
of o8] S AU} (Cai et al,, 1999). Cait= HeLa

9} Jurkat cDNA library®l] 4] mitotic phosphoprotein®l] tH &}
monoclonal antibodyE AH&-3to] A2 o] EA)8)=
USP16 38242 LRSIt o] 34k 715 USPsot
FrAFSE sequences 7HAIE Qlowm FA] o]& Ubp-M
(mutant deubiquitinating enzyme)®] 2} ™ ™ 5}5 tF. Western
blot analysisE& &3+ Aol Al USP16< metaphase %%l
°| 7?” ey °14§§— YERHAL anaphaseol| A 71 oFgh
ZA mitosis”|ZF U] AbA o 2 dh
Sd%]'% %@5} I} &3 chromatin®]
el Histone H2ASF H2BO| 2183} ubiquitination
H TS g ubiquitination A1 = Y= o] 9l
Busdh 1y o1 o] %ol USPl62] HEg
5o et A7 AT, durA o2 USP16

&2 A9 wild e g ybiquitination &4 ZA 9]
o]9]o]| 26S proteasome?] 7|5 A, AXE3S 4
12y 312 747(4 uLoL g3 A A7 A3} ANA
AR AAL Z2-o| = TofslE o] Iy
102 Hol USPI6 A M2 838 7|5S
AZLE T} (Graner et al., 2004). USP16 A}
7} MPDel ©J3liA] ek A E= As AglaEty] flst
ol MPD®] &} Azt mhE W3S RT-PCRE
ZAIE W 7P W2 %291 400 ng/ml 7 5-2F 71
2 AR 4AIE A gh Aol 2k we] £l
EQIth o] A= USPL6 ko] e ofF Alsk
b g2 AlZke] MPD Aol ofsfir e el A %
A e oF 4= 9t}

213 A S o) A
Al ER lumen®| 4] post-translational modification step= 7
oA ghdgh Gy ss WIFT F Adrh =
ER WlelA] 23 3] AY (misfolding) =2 H3]A
o (unfolding) chilZ o] AAEH o]E vz o] I
ol ZHAM MAEAZ oA Ak ojue] NEAZ
U2 ch A B R ubiquitin®] AEsle], A=olli= 268
proteasome®l] &J 34 E37F oubAl FTh (Nishikawa et
al,, 2005). Ao 2% MFEA2] 268 proteasome 7|52
A3kA1 7] ER 2] ER quality control (ERQC)®] 84+
o ol ) oleld ol fE Akl

AEARE} FRQCE ABIA} Q= Ao A%
<= At} (van Laar, 2001). LA MPDeol| 2]&] E-o]4
WS &= ubiquitin specific protease 2] 3FUSl USP16
71502 ER¥] A HANS 58 5 Aok o
ghA 2 o9t MPDel 2)8] AEH o

8 ubiquitination
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USP169] ER®| tfgh H&te]] =4S FA =3t
MPD®] ER stress %! A|3EAYEC]] g 1 E
(unfolded protein response)¥}2] <3+
S

ER stress®] A&7

S

2
=2 r
o
2 7
e
-
_O‘l',
)

= 9Fe &
Sohes o R fuﬂ 352 ER ohetuld ofgfA
¥t} (Schroder & Kaufman, 2006). PERKi= ER stressS
oW o1xkEl7) dojub 293A7F dk 1 A} elf2a

128} (elf2a-p)7F ULt 222 0 2 translational step
T G Hol A GRS SE o RA
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