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Brefeldin A (BFA), a lactone antibiotic isolated from the fungus Eupenicillium brefeldianum, inhibits the
transport of secreted and membrane proteins from the endoplasmic reticulum (ER) to the Golgi
apparatus. BFA disrupts Golgi function, the accumulation of unfolded proteins in ER, and the in-
duction of ER stress. Prolonged ER stress induces apoptosis at least in part through the transcription
factor C/EBP (CCAAT/enhancer binding protein) homologous protein (CHOP),which is activated by
the unfolded protein response (UPR). In this paper, we demonstrate that BFA-induced endoplasmic
reticulum stress leads to different CHOP expression in primary astrocyte cells and C6 glioma cells.
BFA induced lower CHOP expression levels in primary astrocyte cells than in C6 glioma cells; how-
ever, other ER stress inducers (thapsigargin and tunicamycin) resulted in similar expression patterns
in these two cell types. Interestingly, the three different ER stress inducers (BFA, thapsigargin, and
tunicamycin) induced similar levels of CHOP mRNA expression in primary astrocyte cells. The ubig-
uitin-proteasome inhibitor MG132 also markedly up-regulated the BFA-mediated CHOP protein ex-
pression in primary astrocyte cells. BFA also induced higher proteasome activity in primary astrocyte
cells than in C6 glioma cells. Taken together, our results suggest that higher proteasomal activity
might down-regulate BFA-induced CHOP expression in primary astrocyte cells.
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A3 A (endoplasmic reticulum; ER)& ribosomedl| A &4
d g £9 /x4 (folding/assembly), B 3}(glycosyla-
tion), ©] %3} g (disulfide bonds)# -2 post-translational
modification Zg¢] doAvte F88 FAo|th8, 9]. ER
A =g dmd 34, ndsad 9l 3, A 87,
g &34 W3 59 &4 2% I ERY 75 Boi7t T
Asted o8 A2XA AE#HA(ER stress)2tal ITH10, 14,
15]. ER stress7} oF71 S| M X = &XA 2o EA3t= Al
7k 9] AEZHLA A pancreatic ER kinase (PERK), in-
ositol-requiring la (IRE-1a)/X-box binding protein 1(XBP-
1) 9 activating transcription factor (ATF6)ol &3] A S A
o] w7} ErH12].

ER stress 7] £& w]ekgt FJeodM e AELE HE3}
918 Grp78 (BiP) % Grp9%4 53 Z2 ER chaperone 94,
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protein disulfide isomerase (PDI), peptidyl-propyl isomerase
53 22 didES F % AT, ER stress7t A AHA &
Ad U5 35 A A2e AZAPE o] A5 3TH19]
ER stress w711 ¢] M AFEo]l C/EBP family T2l C/EBP
homologus protein (CHOP) frad#te] €471 83 98-S
3-TH16]. CHOP #A A7} knock out ¥ A E | A= ER stress
o] AE Abde] AL ml[ls 25], 3tA% CHOP 4
Ao Bty Fuje AXE AEo] ZXHAT17]. ER stress
A4 Al CHOP @2 9] 3 x4 & PERK, ATF7 5 IRE-la
o AsHLA A oo =d Hrh[23-25].

BFAE Eupenicillium brefeldianum 3 %022 8H ¢
lactoneZl @& A A o]t} [20]. BFAT ERI A Golgi appara-
tus2 9] £ Ee o Ao 55 fAst] ER stressE
ot71 gt th4, 11]. WekA BFAA 2] Al multiple myeloma, HeLa,
colon cancer, prostate cancers Th&e YA EFo A A LA
Be G, 3, 6, 22].

£ AT A= B astrocyte Al Z 2} C6 glioma A o] A]
9] BFAA E] A ER stress marker @ ¢ CHOP &d 44t
<l EA5 AT Co glioma M E9 A4 astrocyte M E
ol BFA A2] Al CHOP &&o] A4 astrocyte Al A
A3 e wdS ATt £ BFA A F Al astrocyte
A Z A CHOPEH Ao & wgo Bt 7| dS A3t
SAtt.
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MIZE HHQF B AlSF

B AT Agd AAn MEFA C6 glioma AlEE
American Type Culture Collection (ATCC, Rockville, MD,
USA)ol Al Fdatiith. A2 s & WA= 10% efof
8 A (fetal bovine serum, Hyclone laboratories, Lagan,
Utah, USA)# 1% antibiotics, 0.2% Gentamycins 3 7}&
DMEM (Dulbecco’s Modified Eagle’s Medium, Gibco BRL,
Grand Island, NY, USA)& AF&3toH 37°CE fA 5 &
5% CO, W75 o st wjdatict. Ao AH&H oA
2l Brefeldin A (BFA)+ Sigma Chemical Co. (St. Louis, MO,
USA)A A T3St

Primary astrocyte MIZ 22| & H{¥

Astrocyte | & £ Giulian [5]¢] ¥l we} 1~39%
# (rat)o] 2 de et AHESITh B I E S 2 FE
& o] &3ke] 10% FBS7H £3® Dulbecco’s Modified
Eagle Medium (DMEM) HjujAo] A ©Y HZZ THE &
75-cm” T-flasks o A 2-3F &<t #] %3} 9T}, MicrogliaS =
g3 non-astrocyte A ZE shakings %3t] AAS, as-
trocyte A ZE& 0.1% trypsing ©] &3t &2 3 F AP &
st EFote] AHESATE B A= AW IRB A
JAYME KM-2010-41)5 AA s I53FAT

RNA isolation and reverse transcriptase-polymerase
chain reaction (RT-PCR)

BFAdI| 98] &7}t CHOPS mRNAEE H =& 3<l3}7]
A&l A RT-PCRE ©] &3t CHOPS mRNA &3S 43}
ATk A EE A2 g Al Eol Trizol reagent (Invitrogen C

C6 glioma

Astrocyte

BFA2uM 24 hr BFA2pM 24 hr
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Carlsbad, CA, USA)E A 2|3l total RNAS £ 3 F,
M-MLV & % A} & 4 (Gibco-BRL, Gaithersburg, MD, USA)&
ol &3te] (DNAE @A sttt &4 ¥ DNAE CHOP pri-
merg °| &3t FHAES FFAZT. PCRO| A&7 CHOP
primer sequence= forward: 5-CAA CTG CAG AGA ATT
CAG CTG A-3, reverse: 5-ACT GAT GCT CTA GAT TGT
TCA T-3'°] 2, actin 9| primer sequencet forward: 5- GGC
ATC GTC ACC AAC TGG GAC-3, reverse: 5- CGA TTT
CCC GCT CG GCC GIG G -3olt}. I ¥4 Aol & vlus}y]
93 A 1.5% agarose geloll Zt7He] PCR AH& & loading 3Fo
7195 < & ths ethidium bromide (EtBr)2 @4 3 %
UV el A 23 =& SAdstiln.

Western Blotting

BFAA gl o8] F7Fsh= CHOP ©d w3 Je g &4
3}7] 918to] Western blotting2 A A8kt Al £ 2 0.4x10°
cells/well2 12412 v $of, FBSE H7letA ¥ 784
WA 2 wAsted BFAE 12412t A 2jste], AEE 2o} 40l
lysis buffer (137 mM NaCl, 15 mM EGTA, 0.1 mM sodium
orthovanadate, 15 mM MgCly, 0.1% Triton X-100, 25 mM
MOPS, 100 mM phenylmethylsulfonyl fluoride, and 20 mM
leupeptin, pH 7.2)8 H7}5ta 58 HA 02 15 Fek 31
vortexst] M ZE 32 ¥ 13,000 rpm, 4°C, 1583 94
st ANEE FHEAT A S BCA @A A F kit
AR&ete] 562 nmell A FREE SAst] ddE AT o3
o™, 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE)ell 4] @& 8¢ $, immobilon
membrane (Milipore, Bedford, MA)2. 2 transferst % th.
Membrane 5% milk/TBST (20 mM Tris-HCL, 137 mM
NaCl, 0.1%Tween 20, pH 7.4)Z A2 A 147 443 3,

Fig. 1. Effect of BFA on cell morphology of
astrocyte and C6 glioma cells. Primary
astrocyte cells and C6 glioma cells
were treated with 2 uM BFA for 24 hr.
Cell morphology was observed under
a microscope.
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CHOP (Santa Cruz, CA, USA)34 actin (Sigma, Louis, MO)=
848 5% milk/TBSTZ A2l A 12412 #4133t} Anti-
mouse %= rabbit Ig horseradish peroxidase/TBST (Amer-
sham Buckinghamshire, England)& 1417} ¥H-§ ¥ Enhanced
Chemiluminoscence (ECL, Pierce, IL, USA)& 92 7}3}o] wt
AAAN dds &t

Proteasome activity assay

Chymotryptic proteasome &4 Suc-LLVY-AMC (chy-
motryptic substrate; Biomol International, Plymouth Meet-
ing, PA)& AH-&3to] 24T A ZZ 04x10° cells/well £
12417k v Foll, FBSE H7hetA o6& F84 WA= A
of BFAE 12412 A glste], MEE 2o} 40 pl lysis buffers
A7Vete lysis¥ 5 ng B8 A& W8 buffer (100 mM Tris -
HCl (pH 8.0), 10 mM MgCl2, 50 1M Suc-LLVY-AMC, 2 mM
ATP)ll #H7F & & 37°Col A 3087+ wheg &gl whg &

L=y

380 nm Al FFEE 5A3 proteasomeB A& 43 H

A Astrocyte C6 glioma
- 051 152 - 051152 BFAQUM)
* =& | CHOP
b L LTS p——— T 1)
B Astrocyte C6 glioma
- 051152 - 051 152 TG@EM
- . Sadees | coor
meoee eseeee | cin
C Astrocyte C6 glioma
- 255 7510 - 2557510 TM (pg/ml)
e S8 | cHoP
- :
TSer e er coescses e actin

Fig. 2. Effect of ER stress inducers on CHOP protein expression.
(A) Primary astrocyte cells and C6 glioma cells were
treated with the indicated concentrations of BFA for 12
hr. (B) Primary astrocyte cells and C6 glioma cells were
treated with the indicated concentrations of thapsi-
gargin(TG) for 12 hr. (C) Primary astrocyte cells and C6
glioma cells were treated with the indicated concen-
trations of tunicamycin(TM) for 12 hr. The protein ex-
pression levels of CHOP and actin were determined by
Western blotting. The level of actin was used as a loading
control.

Z2

BFAO| 2/t M= HEf ZAL

£ Ag o) A= BFA7} primary astrocyte M9} C6 glioma
Az Fejo A= SFS AR Primary astrocyte
M Z 9} Co glioma M| Zef 2 M BFAS A4AIZE A & HHE
ZAE A3 primary astrocyte AlZo A= & WstE &
& gtk C6 glioma M Z A& EH Boj7 T2 AE
£ 8% ¢+ dATh(Fig ).

CteSt ER stress 7= E& A2l Al primary astrocyte
MIZ2t C6 gliomaMIZMAS] CHOP CHHZIQ| hsd 2FAL H|

ER stress = &4 ¢ BFA, thapsigargin(sarco/endoplas-
mic Ca*’-ATPases A 8} A), tunicamycin (N-glycosylation #
& Al = primary astrocyte M| 9} C6 glioma A E ol g &
CHOP @4 43 =& 243ttt BFA A&l Al primary
astrocyte Al Z o A= CHOP #ad S 2 & 4 gldloy C6

A Astrocyte C6 glioma
BFA2pM 0 3 612 0 3 6 12 (hp
.- !--- CHOP

ererer wwesesswe | acli

B Astrocyte C6 glioma

TG2pM 0 3 6 12 0 3 6 12 (hr)
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Fig. 3. Time kinetics of CHOP protein expression in various
ER stress inducers treated cells. (A) Primary astrocyte
cells and C6 glioma cells were treated with 2 ytM BFA
for the indicated time points. (B) Primary astrocyte cells
and C6 glioma cells were treated with 2 M TG for the
indicated time points. (C) Primary astrocyte cells and
C6 glioma cells were treated with 10 ug/ml TM for the
indicated time points. The protein expression levels of
CHOP and actin were determined by Western blotting.
The level of actin was used as a loading control.



glioma AXHE F= J&2Hoz 7S Fdstdt
(Fig. 2A). Thapsigargin tunicamycin g A& 247 +
AE 25 CHOP 28<& % 3% th(Fig. 2B). Tunicamycin
A8 Al primary astrocyte A Z oA C6 glioma A Z o ]3]
T4 CHOP o] ofatAl & &% thFig 2C). A7 7 ol
w2 ER stress fr= =2 g CHOP 2@ & 24 stgith.
BFA A Al C6 glioma A Z o] A& 3A7HHE CHOP %8 &
=389 th(Fig. 3A). 3FA St primary astrocyte A E 0] A= v
§ g CHOP 23S A7t 9202 f=3hs &3t
Thapsigargin 28] Al 7 A XA Hl&=d dd JTo} AT
&4 & B Y th(Fig. 3B). Tunicamycin A €] A astrocyte Al
TN 6A T 1o TAAEE B F 1243 A=
P @S BYAT, C6 glioma Ml Zoll A& AZE &4 o
7 d4-& B9 t(Fig. 30).

F

N,

b d

Ci&et ER stress 7= & X2l Al primary astrocyte
MIZS} C6 glioma MZ0IMS] CHOP mRNA &8 2FAr Hlm

ER stress fr= E2 ¢l 2 uM BFA, 2 uM thapsigargin, 10
ug/ml tunicamycins primary astrocyte Al £} C6 glioma
Mo 12 AZE 2 ¥ CHOP mRNA 28 =& 5431%
o vl-%- ZHEA primary astrocyte A Z oA ER stress =
£4 2% CHOP mRNA Zd& &<l & 4 93l th(Fig.
4A). C6 glioma Al Z A= CHOP mRNA ¥d HE+ oFs}
T ZE ER stress = E20]4 CHOP mRNA 2¥ & &
ol & & otk B =5 BFA f=ol 3 astrocyte M Z 9}
C6 glioma Al ol A 9] CHOP @l d o & 27| do HF

R

¢

>

Astrocyte C6 glioma

TG TM BFA TG TM BFA

L — — — CHOP

actin
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Fig. 4. Effect of ER stress inducers on CHOP mRNA expression.
(A) Primary astrocyte cells and C6 glioma cells were
treated with BFA (2 uM), TG (2 uM) and TM(10 pg/ml)
for 12 hr. CHOP mRNA expression was determined us-
ing RT-PCR. (B) Primary astrocyte cells and C6 glioma
cells were pretreated with the 1 pg/ml actinomycin D
(Act. D) for 30 min, and then treated with BFA (2 uM)
for 12 hr. CHOP mRNA expression was determined us-
ing RT-PCR.
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3ke] 2AMFSI T Astrocyte Al E o)A BFA €] Al CHOP &
WA wdFe C6 gliomad o Hlste w9 YA T
mRNA 8 A=A e o g T3 =S &2 5t
CHOP mRNA®] @8 3718 M2+ mRNA #4 & 33t
T actinomycin DE 30% A2 & 2 uM BFA A& A
mRNAE 13 A3 dAES &< 39 th(Fig. 4B).

b

ol

Astrocyte MIZ2t C6 glioma MZNIM BFAX2|0) 2|
proteasome activity AT &0| ZAt

Astrocyte A o] A BFA 2] A CHOP mRNA #d& &
dE Ao CHOP T d o] &3 A&7t Co glioma Al E 9|
Hlsf A3 AL o]+ post-transcription & post-trans-
lation ©A oA A 934 oF7] AT} wekA post-trans-
lation &A 9] 23S F<lst7] $18ted ubiqutin-proteasome
A A MG132E AA g 3 & BFAE Aglstd CHOP %
d AEE T AZA HlwslAth BFA A2l Al MGI32 A
Al astrocyte M| Z A CHOP @l do] @A 3] F718< &<l
3t A th(Fig. 5A). BFA A g A astrocyte AlZ o)A CHOP T
Ao} I L7} C6 glioma Al E Bl 2 91| protea-
some T4 TAY F7lel 7]9ste AE 2AE T BFA
A Al F M EZA A proteasome F3 & AT A7 as-
trocyte M Z7} C6 glioma MEZ BT T =& &< Atk
(Fig. 5B).

I

Uk

a

B AP A= ER stress fr= =22 BFA7} primary as-
trocyte M Z 9} C6 glioma Al oA CHOP @94 2dA=
9o Apolgh Atolo] ARl thate] et gl

CHOP A 2 g2l Bl s As=2 TdHY,
ER stress FEl ol A= A @A o 2ol ofsto] FetA Ed
°f % " CHOP fxizte HAzHdE 4719 ER
stress-responsive transcriptional enhancer element’} ER
stress Aol A 24 3T}[16]. CHOP w0 & 24 34
of AAzZ #5k olY2 CHOP mRNA stabilityS %53+
24 g g U2 21]. B AFdA = AFAER astrocytest
C6 glioma®l A4 ¢] BFAS] ¢ CHOP ©¥4d 43 249 A
ol ettt A o] AojH & TE ER stress 5
£ 9 thapsigargin¥} tunicamycin®l 23} 4= CHOP T
A Aol 2 Bl & 7} |USUTHFig. 2). ©] AHd 2 BFA
of fr=¥E CHOP B Wd zdo] 7 AlEAe] Sol3
o @Aolth. CHOP ©¥jd @ 24| Ao]7k mRNA 23
24 719 HeAe U 23 mRNA 23 2dstas
T89S RT-PCR W o2 &4l 31 th(Fig. 4A). CHOP %
d 24 7)do A 24 8 AA & mRNA 43 22
Bk oobyzh gl g & 2o tid Ruk gH(7, 18].
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Fig. 5. MG132 enhanced BFA-induced CHOP expression in astrocyte cells. (A) Primary astrocyte cells and C6 glioma cells were
pretreated with 0.5 M MG132, and then added 2 yM BFA for 24 hr. The protein expression levels of CHOP and actin
were determined by Western blotting. The level of actin was used as a loading control. (B) Primary astrocyte cells and
C6 glioma cells were treated with 2 pM BFA or 0.5 uM MG132 for 24 hr. The cells were lysed, and proteasome activity
was measured as described in the Materials and Methods section.

Holl Yanfei 59 Hiel o8, # = fre] ALt
pancreatic B-cellsell 4] lipotoxicity & ©F713te] A|E AFE&
= oted 2 Y2 e Aabel ofste] ER stressE k]
3t7] W] tH[18]. Palmitate= CHOP &4 4 €] ubiquitina-
tion?} £ & 78t B3 ligased cIAPY] Hd #HAE F%
st HFZH o= CHOP 2 d e Bd 37hs Tt AZ
AEE FEFT18]. Astrocyte AlZEo| A ubiquitin-pro-
teasome A3 A1 MG1327} EA)3tol 4] BFA A& 4§
CHOP @4 d && o] dA3| F71 3kt (Fig. 5A). C6 glio-
ma A o A = MG132¢} BFAS] 54 2] A CHOP &2
o BE F7he 9 oy F7FE 0] astrocyte Al ol H]
sto] @A 3| Akt o] AMdE F Al ZALololl BFA AP Al
CHOP ¥ A o] &g F7}e| ko] M2 ubiquitin-proteasome
system® Apolo] 719l 9+& F5 & & Utk o] &< A
T Mol A< BFA Al Al proteasome &4 & FH ¢ A3
astrocytel oA o 2 A4S &2 st

H T ¢l A= CHOP ©* 4 ¢ ubiquitin-proteasome
24 714 A7 A3 Folv, 2 Fol A= CHOP o g
M= E3 ligase 4 A77F 223 +3 =1 9lch BFAC
o34 CHOP iAo @ Ao £o]&<l E3 ligased
T8 271 A7 H 28T AoE AAEn A e
A ol A ubiquitin-proteasome system®| FA A<l A&
3 ER stress ¥d A3l gud, 45 X84 ML A=
+ targeto 2 F87H5A0l =& ALE A4HET.
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=2 : Astrocyte MELQ} C6 glioma M=ZWHA ER stress ®E 22& brefeldin A0l 2§ CHOP

CHEEOl & X0

o . Het
AEHS L oohst Aejsta)

Brefeldin A (BFA)x Eupenicillium brefeldianum®| A &) ¢ lactoneZl € 9] @A A o|m ERIA Golgi® T2

o] /ALE AAB = 7150l Ath. mWeEtA BFAS M E A Al Golgi 715 oo} ERoA Bl de) £9 /%
Ho FAZ A5 ER 7% Aozt B =Y )8 AFA AEYA(ER stress)gt T ok B Aol A=
73 astrocyte M E 9} C6 glioma A o] 42 BEAX 2] w2} ER stress marker T2l CHOP & zfo] & 2l
3ttt BFA Al Al CHOP 2@ o] A4 astrocyte Al Z A C6 glioma Al Z o Hl3] A3 & BdL FQ
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