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ABSTRACT

We reported previously that glucagon decreased alpha- and pi-class glutathione S-transferases (GSTs) and
microsomal epoxide hydrolase (mEH) protein levels in primary cultured rat hepatocytes. The present study
examines the effects of protein kinase A (PKA) inhibitor, KT5720, on the glucagon-mediated decrease in
expression of GSTs and mEH. To assess cell viability, lactate dehydrogenase release and MTT activity were
examined in hepatocytes treated KT5720. Cell viability was significantly decreased in a concentration-
dependent manner after incubation with KT5720 at the concentrations of 1 uM or above for 24 h, which was
inhibited by the cytochrome P450 inhibitor SKF-525A. In contrast, another PKA inhibitor H89 (up to 25 uM)
was not toxic to hepatocytes. The glucagon-mediated decrease in expression of alpha- and pi-class GSTs and
mEH was completely inhibited by 25 uM H89 and attenuated by 0.1 pM KT5720. This study demonstrates that
KT5720 may cause cytotoxicity in rat hepatocytes through cytochrome P450-dependent bioactivation. The
present study implicates PKA in mediating the inhibitory effect of glucagon on expression of alpha- and pi-
class GSTs and mEH.
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v} (Baynes and Thorpe, 1999; West, 2000). =3
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k31 9Je} (Neuschwander-Tetri and Caldwell, 2003).

AetA AEd A= AMELAE-A (oxidant and pro-
oxidant)®} 3FAks} E-Z (antioxidant)e] H3jo] X
o] A3} ukgo] Mgl A ow 3
&£AE g £ de AdE A= (Sies,
1985). A 2] pAabst AAE AEAre] kst &
A3 s was FAHH Ao Pas 24
% mat Y5den AsA xsdsdl W
o} (Yu, 1994). £3), glutathione (GSH)$} GSHE 7)
A2 A4-3}= GSH S-transferase (GST) 2 GSH
peroxidase/reductase 5~ A AkA~Z (reactive oxy-
gen species)?} FAHALA B3 (electrophile) S -5
A wak ofe) Akt whiA, vitamin C¢} E
o AN o=zn AW Fakst A FASE
& FA 3} (Meister, 1994). Microsomal epoxide
hydrolase (mEH) 9] epoxide 5 4F2-Ao] 733t
EAo)| BRAE trans-additionAlZ] o =2 4] sFALE}
285 g 34 o3 Ad (genetic polymor-
phism) 723 GST¢} mEH®| SAW3r} o
oFst of ¥ A Agte] A& #Ae] e A
o2 B 73tg v (To-Figueras et al., 2001; Sonzogni
et al., 2002).

uge desEe dusss JUad A4
Bt ofdet AAEAL] AL JA] HAIIH.
Cytochrome P450 (CYP) 2B1, 2E1, 3A 18] 1L 4A 9]
24 9 ua Fepel Fueld Zsbse] v
CYP2C9} mEHY: Zt48h (Kim er al., 2004a). 3
% AefolA phase Il HF-& wi/fsles &4 &
UDP-glucuronosyliransferase 1A12 Z27}sl  sul-
fotransferase 2A1-2 7430} (Kim er al., 2004b).
L Q14 (insulin)®] ¥ =& ubgAde] 7t
29} A 25771 (glucagon) § HFE 3229
Wyl Fukee dxplek AE A E APA
2} dleHe] el alpha-class GST (Kim et al.,
2003a, 2006a), mEH (Kim et al., 2003b) ¥ GSH &}
A =44 dAE FvsE gamma-glu-
tamylcysteine ligase (Kim er al., 2004b)&] 23§
ZF7H7IH Sf7ke i 24718 THRE
Aoz ®uEge) oake] APANE G
AR AEA 2EH AL AP EEL Fot
b ope} kst &9 Frael o] YSE
A)Agket.

F327}-2 adenylate cyclase S ZAJFIA|A A=
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oAl cyclic AMPS] MAE ZIMAIFIH Z7HH
cyclic AMPE <&’ AZALAAE A8l
protein kinase A (PKA)E #A43 A|Z1o} (Kimball
et al., 2004). wpekA d R FFIE A
cyclic AMPE 71 #-8t PKAS] &Ad3lol| 7]13h
H89s} KT5720-2 PKAS] A% $l3) 71 3
et AH4E T slek F AAAE m Azss)
e JHAY &4 A AgeA 50~60nM2)
inhibition constant Zt& 7FA&= Zo= ¥ 3Tt}
(Chijiwa et al., 1990; Gadbois et al., 1992). A £ wj
FAHAM PKAE s8] dAlstr] $13] H89+
F2 25uM KT57202 SuMe] F= ARa-3o}

B dFME daplek AE ZH2E ol 83}
of ¥ PKA A4S AZ 43 FFsbed o
& akshaae) 4R ol nlAE e A
shedet.

1. AJet

Modified Chee’s medium3} L-glutamine-2
Invitrogen (Carlsbad, CA)ol|A] Q1432 Insulin
(Novolin R)-2- Novo Nordisk Pharmaceuticals Inc.
(Princeton, NDellA] F413}g el Collagenase (type
)2 Worthington Biochemicals (Freehold, NJ)of| A
vitrogen (95~98% type 1 collagen, 2~5% type 111
collagen)2 Cohesion Technologies Inc. (Palo Alto,
CAYll A Fl8lgde}. Class-specific GST &4 9
mEH 35 AP A7l olw] Bud A& AH4
3k (Kim et al., 2003a, b). H89#2} KT5720-
Calbiochem (La Jolla, CA)ollA] Glucagon®} 7]&}
Alek-& Sigma-Aldrich (St. Louis, MO)el|A] %13}
A=t

2. HE ZiM|Ee| Ha| % sy

Z¥AM| 3£ (hepatocytes)y -4 Sprague-Dawley =
E (200~300 g)ol| A collagenaseE 73l Hzl
3o} (Kim et al., 2005). 7P 22 60 mm 8 SF A}
o 3x10%cellsz 7}slx 1 uMe] <l&=leo] Arte
vz A 4A]ZE Fb wiokste] A 2E vl FA Al
of A el g wiR=E 23] MAs}
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o S Ak QEdE iR 212 3
et KA F AAAIY FEIREE A= st
A% ATE 5ol He A e
tq )} 24x)7} =l wjefel-& wA)sledw). Glucagon
o BFEFeel wod WAl nBsgon o
Xﬂxﬂt DMSOe] ¢ —20°CellA] B.F3}F o
MY 2% HY 2L w7t BRY 1000M
< Addsielon PKA JAAI= 778 A
8}7] 1.54]7F A, SKF-525A+= KT5720% &35}
71 30% Aol iAol Hrhsteieh
Mz A=E Fqlslr] 98] MTT assay$} LDH
Sopahslet A9
279 ZHe 10002 3Asl Bz

(lactate dehydrogenase) assay-S-
= A=
A3

3. Immunoblot analysis

A% AT wud el SAAs Ade
£330 3T} (Kim et al., 2005). M ZE 3mL9] 4°C
phosphate-buffered saline (pH 7.4) 0.2 A3 =
50 mM HEPES (pH 7.2), 150 mM NaCl, 1.5 mM
MgCl,, I mM EGTA, 10% glycerol, 1% Triton X-100,
10 mM sodium pyrophosphate, 1 mM MnCl, 1 mM
sodium orthovanadate, leupeptin (10 pg/mL), apro-
tonin (10 pg/mL)3} 2 mM phenylmethylsulfonyl
fluoride® FA % lysis buffer® Ar}slgdch M=
E Fo] 1.5mL¥] Eppendorf tubese)] =& % 25-
gauge needled 7]$ FA|2 53 EFHA|Z A
BE 3087 3ol vk sl 16,000 goll A} 208
7+ LA ASdE dvk el =
whz]l #+ak-& bicinchoninic acid protein assay (Sigma-
Aldrich) 2 2813 A8 A3t .

Immunoblot analysisZ $]3] 5 (alpha-class GST),
15 (mEH) =¥ 30 (pi-class GST) uge] =iA-&
loading bufferel] #XAjZ] % sodium dodecyl sul-
fate-polyacrylamide gelel|A] 7] dE38}31 nitrocel-
lulose membrane (Bio-Rad, Inc., Hercules, CA)E. o]
= X7} Al o) A ghE nitrocellulose membrane
4 2417} %4t 5% milk powderZ 343} phos-
phate-buffered saline (pH 7.4)o| A ¥F-g-A]7]| 31 Zbz}
2] Yzt FAE 7Fe F AF2elA 16417 Ft b
<A A5 dxb A7 2%E nitrocellulose mem-
brane2 3A]7F F4t horseradish peroxidase Z 3]
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o] 9)& olx} &} el uk-2-A]7|31 enhanced chemi-
luminescence A]2f3} Kodak X-OMAT film (Sigma-
Aldrich)& o] &3t ThiAS AZ3e). HEd
w8 A2F8}7] Molecular Dynamics scanning
laser densitometer®} ImageQuant analysis program
(Amersham Biosciences, Inc.)& A}-8-3}51 0}

4. GSH H&

MES) GSH §e o) 239 P Aash
A} (Kim et al., 2006b). Al £E 6% perchloric acid

oAlAl o] 1.5mL tubesl] 2 ow AlEe]|3}] A
Y& AR=2 AMEstg ok Asel phosphate &
Z (phosphate 0.125 M, EDTA 6.3 mM, pH 7.5)&
AHgsted GSH =71 2% A 3x w9l
Ex= 3143199} Eppendorf tubesel] 0.3 mM
NADPH £ 0.7 mL, 6 mM DTNB (3, 5-dithio-bis-
(2-nitrobenzoic acid)) 2<% 0.1 mL, 74 =* GSH
ZFN 02mLe vlsle] & HE F A26r 4 2
7t wpA) st whg-olel] 20 units/mL =2 GSH
reductaseE 7}3l 2+ AL £ 412nmel| A of 2%
2t E4 =] W3lE &3l linear § 187k9] 7]
27] Mg FIln APHozRE| GSH 9 3=
& A4kt Aol AF4-3F H899) KT5720-2 in
vitro 276 A 1 mM H=7}2] GSHE| &A] o] $-2
]l Wzhg w24 & sk

A

(3]

i

. &A1

AT Abele] A=A Apol:= Student’s t-test =
+ analysis of variance¥ Newman-Keuls multiple
comparison test (p<0.05)2 ZJA}3lge. APA =}
o) B 2~431¢] A Z R2B Fited FHa
ek 25 AN JFE2EURE A
At

2 3

1. H89%} KT57200| M| M= n|x|l= A&
Az} wief HE | E A A A H89L KT

57200] H|Z EAle] uw)z= J3F& MTT assay 9}

LDH assay& o]&-3lo] Al slglch (Fig. 1). HR9O:=
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Fig. 1. Effect of KT5720 on viability of primary cultured
rat hepatocyte cultured in the absence of glucagon
(A) or in the presence of glucagon (B). After the 4-h
plating period in the presence of 1 uM insulin,
medium was replaced with insulin-free medium.
Hepatocytes were then treated with KT5720 or H§9
for 1.5 h before addition of 100 nM glucagon, and
these treatments were repeated every 24 h for 3
days. Values are shown as a percentage of the level
monitored in control hepatocytes. Data are means =+
S.D. with three preparations of cell lysates.
* **Significantly different than levels monitored in
control hepatocytes.

25uM F=ellA ST {79} FRsHA MTT
2] Al (Fig. )3} LDHS] 2] (data not shown)e]
W3lg $EskA] £ stk o] Z3H= H97L 7hA|
oM FAle] v EAYE AlAbEH. KT5720-2
0.1 uM7}2] MTTEA 2w #]¢] LDH Ao
2 A 2 siglont 1uM FxdA od o
ool <F 30%] MTT ZA47tAE fusislem
vjz]ell 4] LDH®] A& Azl ulsled of
50% Z7}A Ak (Fig. 1A). KT5720%= 5uMel|lA] <}

KT5720 (um)

Fi

g. 2. Effect of the cytochrome P450 inhibitor SKF-525A
on the KT5720-induced cytotoxicity in primary
cultured rat hepatocytes. After the 4-h plating period
in the presence of 1 UM insulin, medium was
replaced with insulin-free medium. Hepatocytes
were then treated with SKF-525A (10 uM) for 0.5 h
before addition of KT5720 for 24 h. Values are
shown as a percentage of the level monitored in
control hepatocytes. Data are means+S.D. with
three preparations of cell lysates. Values with
different letters are significantly different from each
other, P<0.05.

40%S) MTTEA 7+x9} 70%¢] wix] LDHZA
718 z#3te EoEAd BAE fdsldd
(Fig. 1A). KT57208] E4-& Aj77 3ol wie} 27}
sted 3 Aol 1 UM 5SuMofA] MTTEA of
Zp7} A 22 26%2}F 16% 2 FH4astod ) (Fig.
1A). A2 7]%5-& F7187] 8l 2442 <
KT57200] A2} HlZo|H GSHe| ¥x2 243}
Aot 2L A GSHY ¥ 33.2+2.1
nmol/mge]g} & KT5720¢] %=~} 0.01,0.1, 13}
S5uM=E Z7}3tel| wiel GSH &3 34.2+1.9,
33.2+1.7,30.2+0.85% 27.2+2.3 nmol/mge. 2 7}
A3tk opebd] KT57200) S xo&H oz A%
®] GSH 3=% Z4AZE s 39k
I A KT5720& wioksli Mz 5A4E A3
%o} (Fig. 1B). ¥ijA)ol] 100 nMe] FF7kZe] A7}
HPE o 24X <t SpM=E A2E KT57202
dxplF HE M XM FAE {25 £ 3§
Aot 2t KT57209 i oFAlzbe] Z7)3te) ulel
MTT &4 ¢] 227} 3= o =3k 9] #] 2] LDH
B4 A KT57208 A=sla 298 f23e
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Fig. 3. Immunoblot analysis of the effect of the protein kinase A inhibitor KT5720 on the glucagon-mediated decreases in

GSTA1/2 (A), GSTA3/5 (B), GSTP1(C) and mEH (D) protein levels in primary cultured rat hepatocytes. After the 4-
h plating period in the presence of 1 uM insulin, medium was replaced with insulin-free medium. Hepatocytes were
then treated with KT5720 for 1.5 h before addition of 100 nM glucagon, and these treatments were repeated every 24
h for 3 days. Values are shown as a percentage of the level monitored in untreated hepatocytes (UT). Data are means
+8.D. of immunoblot band densities of four preparations of cell lysates. #,## Significantly different than levels
monitored in UT, P<0.05 or P<0.01, respectively. *,**Significantly different than levels monitored in hepatocytes
treated with glucagon only, P<<0.05 or P<0.01, respectively.

2. 2751905} (data not shown). o] R Wixle]  KTS57208) HAdel WiAl@A 7} Fedshs 7He o
2esleel ArkEdde W pyHo=m KT57208  <18h7) $18) lwmel CYP A4l SKF-525A%
SAo] AP E AR A ST KT57208) S4¢ Bashsic) (Fig. 2).

AT O Azol vlsle) gl B o) SKF-525A7F AW MZeNA 10uM KT5720&
@ Aol ¥ BAE AT Aok wek ok 28%S] MTT &4 7Hash 35%2] wlx] LDH %
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Fig. 4. Immunoblot analysis of the effect of the protein kinase A inhibitor H89 on the glucagon-mediated decreases in
GSTA1/2(A), GSTA3/5(B), GSTPI (C) and mEH (D) protein levels in primary cultured rat hepatocytes. After the 4-
h plating period in the presence of 1 uM insulin, medium was replaced with insulin-free medium. Hepatocytes were
then treated with 25 uM H89 for 1.5 h before addition of 100 nM glucagon, and these treatments were repeated every
24 h for 3 days. Values are shown as a percentage of the level monitored in untreated hepatocytes (UT). Data are
means £ 5.D. of immunoblot band densities of four preparations of cell lysates. ## Significantly different than levels
monitored in UT, P<0.05 or P< (.01, respectively. **Significantly different than levels monitored in hepatocytes

treated with glucagon only, P<0.01.

742 gabslgdel (Fig. 2). vbd 5 uMe] KT57200)
o8] 4%l M E B4 SKF-525A¢ 2j& <44
3HA] 2ldE $iet (Fig. 2). o] A@ZA = KT57209]
s wiEE MESAC] dAMEAI e} TFH e
e 7P S AR vebd] & Ade 2 E
o} 7ol oFEjAIA o] F2 AMlEo] glelA
KT57209] A}&-2 2971 P32 Aqksic)

2. KT57202} H897} 277120l 2|8t &ihs}
gao Wi Zt4o ojxs He
Az} wiek YPE T Z AFANN FF729
#|2]¥ alpha-class GST, pi-class GST 2 mEH¥]
T WS AAlske Aoz BuHE Y (Kim
et al., 2003a,b). & AFA PKALY JAA <l
KT57203} H897} 2F7l 2|84 sAlstase)
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LR Aol wX)x J3FE A s} (Figs. 3 and
4). 100nM=z 28]¥ ZF272 alpha-class GST,
pi-class GST 3 mEH®] whild wlgs oA s}
olA AFAANE FHelatgdrl (Fig. 3). ME A=)
oJ3Fo] 9l =x4] 105} 100 nM& KT57208 A
Al F FFIR st Wiste)) mAe odeke
FAsigicl. 10nME A2l" KT57208 FF7
o 9jgk GSTA1/2¢] Zhae] f-2]3Ql Wsts
A & 3ot 100 nMellA BEAH Q] FFIE
AA &7 HAE e (Fig. 3A). 3 FF7|_2
o]& GSTA3/5, GSTPL @ mEH®] 7}4 100 M
o] KT57208] AAele] ofa] <fshe o} (Fig. 3B,
Cand D). ¢]4}9] 97234 FF7R 91?‘4 d
B gt mae) 2 P4yt PKAE 748l
WAE 7sAS AlAREE 2 A}%ﬁ& KT5720
9] =7} PKAS AL A3] AA8A] £ 3}
of FFIRES g oFAIFE FPsAlel R
PKA7} 257FZe] €3t alpha-class GST, pi-class
GST % mEHS] ZFAE wifslg=rts 3aldiy)
A8l H89E Ax st (Fig 4). 257712l ¢
3} alpha-class GST (Fig. 4A, B)¢} mEH (Fig. 4D)<]
Ay 25 uM H89ell oJs 48] AAF%T =
3 HR9= =F7)oll 2)3} pi-class GSTS] ZAE
HABA AFA T olAF AL FFINZe|
2%} alpha-class GST, pi-class GST ! mEH2] &
3 zhar} PKASY o3 w7l = 9l g-& AAFE.

a7

i

1 &

B AFATR= 4 ek e Az AR A
A 37122 x=7} alpha-class GST, pi-class
GST % mEH®] 23S 714A7]1 PKAS] o)A
ql H89¢} KT57200] FF7129] <d3ks o4 =
= ofshlle naldh w3 KTS720& ohgaiae
Aol =2 R EAA 1 uMEE SAE Hiks)n
CYP AlA| el SKF-525A¢2] A2]% KT57209]] 2]
g 5oz ZHEE Redge & A7
B2 A EANA KT57208) M E25AS e A
B o},

A sEesr wn WAAN 2745
Tx FHFY FLF dder RIHy Yt 7
Lol ks e BAA7)AS 3] 9
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& Qe gy A B2 44 F7h)
Mol Rpold ook A2 B ATAR e
oA Z=7}8l= ketone body = acetoacetae”}
Hlioﬂ*i TEoEH oz GSHY 4 ¥l 84

AZ22 Z718 #4388 ¥ 138} v} (Abdelmegeed
et al., 2004). 2=} ARSE AEFHAE AR B
Qe zrhmt ofieh sk B4l Had o)
A= dAY s (Sies, 1985). )l e A= FF
Fh2} w2 alpha-class GST$} mEH®] @3 7}
2 3 GSHO| 4 #42E FEskdw (Kim e al,
2003a,b and 2004b). o]Are] AFAIE= vt 3R}
AAAN HFEHE AR AEH A0 Fle Al
5} mae) 2R gavh Bl AP E AR,
ez guel PHEe Al A P
3 mae) YRE PASHIY 4 s SHEe
Mg Apsqel A 27449 A7} Bede A
ke,

H899} KT5720& =% PKAY] <iA|& 93 7}
A mE) ALeEE 3EH AR A EZFERA
& 7}*]™ 50~60nME] inhibition constant 3t-& 7}
Ze} (Chijiwa et al., 1990; Gadbois et al., 1992). H)
A=A el protein kinase %]Xﬂlﬂ gl staurosporine2)
S-24)q] KT57202 PKAo| =2 ML 7lAo
Az ek A 1~5uM =2 At4dd
(Kase et al., 1987, Wang et al., 2006). i‘—?« 73 A
I KT57202) AlzE5A43 #A" =5 FU4T
4 9dslem PKAS 5 AAAIQ H897]— 25 uM
A E4E fEeA gt e 7T o
KT5709] 542 PKAS] ofn| sk P23t 2
o= s o] QAT KT57209) A
549 R FH] 92 M 97
7} B33S A|AETEL %7}5131 staurosporine-2-
A173 74| 3£ (neuronal glial cell)el| A caspase®] EHA
35 %3 apoptosisE FEIHE Aoz HIEg]
©}(Shih et al., 2003; MacCormac et al., 2004).

AgHos ¥ A7E syl BAHE A
3 ~EY 2 PKAT AR F57R0 9
& sk med) W4 Bavh BT APeAle
AlAbeke}. =3 PKA GA1A] Q] KT5720-2 o &AL
Do) we BAZNN FHE ST Feby
o] oA ALgel QoA Felrb Baghe At
e,

@dﬁm
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