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The Effect of Epidermal Growth Factor on Cell Proliferation and
Its Related Signal Pathways in Pig Hepatocytes
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It has been reported that liver is a very important organ to xenotransplantation. Pig is known to be a most suitable
species in transplantation of human organs. However, the physiological function of pig hepatocytes is not clear elucidated.
Epidermal growth factor (EGF) is known to be a mitogen in various cell systems. Thus, we examined the effect of EGF
on cell proliferation and its related signal cascades in primary cultured pig hepatocytes. EGF stimulates cell proliferation
in a dose (> 1 ng/ml) dependent manner. EGF-induced increase of [’H]-thymidine incorporation was blocked by AG
1478 (107° M, an EGF receptor antagonist) genistein and herbymycin A (tyrosine kinase inhibitors, 10 M), suggesting
the role of activation and tyrosine phosphorylation of EGF receptor. In addition, EGF-induced increase of [*H]-thymidine
incorporation was prevented by neomycin (10~ M), U73122 (10> M) (phospholipase C [PLC] inhibitors), staurosporine
(10™® M), or bisindolylmaleimide I (10™® M) (protein kinase C [PKC] inhibitors), suggesting the role of PLC and PKC.
Moreover, EGF-induced increase of [’H]-thymidine incorporation was blocked by PD 98059 (a p44/42 mitogen activated
protein kinase [MAPK] inhibitor), SB 203580 (a p38 MAPK inhibitor), and SP 600125 (a JNK inhibitor). EGF increased
the translocation of PKC from cytosol to membrane fraction and activated p42/44 MAPK, p38 MAPK and INK. In
conclusion, EGF stimulates cell proliferation via PKC and MAPK in cultured pig hepatocytes.
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FTLAE ZEH S (Lietal, 2005).
o4 ol glolA AT gl gt
Mo o] f5 1 9T} (Fausto & Riehle, 2005). ]2
TAEL] RN E T AEAGAREC] T3 AL
2 RIH3 v} Michalopoulos, 1990). {HA| E|A] Insulin
like growth factors (IGFs) 2 hepatocyte growth factor (HGF)7}
A EAAL Z7) A7 BRasRT (Kimura & Ogihara,
1997b; 1998). EGF HA] ZHA 29 7]%5e 4L wA= A
o2 Bas 3 9lt} (Kong et al, 2000; Tsai et al., 2001). EGF
t FE&A 2t} oJFIE F =3t tyrosine kinase
71ell A7I1AE7E o] EGF -84 B§Ae] 4& op]
gtod MET)Fol Hofhe AR i AT (Yarden &
Sclessinger, 1987), =]} ThMELel A EGFS] AE473E W
Z3 AZ7|5l = o] Folx| L Y] &1 Yot
dubq o7 Ao i A ade e Asdes
7t Holgic}. o]E F protein kinase C (PKC)E phospholipase
C (PLC)9] PIP, ¥3loll 23 DAG EAell <3 243} =
AEG7 5o thdd AEY g Foll FA3te HoR
47 v} (Musashi et al., 2001). Mitogen activated protein
kinases (MAPKs):= 4¥HE] © 2 pd44/42 MAPK, p38 MAPK &
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SAPK/INK O.2 FRo] Tjm AMxe] AR 2@ ~EfA %9
ThFet wbgoll #ojdhs Ao BuHar gl (Bogatcheva
et al, 2003). ©]2|¥ HIEL PKC % MAPKS] B4d0] EGF
o o5 ZHE Aol A AR 28T 5 98
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Dulbecco's Modified Eagle's Medium (D-MEM)/Ham's nutrient
mixture F-12 (D-MEM/F-12)9} Class IV collagenase:= Life
Technologies (Grand Isiand, NY, USA)Z %8 TY3st9t} D-
glucose, staurosporine, H-7, PD 98059+ Sigma Chemical Com-
pany (St. Louis, MO, USA)Z& #4831t} Bisindolylma-
leimide I, SB 203580 2 SP 600125% Calbiochem (La Jolla,
CA, USA)el A F+438tich 1 & A3 o]8% BE Ao
E& nEA Ak AT

2. Hepatocyte®| ZCf ik

TAEE 2~3 kg HAE o888t 33Uk Li F
(2005)°l 2] EFH F DA collagenase TF HPHo| o]
%Qg}u}. rdd] 7]1=3H9 isoflurane/02 VHHE AT F
EASAE ugt AEE A o]f Fule] ofRE
<4 ;h‘f& % cathetherZ A% ¥ 30 mM HEPEs7} &9
e Mg?'/Ca? o] gl Hanks buffer® 37ColA < 108
ot BF AlFHT o€ 0.05% type I collagenase”t U+ Eagles
Hxz 2@ o) F Fald 7HE petr disholl F

Glisson 32 W71t} A5 5x10° AEY AT wjF
ARG AE ] PEEL trypan blue exclusion WH-ES o]-R3}
AEEC] 90%7t HE A-Follnt Aol A
aigich Agel AR HAEL HPEEAIAM AEEHA
a T AR 3L 2312°C, FUERE 5110%
= %Zlaaiz, AFEE (12417 AT, 1247 AF)3kelA
Atge}t FAFE AHRe] Fofsilnh 2E
Ag2 *‘]%Eﬂa_’ AP FEATA YA sEAEREHY
#] (Institutional Animal Care and Use Committee, IACUC)2] &
B2 FF2AUAZ A (Standard Operation Procedures [SOP])
| wEt AT

2

3. [®H]~thymidine incorporation

YA EE 0] 50~60% A3743Fe] subconflentE: 34J &}
3549t} PH]-thymidine incorporation -3
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Brett 5 (1993)° 9] 71&d 2 A8 AlEEd 1
nCi® [PHl-thymidinee Fo] & 4A17F 3o ABE A3}
of 8AIZE Bk A7) F Aol ARSIt MIEE-S phosp-
hate buffered saline (PBS)Z 2% A& & & 10% trichloroacetic
acid (TCA)NA] 15E3F G AR ©o]F 5% TCAE 587
29 AAHE ST Ao B84 BES Hd2o4 2N
NaOHE *]2]3}4] Liguid scintillation counting®l] £]5}o] b
A S SAsY Agdnts R %2 BASST

4. Western immunoblotting

Bl & AAG LS PBSE 2HA A T, 7}
150 pl) lysis buffer (10X PBS, 1% NP-40, 20% SDS, 0.5 M
EDTA, 0.01 M PMSEF, 10 mg/ml Leupeptin, 1 mg/ml pepstatin A)
£ Astd gAsE AHh 7AsE AEE tubeoll 3
F, 15,000 rpmoliA 1083 A4 Eelstd 4S5dS 2L
tubedll 47515}, Bradford ©HE A8 o] &5lo] 717}
60 ug®l sampleSS 8% SDS-PAGE #7)9%& Al %,
polyvinylidine difluoride membrane®l] transfer3}$it}. Membrane
2 5% skim milkell 1AIZF B ATHE AR, Z42Fe] A
(CDK-2, CDK-4, p27 kip1, p21 WAF1/Cipl, p44/42 MAPK, p38
MAPK, pJNK)Z 1% skim milkell 1,00080 2]4a}ed 4ol A
18A17F o] edsisiel 2 ¥, membraneS 0.1% Tween-20/
1X TBSol| 108 7+A o2 3 AH3915L, membranes 1%
skim milkel] 5,0008] 341 horseradish-peroxidase labeled 2
2} ?‘ﬂiﬂo{] IARE et wiFst ¥, 398 AlEE ARA ECL

Aleks 127 A7) oS Xeray Y20 30270 =&4A &

ey

5. SAAE

AEAF ] SAAE Student's t test H Analysis of
Variance (ANOVA)E &1 01 P 3k <0055 23k x}o)9)
Az SR, AHEH] AL means + SER 3T

2 I

. EGF7t ZH 2

1 g Y MZYY =F SHEY AR
1

rir

fol

EGF7} M2 A 247 mA= 538 gotrr] 9
3l EGFE 5 =H & (0~1,000 ng/ml) X3t & thymidine
incoporation & AAISHATE AEZET 0.1 ngmlol A=
Az frolAd e Aele ARHA F3kert 1o ng/ml ©)
gl Fod e F7F Aol A HA e olzdt 2

2 100 ng/mloll A 714 & &35 B3 (Fig 1). o2
EGF7} M E2A4 24 aid s oust #dHo| lexE
western immunoblottingS AA[5te] LolE QCE Figure 20114
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Fig. 1. Dose response curve of EGF on cell proliferation. Pig
hepatocytes were incubated with different dosage of EGF (0 to
10°° g/ml). Values are means £ S.E. of 9 separate experiments per-
formed on 3 different cultures. *P<0.05 vs. control.

5
8
° =
5 o)
Q ul
CDK-2
. -— CDK-4
-— p27
- p21

Fig. 2. Effects of EGF on CDK-2, CDK-4, p27 kipl, and p21
WAF1/Cipl. Pig hepatocytes were incubated with EGF (100 ng/
ml) for 8 hr. CDK-2, CDK-4, p27, and p21 were detected as de-
scribed in "Materials and Methods".

BolSo] 100 ng/ml2} EGFE 2|3 A7} CDK-2 E CDK4
o] wr¥e Z7} Al ek, p27 Kipl 2 p2lWAF1/Cipl o] &
e 7 A7le Ao JElgT (Fig 2).

2. EGFO Slgt MZE 0 UAAHM PKC H MAPK 2

ol A

EGFol 98 ALY aar) 584 S)HAAE Yol
B7] 93t EGF 584 2gA|2 AG1478 (10° M)S EGF
22 302 ol 2|3tk A8 d3} EGFol 23 AEAZF
e AEEo g agEE Ao R vEldTh (Fig 3). ok
2, ol NIALARE Bt AL EAE Yolry)
8ked tyrosine kinase <A A)S] genistein (107 M) = herby-
mycin A (107 M)E EGF X&) 30% ol A2]3l3ith Figure
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Fig. 3. Effect of AG1478, herbimycin A and genistein on EGF-
induced cell proliferation. Pig hepatocytes were mcubated with
AG1478 (10 6 M), hetbimycin (10 M) and genistein (10 M) for
30 min prior to the treatment of EGF (100ng/ml) for 8 hr. Values
are means = S.E. of 9 separate experiments performed on 3 di-
fferent cultures. *P<0.05 vs. control, ¥*P<0.05 vs. EGF alone.
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Fig. 4. Effects of PLC and PKC inhibitors on EGF-induced cell
proliferation. Pig hepatocytes were incubated with neomycm (107
M), U73122 (10° M, PLC 1nh1b1tors) sturosporine (1077 M), and
bisindolylmaleimide 1 (107 M) for 30 min prior to the treatment
of EGF (100 ng/ml) for 8 hr. Values are means £ S.E. of 9 separate
experiments performed on 3 different cultures. *P<0.05 vs. control,
**P<0.05 vs. EGF alone.

30| A H.0]520] genistein B herbymycin A= EGFol] &gt A
93 g8 Auxos Aursgith (Fig 3). EGFol 9] &
MEJAo] PLOPKC 29 FHoleh=r|g Lol 7] s}
PLC AAER] neomycin Z U73122 % PKC GAAEL
staurosporine % bisindolylmaleimide & *E]5}e] At 4
o} EGFOll 93 AFEAY ave dude Adss Ao
2 YelWt (Fig. 4). AAE EGF &) Al AEZo) AL
wto 29l PKCY o] EL E 4 YAt (Fig. 5). MAPKS}E]
HAAYE dolugieth EGFe o3 AT &4 282 PD
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Fig. 5. Effect of EGF on PKC activation. Pig hepatocytes were
treated with EGF (100 ng/ml) for 8 hr. Then, cytosolic and particu-
late fraction was separated as described in "Materials and Methods".
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Fig. 6. Effects of MAPKSs inhibitors on EGF-induced cell proli-
feration. Pig hepatocytes were premcubated with SB 203580, PD
98059, and SP 600125 (10™° M) for 30 min prior to the treatment
of EGF (100 ng/ml) for 8 hr. Values are means £ S.E. of 9 separate
experiments performed on 3 different cultures. *P<0.05 vs. control,
**P<0.05 vs. EGF alone.

98059 (p44/42 MAPK < AA]), SB 203580 (p38 MAPK A
A 2 SP 600125 (INK/SAPK. 21 A|A)y X2l A xhgsl= A
o & vehdtl (Fig. 6). A1 02 MAPKsY] 448 =438}
o B A3} EGF 22 A] p44/42 MAPK, p38 MAPK % JNK
A BF sEOA Frishes Ao yelgen ofF Hzp

Ao 2 VEPST (Fig. 7).
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moto, et al., 2005; Oosthuizen & Lambrechts, 2004). = I-+2
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Fig. 7. Effects of EGF on MAPKs activation. Pig hepatocytes
were treated with EGF (100 ng/ml) for different time (0 to 120
min). Then, phosphorylated p38, INK, p44/42 MAPKs were de-
tected as described in "Materials and Methods".
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Aol F83) HES 3= Ao BAE AT} (Thevananther
et al, 2004; Awad et al., 2000). & AFNAE To|EFAE
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