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Studies on Intracellular Regulatory Proteins of
Pancreatic Exoerine Secretion

Ku Yong Chung*, Jae Won Choi, Hong Soon Choi and Kyung Hwan Kim

Department of Pharmacology, Yonsei University College of Medicine, Seoul 120-752, Korea
*Department of Surgery, College of Medicine Ewha Womans University, Seoul 110-126, Korea

CCK and cholinergic agonist stimulate enzyme release from the pancreatic acini via G-
protein-mediated activation of phospholipase C. In contrast secretin and related peptides in-
crease the level of cAMP and activate cAMP-dependent protein kinase. Camostat, a
synthetic protease inhibitor, causes pancreatic hypertrophy and hyperplasia by increasing the
CCK release. In this study, the secretagogue-induced changes of intracellular proteins were
examined in the dispersed pancreatic acini of rats with or without camostat treatment.
Camostat(FOY-305, 200 mg/kg, p.o.) was given for 4 days twice daily and the dispersed ac-
ini were prepared at 12 hours after last treatment. The profiles of intracellular phosphopro-
teins were analyzed by two-dimensional gel electrophoresis after incubating the acini with
%P, The amylase release from the dispersed acini was measured. The pancreatic weight was
increased to 126% of control, while amylase activity per mg acinar protein decreased to 41
% of control. The maximum response of amylase release from dispersed acini to CCK-8 or
carbachol was markedly decreased(65% or 46% of control, respectively). The group of in-
tracellular proteins(24 kD, pl 4.5~8.5) was increased In quantity by camostat. CCK-8 or se-
cretin increased phosphorylation of a protein(34 kD, pl 4.7) in camostat-treated as well as
control rats. CCK-8 increased tyrosine phosphorylation in the acini of control rats. However,
In camostat-treated rats, the basal level of tyrosine phosphorylation was increased and it
was rather decreased by CCK-8. Secretin had no effect on the level of tyrosine
phosphorylation in acini. These results indicate that both phospholipase C and adenylate
cyclase induce phosphorylation of an intracellular acinar protein(34kD, pl 4.7) and
camostat treatment increases the basal level of tyrosine phosphorylation in acinar cells. And
these results suggest that not only serine/threonine protein kinase but also protein tyrosine
kinase/phosphatase are invoclved in the process of CCK receptor mediated stimulation-secre-
tion coupling.

Key Words: Camostat, CCK-8, Phosphorylation, Tyrosine phosphorylation
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A £

o]z HEME CCK &A= G-S A4
8ta] adenylate cyclase$} phospholipase CE &
AEAA 242k MEW Al 278 EZ] cAMP
¢} inositol-1,4,5-triphosphate(IP;), diacylglycerol
(DAG)E AAFY. ¢-AMP+ protein kinase A
(PKA)E, IP;, calcium % DAGE Ca't.acti-
vated calmodulin-dependent protein kinase(CaM
protein kinase)$} protein kinase C(PKC)E& &
Azl Azidh giREe] AEU A2A8 Bde
protein kinase W= phosphataseE 4317
24 @ s JeE 2AsE Aoz ¢
7 th(Cohen, 1985). o]z} MEAME e v}k
3} protein kinase HA] A XU 2= el Qlak
3} #AFo Boddn grh(Hootman 2 Williams,
1987). #49) A5 E-d) o5t Qa7 F7he
= AEZAEW @ o zA= ribosomal S6 tHi
2 56 kinaser} lom, o]E wulo]l QlAs=
CCK, carbachol, secretin, VIP %= insulindl] ¢
gle] #4355 thekdl protein kinasedl] 2]&he]
ZFR0l ¢d8dAx Yti(Burnham 2 Williams,
1982; Freedman % Jamieson, 1982; Sung %
Williams, 1990; Vandermeer%, 1984). ]2
95~100kD¢] elongation factor 2(Nairn %@ Pal-
frey, 1987), 56 kD9] Gc P¥ (vitamin D A%
&) (Wootens, 1985), myosin light chain
(Burnham%-, 1988), CCK &) (Klueppelberg
%, 1991), CTP: phosphocholine cytidyl trans-
ferase(Groblewski%s 1992)% o] BB R-ZE 2o
olate] QI4ks7l FUkgol MaE o] Q).

CCKol) 93l #8435 == 25 #E A A
3 2o dF= F=2 PKA, CaM protein ki-
nase, PKCe] &43 A& Rzt 4
T Atk olo] Hlgte A)te] CCK Aoz
AF oja AEAEe] ¥3le] dig AFe BA
Bt} o= #A717t CCK FoAA] vehd ¢ =
t}heFdt protein kinaseE9] &4 ®al L o] ¢

o] zElEle AE¥IE U] t
2 g, o)& FYT HHEG HF nde& FHst
71 o7 WEo = Azbdch

Folsch%(1978)& ZF A CCKE 3}Fof 2
W oFstg 3F% FAE A, ok A #
DNA<o] Z7}3te #&slod CCKoll 9§ oA
¥ =2 98 2338 v} Q). Otsukis-(1983)
2 3F olx AZAEE o837 HYPdA CCK
E A7 A AE A, CCKY amylase #&
FRaA7t Zasted ol zymogen #Hol A
ZAN|EZ 9] basolateral o] FZ -‘Hi]é}E?Jﬂ
Ao g fElgo] FaHy] Pty FF
g n} 9l ojul CCK F#§42 ¥ale #AHA
ool ol F&A F Bz s Aoz A
AlE vh Qo Brd g 7HE FHEA X
3ot

Camostat(FOY-305)-& &4 o B a4
AA2A trypsin, kallikrein, thrombin, plasmin
2 C, esterase 5 o] @) Rajgio #Le
A Ak (Tamuras, 1977). Camostat FoJA] &
Z CCKAx 3~6AI17F Bt Ao oz vy
7} z ¥ ¥ (Elsasser%, 1985; Keim%, 1988),
o] %t camostate] 282 ] well Faf 5 Aol
9% slHo] A7) A (feedback inhibition)©o] 4
Axlmay veddn BuEy Qe (Gokes,
1988). =) Rl a4 AAEZE AT Jd= §
5o 9o vz (LiddleS, 1984; Louies, 1986,
Otsuki%, 1987), AZo g #A7|7t AL§eld o)xt
o] vt} ¢ F2o] Yeldl(HF, 1986). E3FH
camostatg #F o 7|t FoAF of, o) AE
AEeol CCK whgo] Zadvx Bud u 9}
(Goke%, 1986; Goke%, 1988; Wisners,
1988). o]9} 2 wHRE a4 AAA T
Axge CCK 7] o Z#A(Folschs, 1978;
Otsuki ¥ willilams, 1983)¢} UX|3tH, ulehr
camostat & A&l CCK $8 Z7o 9% of
A Q) EH 71 WEE dFely] st o|&E
Rozet A4,

2 Ageie g Eu) ASEA AT o

kd
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AFEF T camostat X x|
-43}04 ZEEHE]‘—E @ g Qlekde] W3le) o)z}

BH 7le 9 B3R,
o|x} ejRH] g Foldt= A5 HE A
At MEW Z2HTNS FEslazl ).

1) 48 dM=

(1) Alg »42: ¢8x% <29 (fraction V),
soybean trypsin inhibitor(type 1-S), minimal es-
sential medium amino acid(50¥] %2%&), L-glu-
tamine, N-2-hydroxyethylpiperazine-N’-2’-ethane
sulfonic acid(HEPES), carbachol, CCK-8, secre-
tin, 3,3-dlaminobenzidin®-& Sigma Chemical
Co.(St. Louis, MO, US.A)A T3¢ 0omH,
ZAR collagenase(CLSPA )+ Worthington Bio-
chemicals Co. (Freehold, NJ, US.A.)A 9
st t}. Carrier-free [2PJorthophosphate= Amer-
sham(England)<] A, & ®A% @2 Bio-
Rad Laboratories(Richmond, CA, U.S.A.)o|A]
T332t Chemiluminescence& Western blot-
ting kit= Boehringer Mannheim Co.(Germany)
A ettt Camostat(FOY-305, Ono Phar-
maceutical) & YAJaleko 2 —rH Zﬂ"‘ whotth.

(2) A& %% U AMEF:

EAoA AlLS Al ZOOg ?}%4 Sprague»
Dawley 7| Tii HHE AMg3tAh té
E}—Hu 7&] 21 5% ]Ho

°H1

Z73 camostat X Fo g UFro
camostat * 2| camostatZ
2o 59 200 mg/5 ml/kg® 1247 tE0 =8

1
i)
2 rlo
=

497 14 23] WA XA, vpAlE FoE
1247t ¥ 923l o)z At JREe
camostat X737 2 WHo s Zako] SRR

& Foah
(3) O|Xt MEMZ S| E2|: o|xE A3l X

T2A% AAEHE AAR T FAS A F
AEAEE Besgon ¥ ol4zhe o
%Y EL TP 5L A9 —70C) mEEY
o,

olz MIEMFEE AnsahS(1986)9] WS W
3 3}@] FEEtg Tt AEZAE B ALgd 7R
Zgolo] FAL 25mM HEPES, 104 mM
NaCl, 4.7mM KCl, 1.2mM KH,PO, 1.2mM
MgSO,, 2.0mM CaCl;, 15mM glucose®} 50X
g otulngt &9 2% (v/v)d 01% $8F
42w 0.012% soybean trypsin inhibitor& 3
7¥8 % pHE 742 nAsa, 100% 0,2 %3
17 AFg .
44 E 7heke] AWt HES oz %27
1g% collagenase &AL (50~60U/ml) 5ml
2 798 ¥ 192 A B TC Feax
14 1608/ 02 ESHA 1082 2847
Mgt aAEHo R upte] FHA F 408D &
Ho g 23A7] e 7|2 gdZdoz A A
b5 ppette—e— o] &3 OIZ}&&‘ & IAHCE B

>

o OM S, 4%9 1% 983 47T $2H
& o)lgste] HulzE AR (200g, 30%)3+d
MEAE Revsd 9ok oA Bad M%
M| 3

|3+ trypan blue dye exclusion testZ 90%
o]AFe]l WELS 39 & JE g3 3 A3}

| HUMEF U amylase #4 HH:
10mle] AQajaldss 9

A28 (1,500 g, 15%)3te d&
o Bl amylase 4 Fgd o] &
2okl Lowry® (Lowrys, 1951)09)
4 HE7) A A
v £ Bernfeld® (Bernfeld, 1955)
%‘5‘}04 A3t

1, amylase A&

international unit(IU) =



#A et

(2) MEMES| amylase 2| 5F: Zzd
o]z MEANZE silicon A H viale] 21 37°C
oA 7038]/Fo2 EEuE ¥ FEIA amyl
ase & 3’4-%}6}‘}11:} Amylase #2l&= 3087
9 VxR E BEF & oy 29 CCK-8, se
F7rete] thA] 30&3H
Aol g fElg FAsHch BuiRlFA Fo
HA 9 2AF 308 F dFF AZzEAYS FH
Eas! %J_é‘.%a(zﬁoog, 158)8ln AZA} N2
Fo2 YTt xS 7|2 dFdez A
HEF o] o 23047 (W-385,
Heat system-Ultrasonics, Inc., Farming-dale,
NY, US.A)E E43lgt. Amylase §2l& 7]
2 EE 022 A3F 4FY U= fo
amylase¥& t& 4 o& FEq Nx
9] 9J& amylase o h§ WE g2 TAFH
th 2, % of total amylase content=(x}=% A
29 o amylaseF -39 W 7] amy-
lase FE]F)/(AF5F FFD e amylased+
A3 AE W] amylase)

(3) P BX| U olctud £3]: Carrier free [32P]
orthophosphate 500 uCi/ml-& 7}sl3 37°Col A
607t incubationdle] M ¥U ATP poolg #7
AAD. EXE 2 A¥MEE Eppendorf tube
o] Yol ¥ CCK-8 T+ secreting FE¥EE
A7V ared 37°Col A 94 A)17+E<F incubations)$d
thooF gaResel 4EAe WA vg At
£ 09% NaCl o2 HMIMTE A &
23 &4(9M urea, 2% Pharmalyte, pH 3~
10, 5% 2-mercaptoethanol, 2% NP-40)& 7}
st AEANEE 723 I ol YAEE
(16,000 g, 108&)3t & F&5d g Hsbe —~20%Co
A Rpstg o, ghuldake. Bradford(Bradford,
1976) FHE ta HEPse S} H

733 E 99 AF £ non-equilibrium pH gra-
electrophoresis(NEPHGE) 9}  sodium
dodecyl sulfate-polyacrylamide gel electrophore-
sis(SDS-PAGE) & ©]&-3F 2219 #A7|95EE A

cretin =+ carbachol&

2442

dient gel

deiaich el A9ad, 14 A79%5e
MA@ 4% acrylamide, 2% Pharmalyte, pH 3
~10, 9M urea EIH&
¢} N,N,N’,N’-tetramethylene ethylene diamine .
2 Z3AA 5.5cm ZAo)Y tube gel& TEZT.
Gel A3 B9l A g&s ARst 8M urcaz @
of Sl galo] g 4y AFHA @A o
gl %Fo= 0.01 M phosphoric acid £98-L,
&Zd & 0.02M NaOH £9& & ¥ 50V 15
B, 100V 158, 200V 35417 B3 %(elec-
trofocusing) slgth SRAX7 Bd 5 2AH
oA gel& wjho] 5% 2-mercaptoethanols -
&l sample buffer2 equilibrationA]7] & slab gel
& °o]&3t9 22 H7FFE AlPIth(Laem-
mli, 1970). Stacking gel® 5% acrylamide, 0.4
% SDSE %83 0.5M Tris-HCl &3 (pH 6.8)
£, running gelS 10% acrylamide, 0.4% SDS,
1.5M TrisHCl &9 (pH 8.83)& oj&3te] W&
Aok A719FA AFE  stacking  geldl A=
25 mA, running geldl A+ 35 mAE FAAIZ Y
oo (0.25% Coomassie brilliant blue R-2509.
2 9% 3 30% methanol®} 10% acetic acid
gl oz GME T, vaccum dryer® AZEE o
—70°CoA A A7FEA 7]E‘ﬂ“°§ UAbs) ol g
#Fsgon, 72t BEo EAFE: T 2AF
okl B 5] (Bio-Rad Laboratories Inc, Hercule, CA,
US.A) 3 Bluste] 248t A

(4) Tyrosine Ql4t3} Cudo] B2 pah: Ty
rosine?] ¢lakEl HMZE & SDSPAGEZ dWAIRE
223 ¥ Western blot& A3t #&sct.
Western blotg 9]3%F electroblotting buffere] =
& 20mM Tris/150 mM glycine(pH 8.0), 20
% methanol®]$) © ™, phosphotyrosines 712 ¢l
thul o] H31.2 phosphotyrosined] w3t Eo]gx]
St. Louis, MO, U.S.A.),
streptavidin-POD, luminol &£ diaminchenzidine

& olg3te] AT

ammonium persulfate

(Sigma Chemical Co.,
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3 XNEEM U S

249 AR: BFt E%E‘Pi
EARE Bae

P gke] 0.05 gl @Ts Aoz oo
= Aoz B}

= ol
1) O|X} 2 % == SCHHEF, amylase
gMol HE
gl&Te] o)zt EAlE 0.4640.03 g/100g body

weight(b.w.), camostat xT& 0.5840.02 g/
100 g b.w. 2. & camostat x =)ol ¢Jelg)A =k
H(P<0.01). olx 24| BATAY Fuw @
FE glZze] 212+9.97 mg/g, camostat X X

o] 188+8.38 mg/go & camostat A X|7+0] 2.3

8 7Aaslglony, 574]6!-7(-1 oo gk o)A+
ZAW amylase %S g FFo] 169.5+10.96
IU/mg protelnol‘iiol% camostat X X 69.5
+3.46 IlU/mg proteine.2 &HA3| ZAHYHP
A
::.\207
€ ® control
s m canostat
8 16 -
s
pe *k
52 *
[0
& 84
% *
$ 4
-
<< 0
. T T T 1
Veh -2 41 10 9 8
loglCCK-g] , M

<0.05)(Table 1).

2) 24 MEMEZS| amylase F2| BlS
e ozl A¥AMEY VR FEe R
3.1040.24% /30 min®| %) 2.8, camostat ] X0l
A= 2 9+035%/30m1n0i oogle Aol

Table 1. The changes of weight, protein and amylase
content in rat pancreas after camostat treat-

ment
Control Camsotat
treated

Pancreatic wt. 0.464+0.03 0.58 £0.02**

(g/100 g body wt.)
Protein content 212.88+9.97 188.00+8.38

(mg/g pancreas wt.)
Amylase activity 169.504£10.96  69.5+3.46*

(IU/mg protein)

Values are means+S.E. of 6 rats. Camostat(200 mg/
kg, p.0.) was administered twice daily for 4 days. Con-
trol rats were treated with tap water. *P<0.05, ** P<
0.01; difference from control.

-
[+2]
J

@ control
m camostat

-—
N
!

Amylase release (% of total content)
o
L

{ 7, T T 1
Veh -7 -6 -5
log[Carbachol] , M

Fig. 1. The effects of CCK-8 (A) or carbachol (B) on amylase release in dispersed pancreatic acini. Values
are means+S.E. of 3 rats. Camostat(200 mg/kg, p.o.) was administered twice daily for 4 days. Control

rats were treated with tap water.
* P<0.05, ** P<0.01; difference from control
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¥

At
Bk ol AEAMEY CCK8 1072~10*M&
F-o3to] amylase #2818 #ET u}, 2 FAA
= 2 %9 wa CCK8 107'"Mo] A 5.28 +
1.70%, 10-"MofiA 11.50t1.64%°]§i£tq 1010
Mo 16.42+0.81% 22 Hjur-s& Vehfglo
U, O% amylase §d& 938 2olAd A 107°M
g = 9.52+1.48% 0] th Camostat X2 &
Al 2T B &39S 1o CCK-8 107Y,
107", 107 2 10 MM Z+2z} 2.26 £0.56, 5.06
+0.41, 10.77£0.99, 5.96+1.13% & ehf L}
Camostat # x]¢] amylase Falv= tZFd 1)
3 22 we-g BAth(Fig. 1A).

Carbacholo} ©}%t amylase #2 9A) CCK-8¢9}
Hls=3 &3uhgg vehldlen dizad vs)
camostat *x]~o] &A3] 748tk Carbachol
107" M A amylase &8&S tJx7o] 539+
0.53%, camostat X o] 3.13+0.44%0] S
H, 10°°M EE 5x10Mo|A= ztzt jxato)
15.23+1.77, 13.40+0.56% ©]%] 31, camostat *

Control

2 To] 7.0640.33, 8.71+0.64% & camostat *
R A 2] UA ek FTHP <0.01)(Fig. 1B).
a2y} secretin® 107 3~10"M¢] FZH ol

-
o
J

@ control

M
7}
©
3 | camostat
8,
[
@
(7]
8
£
@ 6 -
-
5]
g
o 4
s
© iﬁ
<
@
hd
8 27
«
>
Z
0 = —— T T T T T (p—

Veh -13 -12 -1 -10 -9 -8 7 -6
log[Secretin}, M
Fig. 2. The effects of secretin on amylase release in
dispersed pancreatic acini. Values are means
+SE. of 3 rats. Camostat(200 mg/kg, p.o.)
was admimstered twice daily for 4 days.
Control rats were treated with tap water.

Camostat

Fig. 3. Two dimensional gel electrophoretic seperation of pancreatic acinar proteins. A: Coomassie-brilliant blue
staining. B: Autoradiogram of [*P]radiolabeled acinar proteins.
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kD

45 1

31 4

30 min

10 min

pi

kD

45 9

31 4

r

p! 5 7 9

T

Fig. 4. Timedependent phosphorylation of acinar proteins after CCK-8 107M treatment. [*P]Radioclabeled
acinar proteins from dispersed pancreatic acini was seperated by two dimensional electrophoresis. A:
Autoradiogram of phosphoproteins from control acini. B: Autoradiogram of phosphoproteins from

camostat-treated acini.

A amylase #8388 thET % camostat x| T
oA gegle Abolrt fth(Fig. 2).
3) 2x13 HI|HSHo|Me T 224

T camostat Ao Al o2k MFEAE
o] 2219 9w B Z.9 Coomassie brilliant blue=z
(= P)]

Ao Rban |

f& T AddAl dEke vwstyg e o, 25

8kD9] pl 4.5~4.7, 5.9, 6.6, 8.59] Tl 3
01 o] His) camostat X X|FollA FrhE
Fde RAH(Fig. 3A).

4) 2xY HIIGSHOM Qi HE

SDS-PAGEe®] 23+ 1219 A7 G TA thxT

7} camostat H X ol A AZVEAIZ I EO 9§ @
Gl 2o wgE xo)lg Wolx skrth 1y
1} NEPHGE®} SDS-PAGE) 93 2319 A7]|H
55 A pAb|EE Qud 2o Al 25 kD,
pl 5.0 ©elo] Qlabgly} o] HIS] camostat
A2l A FrkEol Yebde B 5 itk (Fig.
3B).

22 AEAzd CCK-8 107"M& %
10, 30%-7t incubationdt %, 2319 %

AAste] A A FEY ¢lohl 2o fAadl o

AL |

2
ol

}_

£

r_l_,

~,

o2
- OW
£t o

Z73 camostat A EFoA 34kD, pl 4.7
celol ¢lxbslyl CCK-8 Fof Ao Hlg] FolF
108 Z7i5ga, o] Hals 30874 AHES
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Secretin 10* M

kD

200 1

CCK-8 10" M

pl
kD

200 A
B 97.4 4

45

31 9

pi )

5 7 9

Fig. 5. Two dimensional gel electrophoretic seperation of [**PJradiolabeled acinar proteins from dispersed
pancretic acinmi after secretin 10~°M treatment. A: Autoradiogram of phosphoproteins from control aci-
ni. B: Autoradiogram of phosphoproteins from camostat-treated acini.

22y AA(Fig. 4).

if}% secretin 107*M F<f3lal 1087t incuba-

ZX}% 117104% NA]&]—ﬁ% o, CCK-
—rowsa} A7} A) 2 34 kD, pl 4.7 @we]
237} FhEs Fde EYth(Fig. 5).

olats) Cieol s

Phosphotyrosinee]] tf & A1 & o]-&& 0.2 [*¥P]
HAF ZA7PEALZIEe] o8 #REe oy dd
W 23 zlolrt Qe tyrosine Ho] Qs o

5) Tyrosine

@£

rosine ¢14t3 WL 139 ArjdEH 249 A
7195 A 2T ¥E H¥tH o= tyrosine U
a3zt F7rEe &g E 5 AUT(Fig. 6).

e B4 AxAse CCK-8 FojA] Hutk
oz tyrosined] <lAtslzl FUHEHYL, ole
CCK-8 10-"M EojA] 2 Z7l7t 743 =aistd
t}. Camostat AL CCK-8 107"°M FojA]
tyrosine Q14t3te] FE7t thh FHAHo] #EH
oJth(Fig. 7). L&t} secretin $A] tyrosine ¢!
Abgl ghale )23 camostat Fo T4 FE
g #go] glxith(Fig. 8).

—
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Control - Camostet Contro

Fig. 6. Protein tyrosine phosphorylation in camostat-treated pancreatic acini. Proteins retaining phosphotyrosine
residues were detected by using anti-phosphotyrosine antibodies. A: One dimensional elecirophoretic

seperation of acinar proteins by SDS-PAGE. B. Two dimensional electrophoretic seperation of acinar
proteins by NEPHGE/SDS-PAGE.

kD
200 —

97.4 ~

45 -

31

Veh CCK-3 Veh CCK-3 Veh CCK-8 Veh CCK-8

Fig. 7. The effects of CCK-8 on protein tyrosine phosphorylation in dispersed pancreatic acini. A’ Control. B!
Camostattreated acini. 1, 3. Autoradiogram of phosphoproteins labeled with [*P]. 2, 4: Protein tyro-
sine phosphorylation. VEH: Vehicle. CCK-8: CCK-8 107"'M.
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kD
200 4

97.4 4
66

45 4

31 4

VEH Secretin

" Control

kD
200 1

97.4 -
66 -

45 4

31 1

Secretin

Camostat

Fig. 8. The effects of secretin on protein tyrosine phosphorylation in dispersed pancreatic acini. Proteins retain-
ing phosphotyrosine resudues were detected by using anti-phosphotyrosine antibodies. VEH: Vehicle. Se-
cretin: Secretin 107*M. Control: Control acini. Camostat: Camostat-treated acini.

J
L

a

Camostat == CCKE #A7|7t 498 uf o]z}
o F4 o Hthe} YEH] JieEFel Yol
HuEs gd(Folsch%, 1978; Otsuki®, 1987;
2AZ, 1986). ]88 M3 CCK 4849 A=
of & wAe dH AXU vk ThF A
9] Ariglg F3 Utk B AFGAE camo-
stat & F 3t vyl R H ojxte] BA M¥
Aol A, &4 HH], 2
wale) W3E FAAn 2R oz} MITATY F
8 2HEARRE FPstazt

Camostatg 447t 9l F3dE o o)zt
7t 2@ EPoV B w@ein amylase B4
& camostat A A TA @AF 2AHUTE o
Ayl= #A7]7b camostat 2 % CCK &
7b F748kH ozl g7 fuEdE Gokes
(1988) o] Zutel 4§39, camostat HAXA] &
_9,] 1{,_}15_114%1. amy]ase %}Ho] 7L/\6-]-1:].1—_ 7‘__,534_
(Liddle%, 1984; 7%, 1994)9}% AxTFL ¢

% ¢lt}. Camostat Fr) 8% CCK &/t &
7}8+H (Gokes, 1988), camostate]] 2§t o]z} 1)
e CCK &84 Al 1-364,7189) o3t
2= Aoz Hol(Wisners, 1988), camo-
statof] 2]%k o]z} vl CCKE wirldled S
o ATt

AEAE A CCK-8el 3t == £H]
e AYFRN ol FEHHE FHE HIen,
Ay fgvrss Jgde wEv dExLH
camostat M X7 25l 107°M=E xlolrt {1
t}. Camostat X x| F A FH3 BAF oz HEAME
ANA, 712 EHle dzTH zo|7t glov, CCK-
8 ™= carbachol zZo] ¢]3 amylase §d+=
i &Te] Blgte] oo A AAHUT ol d A
Bu)o A 9o A, camostat H3A Al
AZW zymogen T EZyt daldo] A
v} 9Jt}h(Otsuki & Williams, 1983). Camostat
XAl CCK F#&AEe ®a=HA @ggo] Eud
v} 3 (Otsuki @ Williams, 1983), carbachole-
CCK$} o] G-&twls}t phospholipase C& E&)
AEAFNA &4 EHE doth(Gardner B

b g

K

h=RetA
A
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Jensen, 1981). HerzigS-(1990) & 47} camostat
AR FE b olx} AEAEf A CCK-8 = car-
bachol 5o A) Z$-&-(turn-
over) % calciume] A XA §& FEds= W3
7t glov}, 12-O+etradecanoylphorbol 13-acetate
(TPA) B4 2J3 amylase {87} #Aslez,
camostat H A& amylase AZE8|7} 7FiEe
ol %= PKC o) wAle] #al @zl Aoz =
STt =3 guinea pige] AEA T TPAS
A% A§ Az PKC 4ol Azre] Aol
whel A= old] whe} CCK-8 2 carbachold)
o|%t amylase ®-|7F #4go] Hiu® vl QL
(Sung%, 1988). ol#3d ATZTE camostatd]
ot girfEHEo] & oF Ao wzld
711" & A AEAL et

Camostat % 2] A] Lelt}b= o]&} AEM L ¥
S8 TESH] Hs ARG o 2 Qe 2 E
S AEFIE i, camostat H R A 24~
28 kD, pl 4.5~8.5 wwl 9 25kD, pl 5.0 ey
o] ol vzt FriEo]l A& & F U
o AEAEY DeEo) ojyd Wile FuAF
A FoJAl9] amylase fElErtet FuhEo e
A ko, wEka of dMEL camostat A
AN FFEE ojate] F24 B H|he} #He] Q)
€ Aoz A,

AxAEL] A= ER]AL FRrE iks) v
W E AFF v fE2IH camostat A AT
Zola] CCK-8 ®adA] 34kD, pl 4.7 ©me] ¢l
87t F7HE 21, secretin FAA R o] Tl
QAL FAEAG, Heh o] Tule] olgs
Aol Cas* E= cAMPe) SJaho] A
%25+ ribosomal S6 wul (Burnham 2 Wil-
1982; Jamieson, 1982,
Vandermeers%, 1984)3} wH]s=3}A] AXuf vk
T A 2HEEAE] BAse Aor YyziEch

NEE ¥PE A wjdA A incubationd 7
+, P2 ¥AEe Jaksh e diFE serine/
threonine ¢14tst wwl oz M7ty w Qlth(Hunt-
er, 1991). AA A3 ¢ = tyrosine QAHS

phosphoinositide &}

S e

p

-

BT N - e a4

liams, Freedman 4

2 0.1% vigto g AZrsh, tyrosined 1Ak
3}A]7]%= tyrosine kinasex A X ZA3 B3}
FAH 484 ol A lvk(Hunter, 1985).
t}4= 9] oncogeneE©] tyrosine kinaseE X & o]
Baso] glom, I deMe 3 ZFAA(ep-
dermal growth factor) &3 (Cohenw, 1982),
insulin 2 insulin A} AU 44 (Sahals,
1988)5S & & Utk £ Ao AA g9
olarel Awo dolME camostat AT i
oA g 2ozt BEHA ZkAIRE, camo-
stat AN A A1 el MEAEY tyrosine
Qatst AErb diZEatel Hske FrhEo ddTh
Rivard$(1994) & CCK-A &34 5321 JMV-
1808 &oj& o] tyrosine-specific protein kinase
44 Z7h Vel ojejg W3k} caeruleing
A7 Foi@ u) yehdes o)Ak didgieh ddE

Ao wm ZZ3 vl 9k B A8 A camostat
o A7)7t 28 u, tyrosineo] ¢1its HEs}
Z7t5e} 9lo™, o} tyrosnie kinase &4 Z7}

£ phosphotyrosine phosphatase #4747} o]
wle) ARAY HAL F QST AN
Aoz AzH.

CCK-8 oA thx| A& tyrosined] {14
b AwrA o g 2715 o, camostat
A A= tyrosined] ¢IATE7} vha AT ty-
rosine ¢14+3} AL tyrosine kinase$} phos-
photyrosine phosphatasedl} ¢lsted ZHE & 31
3} o (Fisher%-, 1991; Trowbridge, 1991), o] Z
Hi= CCK8 HFoA] HEAFEW tyrosine kinase
2 phosphotyrosine phosphatase’} =5 4312
S Aee ANEE Aoz Az,

o]zl tyrosine kinase¢] #FAo] CCK I
caerulein Fojof °}&ted =7} (Rivard%, 1994)
o] »uH u} 9t} Tyrosine kinase A A¢] ge-
nisteino] CCK && carbachol& ®wf )3t amylase
Huls Brzxog A s (Lutzs, 1993;Piiper
%, 1994), CCK, bombesin, carbachol & GTPys
o o3k 1P, AL AAFER, ol iHIF
7 A" tyrosine kinaseo| #&ols HIAE

2L o

o
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ohe] G w¥) U phospholipase C7F @elHo] |
AlEl v} 9tk (Piiper%®, 1994). o)== tyrosine ki-
nase©|| 2]}l phospholipase Cof] 23t A 2 45
249 440 4E & A ANdD Uk
a3y} o] tyrosine kinaseo] A3l 7|Ae B
312 ). Al EY calcium %9 Z7}(Huckle
% 1990, Leeb-Lundberg % Song, 1991), &&
protein kinase C &4%7}(Yamada%s, 1990) %
o} 2J&}e] tyrosine ¢14}3 2 tyrosine kinase &
dol Frbde] Rud v glong, B AF gz
7o AEAEAA #AZHA CCK Fofd 23 ty-
rosine ¢14tste] F7hes ol2d A=E F3 tyro-
sine kinase?] &AZ 7t 98 Aoz Azt

¥ A¥olA camostat Ao BAHNEAE
Ul tyrosine ¢14b3l7} FrbE o] 9lm, CCK Fo
of olstal tyrosine AAYEIF oA FFago] #F
=) ojxz 21 phosphotyrosine phosphatase
9] &Xo] caerulein &2 carbachol Fojo] ¢]3}
of F7heta, AABHE o)RRA M HiE o
Ut B (Rivards, 1994)&, ©] 471 olx
AqEH7ET B AMEFAG T2 goke el vt
ol #oAEo] &S AAst Yok EZ Jena
Z(1991)& streptolysin Oz al® Fabd ¥ A
X9 recombinant phosphotyrosine phosphatase
2 Fod AL calciumo] 9% amylase &7t
Ut} o]EL  calcium$]
amylase 2ul4FEAel ool g wRe
A ¢gkomg o] recombinant phosphotyrosine
2g7)1de EHEA gon, o
Aile o)x}e]En}7] % phosphotyrosine phos-
phatase7} BE& A|A st drt. CCK-8 T4
Al tyrosine kinase$} phosphotyrosine phospha-
taseZt #o] @43 2 F Qvh= B 49 ZHE
a1 o, 7 54 179 7Ee] g4sHER
A, tyrosine kinase$¢} phosphotyrosine phospha-
tase ZEo| o}3lo] o]} 9EH] y)o] zEW
T A& Aoz Yz

ol 1
N
i
o
)
e
o
=

phosphatase 2]

= =

T 53 AW JidE 7R

A3t theFet Fu) AFEH 97 o)z fEH]
NEHEE B AEAEE olgsle] FESlL,
£ camostat Fojo] oJdted %

g e wse R

r
oz
e
x
i b

stat # x|l A oA Frbsblar, B9 o9
o amylase B4l camostat X XA A B
Zrast Aok

2) B4 AZAEQ amylase 7|2 fEle dE
T3 camostat FH A TEZre]  zolzl gl on}
CCK-83} carbachol A o] 2J& Hu} amylase
frele gzt HlEle] camostat A X oA A
5] 7AslATh. Secretin A X o] €13t amylase
FrelPgS dixa camostat AR Alolo]
ol7} Tt

3) Camostat XX oA 24~28 kD, pl 4.5~
8.5 MEU e Fo] x| vl& F7HHS
o, 25kD, pl 5.0 gl o] 4kslr} Frh= .

4) CCK-8 ¥+ secretin Fol=2 34kD, pl 4.7
wae) iyt FrbEQlaL, ol WET ¥
camostat A X ZF A F2AE )

5) A ZW tyrosine ¢14+3t w2 7]
A& camostat AA|ollA Awrdoz F7t
o1} CCK-8 A zA] tzFo A+ tyrosine
87} F7tElE whdd camostat X Xl M= o
A 7259 th Secreting tyrosine ¢lAbslol W
AL FA G

olAe] A¥Anz Hol CCK8 & secretin
& o)z MEAFY 34kD, pl 4.7 @e] Qlikal
& HolstAl F7MA1719 o] #A o= phospholi-
pase C % adenylate cyclase’} 25 #ojgt o
2 Aztgch w3 CCK8 xx %2 camostate
717t Foig A§ tyrosine 14 37t FUbskE
Ao 2 Hol CCK +&AE viMNste #A=5#1]4

b

o b

2
5
il

(LA LA

— 254 —



A serine/threonine kinase % o}zl tyro-
sine kinase/phosphotyrosine phosphatase’} 7%
Hoz Ansol itkn Azha.

Aol 2
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