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Although the adenosine triphosphate (ATP) efflux pathway is thought to play a major regulatory
role in RVD in some cells, including cholangiocarcinoma cells, the role of ATP in regulatory volume
decrease (RVD) of normal cholangiocytes is not well defined. Thus, this study was conducted to
investigate the role of extra cellular ATP and ATP pathways of BDCCs isolated from normal mice.
Changes in cell volume of BDCCs were indirectly assessed by measurement of the cross-sectional
area (CSA) by quantitative videomicroscopy. The relative CSA of BDCCs from normal mice increased
with hypotonic maneuver to 1.20+0.02 (n=20) within 10 min, but decreased to 1.06+0.03 at 40
min. Administration of ATP, ATP hydrolase apyrase or the P2 receptor blocker suramin during RVD

had no significant effects compared with untreated controls. In addition, treatment with the PKC
inhibitors, Bisindolamide | and Ro 31-8220, during RVD had no significant effects when compared
with untreated controls. These results indicate that unlike the results from cholangiocarcinoma
cells, ATP plays no significant role in the RVD of normal mouse cholangiocytes.
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L &= 21|92} HSKbile secretion and modification), AU
pH ZA(intracellular pH regulation) Z12] 2 442 #d(gene
expression) & H¥ A 2E 7|50 vl-¢- 589 A& HFIAL 3

Received: April 29, 2016
Revised: May 23, 2016
Accepted: May 23, 2016

TH3,41. ZE, of 2] Aol B4 Fof e 2 e el g Al
3 F2(bile duct cell clusters, BDCCs)2} AR © 59 Al
(human cholangiocarcinoma cell line)”} #1%<(hypotonic
solution)ol] =Z=| & Al A7} Befi(swelling) o] 71 F3)7}
S7VE DL A A4 3712 EEgote s 28 2ol S U 5
ASATHB). A T2 Al ST R A 2, ZHE(potassium,
K"} ¢d4(chloride, C1)o]-& A = % (ion conductances)oll 23}
5] 4 24 7140 52 0% o] FolZITH5).

ATPSFATP thAk= F- Q3 A1 A EAFEA B A2} 24
of W =] 9)= P 2 2] 4~8A(purinergic receptors)®]
DokE Bl Theft Al Y] 755 wiANgtHe). B s s
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% ol" Ao A= ATP7LF2] | 4] -8A15 S8 A7 Al e €
o Al 2715 ZAsk=H] QoA Fadt a@}E St=slom A
ZHATHT 8], of 2] Aol 4] o' Aol Af = HH]E ATP7}ATP-
A ARHATP-binding cassette, ABC)ol| 23] Adw|o] P2 48
7‘1]% B 27]-7424 CI A d (volume-sensitive Cl” channels)
2SI, 7+ F9F A2 (hepatocarcinoma, HTC)of| 4]
ATP7} Al229Fe] 214 2] 48X (purinergic receptors on the
plasma membrane)& B/3SA|A, AlZW Z(Cay Dol 57t
o] Z<3-21&4 77 (calcium-dependent processes) 23}
A1 0 24 RVDe] §lofA] F-a3t &2 =afstar QleH10]. 12

o, A k0] GRAERIA A e AT 249 =
F7h A3olA] RVDe] o}l 9§ vl 01| sksrehy). 1o e,
ot ZzfollA] 34 || RVD o o] 9o} 4] ALE 9] ATP

T2)31[Cay'] 5 o] o] 8 AT sl=A] oot}

o Hoprl, ofd FFE| AlEA = THE Floldlo|A C
(protein kinase C, PKC)7} Al 3 715 Z7Hpositive)[11]1A]7] A
U AAl(negative) 91A17]= F3F7F Qlef. 7HA| 2o A=, PKCO
o ZF<l(isoform) 2~ T12]3 X2E-7FA PKCa (Cay'-
and phorbol-sensitive PKCa)7} 1.2 1, 24 o] ER| Y71} o
2.2 oFo] ZABIAL QITH12). J13 B2, PKCas 7HA| 22} kA

A5 AN LeZdl= FF Al 27]9F 1 9l RVD 8-t

AFEe] Y& Ao Helrh w2 Aol Al ZHAE L] tjAbr} o]

Fo]2] = F<ePKCaZt A A 0 & CI Ad & 24etrH12].
Sl AR =ESH= 5 PKC Af|A|(specific PKC

inhibitors)& A g]ste] RVD A& LotR gt

g/ k-0 710 R RE B3t G| 28 A dol| A =
Sk RVD §Hg-ofl glojA] ATPE] o] tfsto] dA-tstarat 51el
c}, o] & 93l uh-$-~ 7Hy T3t A (intrahepatic bile duct unit,
IBDUs)9] £2]¢} &2 vl © 2 BDCCs £H]8+% a2[13], TR &
bile duct lumen)& BA3HA] ¢ BDCCsE ARE-3H3ITH 1t
G4 PO e Fefol A= thE EA|E Al EET(cell
lines) .tk Ay 2] 2] AFel 7} 4 A2 274 (primitive conditions)of] U
$- 7P, ol ERt 7] WA Y] e i Ae] ek
Ao B =5 Frf o Ao oy AizolA ATP}
PKC7} 7/ u-2~ HEA| 2] RVDe]| $lofA] 529t o84 814

Matrigel Collaborative Biomedical (Bedford, MA, USA)o]l
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A, collagenase B& Roche Applied Science (Penzberg, UP,
Germany)©l|4], Pronase+= Calbiochem (San Diego, CA, USA)®]|
A Fdste] ARSIl Liebowitz-15 (I-15), minimum
essential medium (MEM), a-minimum essential medium,
L-glutamine, gentamicin, 12|37 fetal calf serum < Invitrogen
(Waltham, MA, USA)OI A -13F5L, T1 9] Alefa ufj ol K3
A= Sigma (St. Louis, MO, USA)ol| A L8} AR-51Sct.

2. 8
HEPES7} E3}H= S-3dll(isotonic solution)d} A4 o] LA
AE-2 oS3 A}(5,8]. S M-S HEPES 8-H(pH 7.4, 37°C)°l
NaCl (40%)4 A (sucrose)yS E&sto] A3} 0w A Ao
A A Qe Y A AL S e} A

3. BDCCs 22|

Ay 527 C57BL6 WR$-2(4~145)Z Charles River (Wil-
mington, MA)IIA] 7-}38te] ARE-3F3ITt. vk BDCCs2| 2]
= AT LS o]-8-5lTH5, 13]. QofehH, kA vk
%) collagenase B% ¥} Q1= Hanks -84

e wlolWi iz 7k el Qe vt A2 E
A A}, U}X]‘%PEE_ SE 7}11 B4 collagenase, DNase,
Pronase Z12] 37 hyaluronidaseS E8311L Q1= MEM 8942 ]
2801, 100- and 30-mm meshes (Tetko, Lancaster, NY,
USA)E o]&-3}o] o3} A]7] 1L, 30-mm mesho]l Hor3l= 27HE
< MEM Bl A 3~6 mLZ o]-8-5Fo] =ABIATH5,13]. =A% 22t
S A3 vljoF g-7] 0] E01Q1= matrigel & FHH 2 -G2] 27+
(2 ~4 mm) 9ol 5810 5% CO,, 37°Coll A 24~72 h &3t ¥l
sho g of| ARSI, F-2]3F BDCCs o] EA4J-2 J3 Al Z-Eo]
Aol EAI2}E-19 @A|(cholangiocyte-specific cytokeratin-19
antibody)E ©l--sto] ot gtrH14]. viYFE BDCCsi= 715 ¥
75 ¢ F tryphan blueE ©]-8-8to] Al AJE&-S A sleich

4. H|C|Q$H0|AS 0|2t M F7|XH Hi20| M2k XX
vt e Hu| AL o]83to] BDCCs2] e (cross-sectional
area, CSA)S &7 s3It vt L du|4-& o] -85 b o] 7Hy

].
Aol HH2 Al=x 3713 gt 574 & 4= Slrh BDCCs&
ZFoll A JEAY Hlj e d ] of] FAtE]
of Y= 2ExHY| Oﬂ %7 37°CON A 10~205 B2t SA o] 1
SAX 5 Z4740] Aol whak Al okS A 2jskar v 1 ~5wwtt ¢
&5 ZSIATH5]. BDCCs 9 A 2842 Olympus IX-70
(Olympus Inc., Melville, NY, USA) T+ Leica DMIR (Leica
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Microsystems, Inc., Buffalo, NY, USA) 0] 4L o8-8}

ool wzkE 4Gl AuEes AFEo dZSk

OpenLab A} 4] 4 E 9of(Improvision, Boston, MA, USA)

5 o] gsto] A3t 479 BDCCs AE 153 215 &
Al O

2 2L A4S S

5. SAHEN

Hfedngod 24 B E AN &S +SER A
2|8Flct. A4 2] INSTAT statistical computer program
(GraphPad Software, San Diego, CA, USA)= |83} Student’s
t-tests= A2t

Z

1. MIZLQ| ATP (extracellular ATP)7t RVDO|| O|x|= gt
RVDell thet ATPS] Gk K| flsto], Al 9] ATPE H¥HAl
o] 2|8k, Fig. 1014 Ha=nte} o] BDCCsE= Al of| A]
102 F2toll W= A CSAZFS7H ekl on, 1+ 44 712 Hs
of grtH14]. HHAZE Mol LeZsh 10 pM E= 1 mM
ATPE A 2|3k A3 RVDe]l ob-d gke] §l3lehFig. 1). o] =gt
Aol A A 3Z L] ATP A 2= EiAl o] o} e Goke 4] ok

A

[e)3
=

o
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2. OI|2fOfA|(apyrase) A2|7} OFRA SHEAE 2| RVDO|
OjX|= st

RVDO] tfst ATPS] H&-S LolR 7] §Jdto], ATP 7}&Ed] &
481 ot 2tolA| 9] RVDe] it BYHE K.7] $18]] SkAl| 2o A 2]

—O—HypoA
1.2 —e—ATP  10uM
—&—ATP ImM

% Initial Cross-sectional Area

0.9
20 -10 0 5 10 15 20 25 30 35 40
Time (Min)
Fig. 1. Effect of ATP on RVD of normal mouse BDCCs.

Coadministration of ATP during hypotonic maneuver had no
significant effect on the RVD of normal mouse BDCCs (n=10),
compared to the untreated controls.
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3o] BT}, Fig. 20714 E3zo], ofmlolA|(3 U/mL)[15] A&l
Ak SbA| o] 4] RVDe] o} oj3fo] 1gict. oleet Ants
& ofuleoA|of| o]t H| 9] ATPL] 17to] A HIA| E2] RVD
of o} oJ3Fo] 9191, 1] B A Ao A A EZILE] ATP7}
Hu)gjo] L] ATPO] Z7F= A} SFbA| o] RVDeo] opiLe] o

> o >z
ol & A0 F2Hch

3. #212(suramin)0| EZMIZZL| RVDO| OjX|= Hek

ATP A1ZE Agoh= FelH 2] =842 RVDol| et F3-
H7]$16t0, P2X 9} P2Y 2| 4] 484 XA (blockers)?] 47
2H1S A 2Jsldch. Fig. 304 K= kel o], fr2kal(suramin,
100 uM)[15]& FA| 220 A 2fsto] RVDe] vl X]= Faks dof

—O—HypoA
1.20 —e— Apyrase

1.00

Hypotonic HEPES *+ Apyrase

% Initial Cross-sectional Area

0.90 T T
-20 -10 0 5 10 15 20 25 30 35 40

Time (Min)

Fig. 2. Effect of Apyrase on RVD of normal mouse BDCCs.
Coadministration of Apyrase (3 U/mL) during hypotonic maneuver
had no significant effect on the RVD of normal mouse BDCCs
(n=10), compared with the untreated controls.

—O—HypoA

—— Suramin 100 uM

% Initial Cross-sectional Area

ISO Hypotonic HEPES * Suramin

20 -10 0 5 10 15 20 25 30 35 40
Time (min)
Fig. 3. Effect of Suramin on RVD of normal mouse BDCCs.
Coadministration of Suramin (100 uM) during hypotonic maneuver

had no significant effect on the RVD of normal mouse BDCCs (n=9),
compared to the untreated controls.
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—O— HypoA
—&— Bisindolamide T

% Initial Cross-Sectional Area

ISO Hypotonic HEPES + Bisindolamide I

20 -10 0 5 10 15 20 25 30 35 40
Time (Min)

Fig. 4. Effect of PKC inhibitor, Bisindolamide | on RVD of normal
mouse BDCCs. Coadministration of Bisindolamide | (100 nM)
during hypotonic maneuver had no significant effect on the RVD
of normal mouse BDCCs (n=7), compared to the untreated controls.

S A kot ol et An, FeuU A 4
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SIS FIATP A1 2.0 AT A2 B4 A2 S RVDe glef
o

4. PKC X{oHA|7t SEAMIZE RVDO]| O|Xl= Fek

chal A 7ol H|o] A C (PKC) 4 &7} RVDO] v] X 93k oo}
K] 9]ste] FbA| o]l PKC A 3iA(inhibitors)E A 2] ste] Kk
T}, Fig. 40lA] Bz upe} o], PKC AofAQl vlAl=otnto|= |
(Bisindolamide I, 100 nM)©] RVDo]| oF5-& g8k F4] ¢kqlet,
E3F 2 PKC A80A121 Ro 31-8220 (100 nM)E %] 2] 3fo] Za}
A O] RVDel o ke 5=4] 2tthFig. 5). PKC A%
2= GHAES RVD] QlolA 8 A8 ohA] & 4

A

¥ oM o

i)

=

=
=

fd

A0 A7) 2L A0 vt 715 HiAL, ol e

HEEE], 9 §AA A Sl QlolA Fadt i Fot
(16). B2 Aol A ATP7} o] A|ZA = M2 7] 80| &
A3 AT skl 9l Ao R A QU391 0|42 ATP
oF Aol QA Ei= ATP-92 AR5 2 AsH=A] 20| tfek
Sk, TL2j ol A3 A7) 28 QlolA] R U A -84 HETFHA
O] RVDeo| Q1o A Al 4] ATP Adof| oJ2f) e sli=x] o] ]
A =gho] QItH3,9]. BkAI 9] RVDe] 9lofA] ATPO] 9J3ke:
ol 7| fJste], o|et AAH cthFet A4S SFlct.

N|£] ATP OJSt Al 7] 278 A 2 07 Lot 7| $fs}
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Fig. 5. Effect of PKC inhibitor, Ro 31-8220 on RVD of normal mouse
BDCCs. Coadministration of Ro 31-8220 (100 upM) during
hypotonic maneuver had no significant effect on the RVD of normal
mouse BDCCs (n=10), compared to the untreated controls.

o, 4/ vk A0 A 2 & A Allof] A 7| m] ATPE A 25}
o] 2 H}, A|Z 9] ATP+=RVDof oF-& QJ%ks 4] gbgtom, wdt
ATP 7hpsf] 4281 ofuj oAl & A7 dof| tmZdke] A 2513l
O} A £9] RVDeof| obitdl Foke 4] ghoket. ol =gt 2t
oA ATP7H A 29| RVDOl QlofAl =8 28 IRt R A 282
Sh=Alof sl 5=5HA sttt

t] Lol7}, of 2] Aol A =53, 2 ATP= Hik-Alo|E
o] & A (nucleotide-gated ion channel)Ql P2X 18] 17 G-
Aol A (G-protein coupled) P2YE 8 F2 U2 AT E A
GobH, RVD]l J8& Erkal 3HATH17,18]. P2X9F P2Y 4+2 4]
2] 84 AeA] Frebel(suramin) 048] RVDo|A] 2
U4 -84 9] g HTA| oA obE QL LH{19] RVDe| of
e gkl gigit.

PKCa A% 74 &= Aol of| ] A| 3 s rfjof] Thofdhrtar B 1%
9ATH20,21]. PKCat= Z-74+4 PKC (Cay"-sensitive PKC)©]
o] 3}Lte] HEbo| = Al(a single peptide chain)ofl 47112] B2 o
l(conserved domains)& 2t Qlth. o] P& T 7px] el o7
ofRl=t), 28 g Y(regulatory domains)?] C1 [phorbol
12-myristate 13-acetate (PMA) 23} tjopd 2| A& dia-
cylglycerol (DAG)/C2 (<5 2%, bind Calcium) 12|37 &) &
(catalytic domains)! C3 (ATP Z¥hHe|th21]. PKC A& A
Al 9l v]AlEohto] E(bisindolamide) I3 Ro 31-8220 S BDCCs
of 2jst3l o1t RVDefl obted Foks =4 oboton, S8t 9
& 5] o o S Sl

o3t Aol A & uff Zr4, ATP, 72U 4] =84, 12131 PKC
B2 FYAIEY RVDO] QoA S83 925 3HA o= &

-

a
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193ct. @A1A H3A EE(primary cholangiocytes)?] A3}
A A EFSI o2 ATE Bolow, S tieiA=
T A vre A A] gkoreh. e B gA|AES] RVDO
AT A2 E oofs7] floiit= ol W A asht. A
F9f ofH AT ARE T ol g E0 ] H 24 1S biliary

cholestatic liver disease)2] X|&of| E3}2Q1A] =S dlsof g Zo|c},

(]
o

],

&
ok

2 %
ATP 28] 2 HUAZF Al 255 EA G A2 RVD
4ol QlojA =83t 3
HHA £ RVDel| QoA o] ek 2 a4 QA bt B4 &
TAE O] RVDe]l Qlo1A] Al 2] ATPLFATP 74 &
7] 15, B/dut Lol A GRS Eefste] dAtof o]-8-5t3
th BDCCs®| =27] Hdk= A57 it e dv)4<
chie 7 28kl A4 0] BDCCso| Fdd
oHof A =E3t & 108-0] 1.20+0.02 (n=20)°]1 2, 4
1.06+0.03% 74Tt ATPSFATP 71E-8)) 51420 ofm]2lof
Al = P2 -84 XA Q] 172h] RVD 2 Feofl A 2] 4l
HelohA] he th x5 23k Kol & Kol A] Agit. ¢ volrt,
PKC A8 A1¢] vl AlEotuto] =17} Ro 31-8220:& A 2]8te] RVD
of WX G Gob Bou tjxwa} Fa3t Kol 5 Kol
ookt o2t AiEolA A/ vhe-A HHA EE HEAIES Al

AIE B o, A upg-A0] RVDO QlojA] ATP
kel o)

e
}_/"s_lj Q_lﬂol—___
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