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A% DAL F9d BoldA 2ase 98

N

E2)3}+= cystic fibrosis transmembrane conductance

regulator (CFTR)¢} Cl/HCOs exchanger (anion exchanger, AE)¢|t}.
AY BAEAA o] ol&FFHEHS T3 FEANE o] dixA<l

Al AR cAMP Als
73 3t

=1
Barel wulel Fd

Es i 7ol E AT ey
ZgEAs g FeAd wr Z1de disiAe obA dElzl vt
Ak wEbq B Ao i= CFTR 2 AE7} ZgAlao] o&te] ojE A
ZHEa, o]lRo] FEEE EHle] oju g &S st=A g EtaLAt
skt

WA= Wild type CFTRES 2@ st CAPAN-1 Al E59}
&% (AF508) CFTRE wd3st= CFPAC-1 A4 #AEZFE A&

stAY. ols MExFT= FHXH 84 (purinergic receptor,
P2R)$} protease- activated receptor 2 (PAR2)E wWdlslH, P2RY}
PAR2¢] @A st= MEY ZF 55 7 AATE 2% (120mM)
Cl & X8t #FIAS Z850 Cl 7t gle BFHoZ npHo] FH,
AEE &3 HCOs S7F= A=W pH7l S71etedl, o] W pH S7H=
CI/HCOs u% 24 AL=E SAsIT 28a A4 F4 oledd
CI/HCO; nge delxo=z =437l 938t 100mM K& &

-1 -



3l BHFAL o] &3t Wild type CFTRS & 3s= CAPAN-1
¥of|A PAR2 ¥ P2R9 @A 3= ClI/HCO; S =ZA S7F
zix]*ﬂ_, 4% CFTRS w8 3slE CFPAC-1 AlxdAE g2l
3}

mlo

fol
=

P CI/HCO; w3 WEe gl 18y &4% CFTRE %4
CFPAC-1 A|¥o9] adenoviral vectorE ©]&3 Wild type
CFTRS w3AI7l A3 P2R 2 PAR2 &4 &l Cl /HCO; nl3o]
A S7retAh 1E]3 AE ofd 5 Zrel st &3 He ofdo]
A=A AHE7] SsA WAA ] CETRe] §li= HEK-293 Al 27
Z} AE o}d S WAzt 21 23 AE49} Pendrin Z18] 31 SLC26A6
oANA Zrol ¢gk CI/HCOs 3k +7Hs ##3 4+ Ao

ool AdE Tt B uf A #AAMEA CFTR &A=
ZwAs7F CI/HCOs w3E F7HA7le s & F AgeH, o
A 7d JAE EBRE ol g E}% o] 4y ﬂg‘?oﬂ A Al s

o o) _1?_ S




AE BAXE TEAE BN Z2ais 9

et

A BAEE 100~140 mM F =8 FE4kd (HCO3)ol s

EFHel Qi A Bugth A% wAzd 9@ @
Qo Ryl o s WelA W F2F G FUsw Ak
$H, AL el FHAAA HolAFo] LA YRS TolFE

715 o, AGlA EulE= e &5tE 49 mucin 5o ol
Adell & =& 5 = #4& AFAHA mucin pluggingol 2] 3
Aol e AY, 2stas A o8 Aol EFHE AL
g gt

Ao Frl= AGe] 5%E

A —|—'
?
_|_4
r
Y
o3
r o)
=
5
=2,
1o,

Ot
=
R
-0,
i

FEA3F=  cystic  fibrosis  transmembrane conductance regulator
(CFTR)9} ClI /HCOs exchanger (anion exchanger, AE)¢|™, CFTR¥}
AE 18]a Na'/H' exchanger (NHE)9] A3 #go ol&] FEhibe] 9
wHZ7F 2ddn g HFoA FEAAe] EHl e Lo



CFTRZ AE®} NHES &4 2d& T3 Al A3 53
ATh =, secretin 59 A=l 9g cAMP A& oF &
CFTR2 Cl/HCOs; exchangeE S7MA7]3, NHE &84S A3 A

Abde] EulE AR vl v g4 stE CFTRS Cl /HCOs
g stetA Xska, NHE €43 9 AskA X6h7] w2 ol
B b o 4] | o} F6116

BALNN FRAG BuE FAAIE GEA
L

= off Rl ol
= U - U
Oki U& ﬂlIO F-|~

M =
S
Zz =
o 'O
2 L
lo my
O
)
ol iy
M o
r)«
2 +
o
i o
N
N
2
2 ofy
mu
=
off -
AT
Y,
o Mt
- oz
=
4
HE = 10[1
S e

r2

of Eulol #AE WHTo| =A== AES CI
Z CFTR 24t o}ug} Ca’ activated chloride channel (CaCC)<]
st Axpr Ba Fok’ ey o9 d R ofF
STEAF S &Hlel AE¢F CFTR z#lar CaCCrt
shal Qle=Aloll el A skAl Kstar vk whepA E
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o.A4s %2 249

1. 43 A5 2 #FY

Fura-2-AM} 277" -bis(2-carboxyethyl)-5(6)-carboxyfluorescein (BCECF-
AM)& Molecular Probes (Eugene, OR)Z4-E T3t 2 ™, Synthetic
peptides (SLIGRL-NH2 and AYPGKF-NH2)& =7 2338 4 4
(Seoul, Korea)ol| 5] A2+ttt ATPS Trypsing ¥ §H3l= o)) 9] Aleke
Sigma (St, Louis, Missouri, USA)Z%8 +43tch 7|2 3F A4S 140
NaCl, 5 KCl, 1 MgCl,, 1 CaCl,, 10 D-Glucose —12]3 10 mM HEPES=
TAE e den, pHE= NaOHE AM&3te] 74=2 9r3Qdth HCOs™ #F o2
120 NaCl, 5 KCI, 1 MgCly, 1 CaCly, 10 D-Glucose, 5 HEPES 123 25
mM NaHCOsZ T4 ¥ o] dow, pHi 742 253t} Cl-—free HCO5
AFHE 120 Na' -gluconate, 5 K'-gluconate, 1 MgSO4, 1 hemicalcium
cyclamate, 10 D-Glucose, 5 HEPES 12]3 25 mM NaHCO3Z 4 ¥ o]
dow, pHE 742 93tk 5% K (100 mM K+), HCOs™ &7 -2
HCO;~ #F oA 95 mM NaCle] 95 mM KCIZ tA|Een 315 %
K' (100 mM K'), Cl--free HCO3~ #F 42 Cl-—free HCO3™ ¥ 2ol A
95 mM Na -gluconate’} 95 mM K'- gluconate® X] $+%] i t}.

2. AlZ 8¢ 2 Transfection

CAPAN-1, CFPAC-1 ¥ HEK-293 M*¥~ 5+ ATCC (American Type
Culture Collection, Rockville, MD, USA)d|A T3 o™ Z+7 RPMI
1640, IMDM 1831 DMEM Hige] 10% FBS 7kt $ 5% CO
incubatoroll A wjeFal9l o, CAPAN-1¥ CFPAC-1 AEZFE wg =
trypsin/EDTAE ALE&8A A XS 283593 3x10° cells/cm® A=
Transwell-Clear Pol membrane (0.4m pore diameter, Costar)< A& &l A
UFE permeable supporter YolA 4~5YU ALE 7|94 @UZ=0=F tight
junctiong ol F+ 7|sAH R #3E SAS A= A BAEE w Y
skt WT-CFTRE| transfection< adenoviral vectorg CFPAC-1 A3

HFetoll 3AIZE Ft Wi F M2 widder dote H 24 F A¥



3}tk Anion exchanger ©}38 clone> HEK-293 A& coverslip 91914,
10% FBS7} %7Fg DMEM Hj¥e§3} 5% CO: incubatorol 4 &} &<t
w3k & LipofectAMINE Reagent (Life Technologies)E ©]-&3alA]

transfection 3+ 3L, transfection & 48~72 A7+ vk FH ol 2351t}

r

3. AZY ZEAE SF
o 2 = 7lsA R sk A dAE
2+ 8% dye?l Fura 2/AME 30 #7F A9 A loading3tyth. 1 &
= )
%

[e]
FAo g AFg tb3 Fura2”’l loading® AI3XE #7F chamberol
&
k-

M

tight junctiong ©]F

(e}

A

NS WA excitation 355 nm % 380 nm<}
emission 510 nmolA] Fura 2¢] ¥ %S Delta Ram system (PTI, NJ,
USA)& o]&3fA SA4stdtt oldf #FRo] ATP ®+= trypsing H7F
3o P2R¥} PAR29l 98 Az 7

4. AxW pH 4

HjFet AxE pH S48 d¥=4< BCECF /AM©| 4 pM &4
PBSel A 10 %t loadingdt ¢ #5F chamberel] %3k ths HCOs 7}
EA = BHF A A excitation 477 nm 2 442 nm<} emission 510 nm

o4 BCECFe &3& A3kt
]
Ed & F dA wHEAA di= chambere FA Y Zoi= 0mM Cl7f
1

7 0mM Cl 7} ¥3¥ HCO; #7F



5. 9AA THEL AHTE
CAPAN-13 CFPAC-1 Al*¥°] Guanidinium thiocyanate phenol-
chloroform (Trizol, Gibco BRL, USA) £94S A dAEE F
AFZdS Ao ethanol® HAAA mRNAS F=35F9ch g F&3
RNA<E random hexamer®} reverse transcriptase (Superscriptll; Gibco
BRL)E o]&3ste] AJHALE stk Al2bE cDNASH 7 AE of& So]3<l
primer®} Tag DNA polymerase (AmpliTag Gold, Perkin- elmer,
Norwalk, CT, USA)E A}-&3to] PCRS G335ttt AF-83F primer?]
271 <E 3 o’ PCR producte] Z71& thad 2t}
WT-CFTR: sense (5'-GGC ACC ATT AAA GAA AAT ATC ATC TT-3')
antisense (5'-TAA TTT GGG TAG TGT GAA GGG TTC-3")
PCR product: 145 base pairs
AFS08-CFTR: sense (5'-GGC ACC ATT AAA GAA AAT ATC ATT GG-3')
antisense (5'-TAA TTT GGG TAG TGT GAA GGG TTC-3')
PCR product: 142 base pairs.
AE1: sense (5'-CCC TAG ACC CTC CCC CAC CAT TCC AC-3')
antisense (5'-GCC TTT GCT TCT ACC CCT GCC TGT GC-3')
PCR product: 319 base pairs
AE2: sense (5'-ATG CCG CCC AAA CAC CAC CCA GAT G-3")
antisense (5'-CGG CTG TCC CTC GGT GGC GGC TAC A-3")
PCR product: 317 base pairs
AE3: sense (5'-GGA GTT GGG GGG CTC TGA GGC GAC-3')
antisense (5'-TCG GAC ACG CCC ATC AGC CCC TCG-3")
PCR product: 243 base pairs
AE4: sense (5'-AGC GCT TGG ACT GCC TTG GTA TGT-3")
antisense (5'-AGG GGG AAG ATG ATG GCT GCA GGG GTA GAC-3')
PCR product: 432 base pairs
DRA: sense (5'-TGC CAC AGC CAA CAG AAA AAT CAA A-3')
antisense (5'-GGG GGA ATG TCG ACC AGC AGA G-3')
PCR product: 330 base pairs

-7 -



Pendrin: sense (5'-GTT TAC TAG CTG GCC TTA TAT TTG GAC TGT-3")
antisense (5'-AGG CTA TGG ATT GGC ACT TTG GGA ACG-3)
PCR product: 484 base pairs
SLC26A6: sense (5'-TAG GGG AGG TTG GGC CAG GGA TGC-3')
antisense (5'-TGC GGG GAA GIG CCA AAC AGG AAG TAG AT-3')
PCR product: 456 base pairs

6. 9 FFAA

CAPAN-13 CFPAC-1 AlxE F34d ol wjdste] 540 FAHES
3l % methanol (05 ml, 10 &, 20, CO)& A &lsle] 114 3}aL permeabilization
NZAT. I % Phosphate-buffered saline (PBS)e.& F W AH3 %
blocking &< (5% goat serum, 1% bovine serum albumin, 0.1% gelatin
in PBS, =)o A 1 A17F &<t vjd3st & t}A] membraned PBSZ + H
A #stal CFTR 5ol% ¢dx& 4 (anti-human CFTR monoclonal
antibody, mouse IgG; R&D systems Inc. USA)E blocking £ <ol 1:100
sl Mgk R A 90 E7F wigFStATh WY & PBSE Al W Al A st
o] 2}&A] (anti-mouse goat lgG tagged with Fluorescein; Jackson
Laboratories, West Grove, PA)E 1:1000.2 3|43t &Aooz 1 A7k vjef
sk ¥ PBSE Al ¥ A2 3l Mounting media® cover slipS < &ho] =9
TGN A WA ZH oS Zeiss LSM 510 ¥ x3 dAv 42 #E3H3 T



A BAEZ W7t
8] 71l gisiA] AGskr] flste] 4 #AE BAIE 71990 CAPAN-1#
CFPAC-1 Ao ZA s fu 2
s AF BAEE GU3 S UAEs SAY 2R sixa
9l o m L pARoE  Z=xu a9 M0 poR mE A
ATP® PAR2 2 @A trypsing A3+ 23 CAPAN-13¥ CFPAC-1
AEA ZHEANEE a8t P2Ro] UlZ4=s ZAutol] &89 1,
fo1ue) o

PAR27} &4 9ol wtdshs gl (19 1).

a ATP 100 pM (LM)
1 min
1160 — 1160 ATP 10 uM (LM)
S 580 S 580
g g
= i % 200
:'S 290 s
145 J 145
72 4 72 -_—
ATP 100 pM (BLM)
1160 1160
< 580 S 580
z 2
T 290 - ) T 290
b Trypsin 1 uM §.
145 L 145
72 . 72 4
Trypsin 1 uM PAR-4-AP 100 uM  PAR-2-AP 100 uM
(BLM) (BLM) (BLM)

e

¥ 1. 3 #AEFAA P2RFY PARY Ao ZEA3d d 3.
CAPAN-13} CFPAC-1 A ¥d #HF A4S 71AG ZALoz o] #7F3H Fura2%
ol g3ty ZHEATE FAHIINAU. a, AF AMEAA ATPE biphasic 2% S7HE 2
At b, WA FA4 5 ATPO 93] Zg F7H7F dolwth ¢ Trypsine =
N g T7HE ot d PAR 83 F PAR2 7847 ZH SUME Hust
ast d= CAPAN-1 AlXolM =gl b9} ¢ CFPAC-1 AlXEolA =33t LM: W

(luminal membrane), BLM: 59 (basolateral membrane).

Shs
)
i)

il

il

|

ﬁ
1
2ojo n

32
£

¥

N

o
=
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AFEE (100 9] ATPE WAer Zol Al 73 49 30~60 % 7H
FHi =2 AEW 2 S7HE UEd 1§ Ya XEHQ) 2 SIS Kole
biphasic Z# 718 oAt (19 la). CAPAN-13 CFPAC-1 A%<
ATPel 98k Z4 F719] ECs # CAPAN-19] 7Z-¢- W7duh 3.1 uM =41t
206 M 18]3L CFPAC-19] A% W= 6.1uM A4 199WV=E -+ Al
25 WAgE ZolA ATPOl W3k w2 HEES Btk H 59 PAR
FE&AY A aEa Wy Q3atA Azt A=)
CAPAN-13} CFPAC-1 M ¥+ &A=
PAR2 +8AE SA 1o ‘ﬂéf‘fﬂé}i aAqtt (28 1 ¢ d. 12 PARI,
PAR3 18]3l PAR4 S48-x thrombinell &A= W72z}

SAY BN AE FE FEeA BT (AR HA A3,

2. Zgd A3 HF AAE W% C1/HCO; ng W3}

CAPAN-13 CFPAC-1 M2E T34 "ol A 3~4 d3te] mj s 53
& CAPAN-1 b CFPAC-1
—_— — 0 mM CI (LM) —_— 0 mM CI (LM)
75 2min, ATP 100 M (LM) 7.5 ATP 100 uM (LM)
. .
7.4 7.4 W
B T
a 73 Q 73
7.2 7.2
7.1 ommcr @My 71 0 mM CI- (BLM)
C EMG
T 0.12
< T
5 0.08
£ I
5 0.04 T
o
= 0.00
ATP T ATP T
Control M) (Br!I/.FI)VIS)m Control M) (Br!I/.FI)VIS)m
CAPAN-1 CFPAC-1
a9 2. AYH BFAANA ZEol A% FAE WA CI/HCOs =3 #3 vd Ax
207 ®3¥ CAPAN-13} CFPAC-1 AEolA #FAL 7| Amty ZA2oR ol
#F3etH BCECFE &34 pH W3E A5, CAPAN-13 CFPAC-1 AlxE
BF e ATPe ol AE @7do] Astd e (a, b), 8 A9 trypsinel] osiA &=
AE &X4o] @A 3] f#AastdT (o). + BE 2k, LM: W2, BLM: A4

_10_



2
o

F3le o AES 1FE 2 mini-Ussing chamberE ©]-&3fo] #-7FH

Wesh SAvew o] REEH CI/HC0s wd Wshed Zgatint”
20 ZAT %o CI77h §lE HCOs #RAL A% FeiFa, Wae o
HCOs;~ #7F9e Z8Fth7t Cl-—free HCO3~ TFA 02 npFo] Zg 59
Azzde] Clo7b 3oz yom, Ad % HCO; 7F MEU=E &7t
AZEWe] pHE ol AXEE CI/HCO; ek WS A" o] o mE

ol
o

HFNE 5% COyE ESIAIAA 8ol HCO; 7t dAsA FAHES 3
Atk CAPAN-13 CFPAC-1 Al¥¢ 71% pHE Zt7 7.11x0.063
7.23+0.05010 0, A £ Cl /HCO; g wj$- v eksto] 7hut
Cl/HCO3 3 W3} A 719 3 FA &Furt. AgF el #7

A3k sl A ATPSF trypsinel ¢ 3 CAPAN-13 CFPAC-1 Alxe
Cl /HCO; W& dA3| #Aasidnt (29 2). o]t ATPS} trypsinel 2]k

g CAPAN-1 [ CAPAN-1
100 mM K* (LM) 100 mM K* (LM)
7.6 ATP 100 uM (LM) O MM CI(LM) 7.6 - 0 mM CI- (LM)
7_5_|2min 75'&
7.4 ) 74 7
S 7.3 1 o 7.3 7
7.2 7.2
' Trypsin 1 uM (BLM
71 0 mM CI- (BLM) 7.1 4 rypsin Ll (BLW)

100 mM K* (BLM) 100 mM K* (BLM)

C CFPAC- a

100 mM K* (LM)
0 mM CI* (LM) T 051 3 CAPAN-1
_ £ = .
7.5 -|/2min, £ 047 CFPAC-1
g d
7.4 5 03
= T 021
S 73] o
S 0411
10U o0
1A 20 QmMCl (BLM) 97 Con- ATP Trypsin Con- ATP Trypsin
. 100 mM K* (BLM) trol (LM) (BLM) trol (LM) (BLM)

Id 3. 1= K #RANAN ZgEdd g #AE AL CI/HCOs ng ¥3 u5%
K, (100mM K') #HFHO 7 electrogenic =5 K -coupled pathwayE £3F Cl ol% &
2t 5 ATPS} trypsinel €3 Cl/HCO; w3 Was 5433tk CAPAN-1 Axe] 45
ATP®} trypsinel ]3] ClI /HCO; u3to] dAA3] F71etoM(a, b), CFPAC-1 Mol A &
W7 fld ko). v 2T A, LM: UiZE, BLM: A 9

_11_



_4

Cl /HCO; w3 &4 7ra+e CAPAN-13 CFPAC-1 /‘ﬂ:?_-/] 7
EA3= CaCC7F ATPS} trypsinol] 93 AlXuU] Z <=7}l 4011 %L
Hol A ClIm& AXZ e olsAAH AEE OH olxd CI'7F &

o?; o}m 32 o?L i
i oo o N ok o

wtolet AZtE Ak webA] o9} Ze 7Hg st CaCC¢t CFTR=
electrogenic Cl- ©]%< 2413 100mM K& X338l= HCO;™ &7
stoll A CI/HCOs a#e 24k 2 23 AF508-CFTRS Wasl
CFPAC-1 A ¥oAX+= ATPS trypsinol 23+ Cl/HCO; u3ko] WH3}7}
A2, WT-CFTRS wWddl= CAPAN-1 AEo|Aqt Cl /HCO; xl3to]

<7FekTh (29 3).

3. BAPTA] 9t Zg JA|7} CI'/HCO; 1 gke] mX& JF

a b

CAPAN-1 (BAPTA) CAPAN-1 (H89)

100 mM K* (LM) 100 mM K* (LM)
7.6 ATP 100 M (LM) O MM CI(LM) 7.6 7 ATP 100 M (LM) 0 MM CI-(LM)
Jd. 7.5
7.5 2 min
7.4 74T
. Zrs-
S 7.3 7.3
7.2 729
71 4 0 mM CI- (BLM) 71 0 mM CI- (BLM)
100 mM K* (BLM) 100 mM K* (BLM)
_ o CAPAN-1 .
T 06 100 mM K* (LM)
£ - —_—
£ os 7.5 OmMCF(LM) A5 700 M (LW
g 04
< 7.4
% 03 i
£ 02
g
()
I

1oUl oom ouy *

0.0 Con- ATP Trypsin Con- ATP Trypsin Con- ATP Trypsin
trol (LM) (BLM) trol (LM) (BLM) trol (LM) (BLM) 71 0 mM CI- (BL M)
No Treatment BAPTA H89 100 mM K* (BLM)

1% 4. BAPTAS H-897F Z&d 93 FAE W74 C1/HCO; wFd mX+ F.
Calcium chelator?] BAPTA-AM (a, 50 M= 30 & A 2])3 PKA Al H-89 (b, 30
M 2 1A AAX)E AFREle] CAPAN-1 AlZoA ATPE 1% CI/HCO; 3 #H3=
A5tk BAPTA-AM2 ATP& 1g CI/HCOs w3 45 avaom Fashalon,
H-89% ATPY &3% B34 23t (o). CAPAN-1 Al XA ATPE 2873+ AA X3
A9 ATPel 9% CI/HCOs w3 &4 F7le fldth (). =p<0.0l, ++ Z+22k, LM
Weh | BLM: 244}

_12_



aEE K, HCOy™ 7oA Bzl ATPe} trypsinell €8 CAPAN-1 A%

42 C1/HCOs w8k S717F Zhg o418 whe-dA & A Kr7] f1aiA
Zrt chelatore] BAPTA-AM (50 uMDS- 30 ®3F A28 § a1s® K, HOOs™
TFAlAl ATP}F trypsindll €3+ CI/HCO; w3k WES A3 1 A
ATP®} trypsinell ©J&F CI /HCO; w8 S7H7F A=At (19 4a). BAPTA®|
olgt CI/HCOs 3t A7} Zr w1 A] ofd P2R¥} PAR2 584171 Gs
chils A3A A 914 cAMP/PKA pathwayS S7HA7 dojub= Wkg-0x| =
dolr 7] flaA PKA JAAI] H-9 (30 M )E 3+ A AAH A3 & 50

il

CI/HCO; gk Wgs FAsS o C/HCO; algho]
2 Hehekdv (2H 4d).

a.b.

0 moi Ad-CFTR 30 moi Ad-CFTR
M WT AF WT AF WT AF

. CAPAN-1 CFPAC-1 CFPAC-1+

200 moi Ad-CFTR CAPAN-1 Ad-CFTR

500 = m—
e 400=| ===
300~
200~

100=
bp

2% 5. Wild type CFTRE 233}l= adenoviral vector (Ad-CFTR) transfection®l
°|% CFPAC-1 Al EoA ¢ CFTR ¥&. Ad-CFTRS 200 moi® AF508 - CFTRS 2d
3} CFPAC-1 A3 transfectiond 23} wild typed} AF508 - CFTR mRNAE &5 wdsh=
S B39} (e). CFTRO ™ 3 immunoblottinge Ad-CFTR transfection 48 X7t
o] $&qslR e, R-domain®l 5018 ¢ mouse GUF2 FAE A&l 2 P39
AR Zeiss LSM 510 %75 dAv)AE S o] &3Fo] Y3 image acquisition 3ol A G = A}
(@a~d). Ad-CFTR 200 moiE transfectiond CFPAC-1 Al¥+= CAPAN-1 AlXHT} 14w 22
FAE 9ot (¢ d).

N

o
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4. Wild type - CFTR ®3d o] CFPAC-1 M XA A Zgd <93
CI'/HCOs uZe] v &= J3

CAPAN-1 AlZo|A Heol= ATPS trypsinell €% CI/HCO; ulgh 24
S7PF CFPAC-1 AlZolA= YebA] skl 1 o]f7F CFTR WAl &
ol 7] 98t CFPAC-1 Ao WT-CFTRS & 3l= adenoviral vector
(Ad-CFTR)E transfectiondlx] A& stk W4 Ad-CFTRe] CFPAC-1 Alx%
ol FaHow wEst=AE Aurr] Y| RT-PCRY WA 3I NS
T3tk Ad-CFTRS 200 moi® CFPAC-1 HlXl| transfectiondt ¥ 24
AZE Hel F mRNAZ 9o cDNAE A8t PCRS F-3st 4d¥, Ad-
CFTR<  transfectiondt CFPAC-1 A3l WT-CFTR¥} AF508 - CFTR
transcript7} =5 23 AT (28 5e). =3 CFTR R-domain®l] Eo] % <l
A& A3t Ad-CFTRS 30 28] 22 200 moi®

=

mouse YL F & I

CFPAC-1 + Ad-CFTR (200 moi)

CFPAC-1
a 100 mM K* (1 M) b 120 ";_(.Mc:(*(l-:\;l)
= p— ="
76 7 ATP 100 M (LM) O MM CI(LM) 76 ATP 100 uM (LM)
7.5 7 .
7.4 o,
Il_ —
S 7.3 ] T
7.2 7 ]
i L= (35 7.1 1 0 mM CI- (BLM)
1o mitie GH ' 100 mM K* (BLM)
C *%
0.6 | O3 Control
Eos] S ATP(100,m)
5 04 "ok
9™ .
5031 *
=021 |
o -
] o OO O
0.0 -
None Ad-CFTR Ad-CFTR
(30 moi) (200 moi)

I3 6. Wild type CFTRY #&d <3 CFPAC-1 Al¥¢ W79 CI/HCO;s E
% 7F. Ad-CFTR transfection®] &J3]4 ATP Al=9l 2]3F CFPAC-1 AlX W7 Cl /HCO3
wslo] 78Il Ad-CFTR 200 moi® transfectiondt 7% ClI/HCO; x3ko] Z7}3}d
(b, o). *p<0.5, **p<0.01, + T+ 2}, LM: 7=, BLM: =%}
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CFPAC-1 A% transfection® 5 48 ARE o) jd e 53 At Yol
Ad-CFTR®] ol wul#lste] CFTRS] W@l Z7hets a2 walth

Ad-CFTR 200moiE transfectiondt CFPAC-1 Al¥3= CAPAN-1 A|¥Xt} 140
22 43S ulo] CAPAN-1 A ¥R 93 w@e <ko] CFTRS B‘qﬂ_@g
st (L9 5). o] 24 A3 AREgH Ad-CFTRe] A4 o= CFPAC-1
Ao A wHEske ghelslgity. AFS08-CFTRS w&lél= CFPAC-1 A3
WT-CFTRE #3d3+= Ad-CFTRS transfectiondr §& 1% K, HOOs"
BFdel A Cl/HCO; n3He =43 A} ATP Aol 284 CFPAC-1 Al %
W= CI/HCOs L 3te] AA F7hstth (23 6). wepA Z 4
ofg HAF #AAE WA ClI/HCO; 3 Z7kel CFTRe] % <23

=

+5 ¢ F ANtk AR CAPAN-13 CFPAC-1 Al%7t
7HAAL 9l AES] oFge] v Zleolal, Aw¥ CFTRel efsir 2do] =4
= AE ofgel EAlE = 7] witel, o3t dde TAAeR dY
L 7t AIZZF 7HA AL Sl AE obg ) 7

ofg el ZEAlzel Wiek wheE Ay E Y.

5. #A A BAEFH A 3= anion exchanger o}F A
CAPAN-1¥ CFPAC-1 Alzzel EAlst= AE otd S A3t 9alA
Aw7hA] de# Rl =2 CI/HCOs w3t 7]55S 7FA 3L = SLC4 family©ll
%3} AEl, AE2, AE3, AE4 23 SLC26 familyel 43+ DRA
(SLC26A3), Pendrin(SLC26A4, PDS), SLC26A6 (PATDS tiito=
RT-PCRS F338t9ct ™ 1 A3 CAPAN-1 A|¥X%E AE1~4, Pendrin
23l SLC26A6S @391, CFPAC-1 Al¥E AE2~4, Pendrin ¥ 3L
SLC26A6E &3ttt (2¥ 7). CAPAN-13 CFPAC-1 HXE EFolA
DRAS w&e ¢lglom A oz T-84 celllA] DRA7} @& 3hs
gHolatgith® CAPAN-1 A XA vk wrd sl AE o} AElo] Jdth

6. AE 3% & AEFAA ZgAsd 9% CI/HCO; 3 HF

CAPAN-13 CFPAC-1 A4 2&3tal 9l anion exchanger ©}3
AFE1~4, Pendrin 18|31 SLC26A6E human embryonic kidney AJ3<!
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HEK-293 |39 Lipofect AMINE ReagentE Al&3te] 2z} clones
transient transfectiondt ¥ 48~72 A|7F %o Cl /HCO; u3-& A3t
o] W] HEK-293 A ¥Z 6 well plateo] cover-slip2 % il I 9o &
FE 2oA FF <k sSEGe. 1 & Z) cloned 1pg X transfection
stttk CI/HCO; 3 542 HCO3™ #FHAS AFE3te] o] Fojxom,
HEK-293 M ¥ #Al= HAA CFTR &4 293 Cl/HCO; 1.3k &4 o]
A9l glow, ATP A=l 9aiA CAPAN-1¥ CFPAC-1 A 2xze} o
i =2 g S7He et kA HEK- 293 AlEE o] &3 A AHlS
AHE3A CFTRS WAl Zrgell 9§z AE ofd ¢ Cl/HCO3 3t
HelsE ST 5 Ak HEK-293 Al Z} AE ©}3 S transfectiongt
A3 ATP A=l 984 AEL, AE2 18|31 AE3¢] 93k C1 /HCO3; 3t
Aol Z7k= basal CI/HCO; ngho] w3 fo&dwtdt WMas Kol

_

il

a

CAPAN-1 CFPAC-1
400 bp 400 bp
300 bp 300 bp
200 bp 200 bp
b CAPAN-1 CFPAC-1 T-84

a9 7. CAPAN-13 CFPAC-1 MAXdA wd3}E= AE o}F. CAPAN-1¥ CFPAC-1
AZERE P& cDNAZS o|&3d RT-PCRS 33 A3 CAPAN-1 A¥E AElI~4,
Pendrin 2] SLC26A6E W& a}¢li, CFPAC-1 A ¥ AE2~4, Pendrin 181
SLC26A6E Z&3IAT} (a, b).
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gkt 18y AE4, Pendrin 18] 31 SLC26A6-> ATP A=rol 2] ) Al
CI/HCOs gt &#74d9 T7Fs Yeung (29 8). =& EE AE oFY
o /] basal CI/HCO3; %2 Mock vectorg transfectiond HEK-293
M EZ 9 basal C1 /HCO; 3R 3~64H] AXx F7lstAth (29 8b).

a Mock AE1 AE2 AE3

7.6
7.5 44—
T 74
Q
7.3
7.2
7.1
0mM CI- 0 mM CI-

ATP 100 pM ATP 100 pM

=3
3
=
Q
o
3
=
(2]

ATP 100 pM

>
=
o
-
o
=3
=
=

AE4 Pendrin SLC26A6

PH
-
S

0mM CI 0 mM CI 0mM CI

ATP 100 puM ATP 10 ATP 100 pM

=)
=
=

b 3 Control
3 ATP *%

0.5 4
0.4 4
0.3 - *
0.2 - I_‘
0.1 4 dj
0.0
AE3 AE4

Mock AE1 AE2

*%
P=0.06

HCO;" Influx (ApH/min)

Pendrin SLC26A6

ad 8. Z+ AE °lgo] ZrEdl 9% CI/HCO; m&o] wlxe 9. CAPAN-13
CFPAC-1 A Zo]A W33t anion exchanger ©}8& HEK-293 A3l transient
transfection ¥ 48~72 A|zF FHol| Cl/HCO; ¥ A4S =AH3AY (a). AE4, Pendrin
a8l a SLC26A67F ATP A}l o]s] HEK-293 Al*¢] Cl/HCO; ng A4S Z7H AT
(b). #*p<0.5, =#p<0.01, 71 FFLA}.
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E3] CAPAN-1 Mxo|Art #8353 = AE19 49, CAPAN-1 AlX
oA Holz Zrgol o Cl/HCOs wsk S7ts 7P 2 A9d 5+
anion exchanger otfd o2 7]t A, A vk 2AA ATPo <
Cl/HCOs; 13 ®W3& 4 43 Zgol 9% Cl/HCO; 3t
7k ik webs A g7hA 9 AaE A9E vl CAPAN-1 Al A]
HEE = Zgel 93 CI/HCO; n#k 24 F7k= CFTROl o3 =4 <
7hedel Avar B 4 Qv 29 Tol A BoFI gk wt
HEK - 293 A9 anion exchangerE transient transfectiondt W+ o

WT-CFTRS 2 d3l= PCMV-CFTRS transfectiond 3 ATPel
olgt CI/HCOs 1%k WistE &3t A3 basal Cl /HCO; 1L3kel] Hla| 3 H|
A F7heFdth
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A AAEE H 140 mMe] TEREFC] 1 EE E3E e A A
Fulety | FebakY o] BH]E mucin pluggingol & 3 F@o] whs] A,
astas ddo oa] FATe]l E4EHeE AS WHETE @A olg 1
T TEAA 74 71ddes A F A 7ol 8 Aol A
Ha dh A CF Aol Box] = g AlHe Feitd 243 d4=
S3 CFTRol &4t Eulo a3 93 3 Aolate A1 =4
A BAE WA AE7E A SEAEE EHlell lo] Aolx 70~80 mM <]
FEAYG EHE JbeeA @ 4 dvke Blol 2 Atk ol A2 B
Ha 9= CFTR 2@d oJF&49 ClI/HCO; 3 Ao thdk A<}
CFTR 9&4 > Q3%

TEANE FH7E A 7EA 9] patency A ol

71%5S st Juke g AT Axkel & B
A=7kA CEFTR 9&4 S84k dle digh %2 AF52 secretin
W += vasoactive intestinal peptide (VIP) Sl 23 AX W cAMP <7H7}
CFTR¥ ClI/HCOz %t &Adol ojm gt J3Fs v A=A thalir F=

A slar Atk T cholecystokinin (CCK)¥} acetylcholine 7o) A 3E

as S7AZE 7 Ade oEo] Ay T BHE S7RAIZITE

TE AAA M0 Ao ot Febalel Eulo] g Exp7]Ho|
o

L] &
Gl A9 geld b ik mebd B Age B4 adAe o9
A BAL NP FUAD Bolo] O BAAE WAH 7 et

Al sk CAPAN-13} CFPAC-1 Al¥ = permeable supporterol] A
3~443teY] wigE TaEl Ay SAom ks EstE AEHSVI
ol AA A BAAZAA dojves A4S Ho & Ued F de
13 ot} o5 A #MEF BT PAR2 8478 S 42wt
Eil UAANTH= Aol Aol AFES Al27F 4438 38 AxA =

T Aol A ATP}

‘u

al
BolFEt (29 1) KCI& 5 mM %38t HCOs”
trypsinell &siA A4S WA ClI/HCO; 3k &4 238 ATPe
trypsin AF=ol 9| g Zg F77F WA CI/HCOs nd S-S fha
TEANE EHE YAsteE AAYE BAo (2" 2). sHARE o] A
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CI/HCO; nghs 437 W¥o] AA A% wAlze] dojut
HH] W= g R CL = Al bellA BFe = 12l HCOs += Aﬂ
tom olFstvl yEd dFew AW ¢ dd. =

we F4 GA] Cl7F Al o] dsk® EAjsta /‘ﬂi ﬂ‘%"oﬂ%
Cl7F sl A8+ &7] Lol 2

rir
ofy
(.
>
uiss

Q
hus

z

2

>

& 7kl 9lalA CaCC7t &4 315 of
AEEZ %3 ol%d Cl7} o] CaCCE %3 ol&5dr wioln’
gy A #H BMEAA AEE &5 Cl & AHE HollA] ¢to = ga

d
HCOs; = A E QoA Hro® o]5alr] ol Zgoll o3 CaCCe &4 &
T #HlE ST & U 2 A4 A= CFTRel Y CaCCE
3 A7 ARJ] Clolss e F dA7]F/d2<l Cl /HCO;™ w3rks
ZA35t7] flalA 100 mM KCIE #3eh= HCOs™ #7943 AH&38sitt
ol WT-CFTRS %dsl= CAPAN-1 A3 oA ATP A= <3
Cl /HCO3; 13- basal Cl /HCO; 1w gHT 164% S 7FskA 3L, AF508-
CFTRE sk CFPAC-1 Al2EolA= Cl /HCOs 132 basal Cl /HCOs
a ko] HlsiA 27% F7FsGivh (29 3). CAPAN-1 AlZo) A vERd ATP
A=l o]k CI /HCO3 13 5717 ATPS}F trypsinell && 7 Al
Zrg oA E 2lstr] H8l Z¥E chelator BAPTAE A3tk 1
A3} ATPS} trypsinel &3k CI /HCO; w3 Z717F A5 Ak =3 Gs
S @Agtel o3t UAA < cAMP/PKA pathway s S7HA1A Aoy
A5 golr 7] 984 PKA SAIAQl H-895 A2g 22 Cl /HCOs
7Fe A9 JAlskA] etk o)A CAPAN-1 AlEolA Hojx|=
ATP®} trypsinell ©]gt C1 /HCOs w3 F7h= Zgol ofdl] A JF iHes
el & 4 ATk (17 4). 1831 CAPAN-17} CFPAC-1 Ao Al 2ozl
ATP A=l ok CI/HCO; a3k Wst7h CFTR Wl A] Zolr 7] 93|
CFPAC-1 Al¥o] Ad-CFTR< transfectiond A3} 200 moiol A basal
ClI/HCOs; 3BT} 246% <7Fetdth (L9d 6). Ad-CFTR 200 moi&
transfectiondt CFPAC-1 AlX= HYHFAN 23 CAPAN-1 AXEETE 1.4 1)
B S e o] A Aol oJg C1 /HCO; w3k S7F Axehe %
At (CAPAN-1: 164%, Ad-CFTR CFPAC-1: 246%). ©o]*e] Ax= & uf
A7 BAAE WAl A Zgol oF FREE Elel gl CFTRe|l +8.3
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SRR el 2lo] CFTR¥ #o] a3k o3 okal Sle
anion exchanger (AE)7} Qith weha] AE o}go] Z}zke] A|azef of
A=A} ME Zr STt o3l 7t AE oFe] ClI /HCO3 algto
He=AE AuEololt gl oJgk CI/HCO; w3k 37F 713S Sul2 oa) st
T 7] wiEell AE oFddell digh AES skt 1 243 CAPAN-1 A2+
AE1~4, Pendrin 18] 3 SLC26A6E 2&d 33, CFPAC-1 AX=
Pendrin 12]31 SLC26A6E &35t (19 7). AE o8 5 A
CAPAN-1 Aol Solx o wgsta U=, ATP 9§ Z4 Sk
AE1°] CI/HCOs 8k F7tel Ao daks FA Xty @A 2F A
BF detal e AE4, Pendrin Z128]31 SLC26A6%e] ATPO 9]gt Z<%
Z7kell 98] CI/HCO; dte] Z7tatych wabr] o5 olgSo] Alxy)
So]| o8 1 FAo] 2HEHE AEY 7HsAo] AW, o]Eo] CFTR
| @ o] STk AY 52 Aol FUtH Al T ATl A
& Ao e,
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—

CAPAN-1¥} CFPAC-1 AM¥oA ZH215E F23)
I FAE 25 HE3 A, PAR2 &A= F4

2. 1% K 3 @Fdols ATPS} trypsine] 93k Cl /HCO; 3k WH3l=
=435 Ay CAPAN-1 A EE ATPS trypsinedl 98] Cl/HCOs;
w3lo] FA 3 F71eR o, CFPAC-1 Al £+ HA37F §l3d).

3. CAPAN-1 M 2% Calcium chelator?] BAPTA *2] & ATP=Z <lgh
CI/HCO; g W3ts =43 Ay Cl/HCO; ng F77F ga3xos
A=A, PKA JAA|Cl H-89= ATPZ 3%k Cl /HCO; 13 F71=
A Al skA skt

4. CFPAC-1 4|39 Ad-CFTR transfectiond Z3} ATP A=l <& w7st
Cl /HCO; nlglo] Z713tiem, Ad-CFTR 200 moi® transfection 3+ 74 -$-
basal ClI /HCOs M &H T} 246% Z7}+3t ] th.

5. CAPAN-1¥ CFPAC-1 Ao wdsla d+= AE o3-S RT-PCR&
FalA et o, 1 A3 CAPAN-1 AMXE= AEl~4, Pendrin
13831 SLC26A65 &3, CFPAC-1 A& AE2~4, Pendrin 18] 3L
SLC26A6Z & &)t}

6. AE1~4, Pendrin “18]1l SLC26A6S HEK-293 Aol transient transfection
T Az 9% AE &4 HslE A3 23} AE4, Pendrin 1281
SLC26A61A R ATP A=l 93] Cl /HCO; uL3ko] F7}skith
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Abstract

Role of calcium signaling in pancreatic bicarbonate secretion

Wan Namkung

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Assistant Professor Min Goo Lee)

Pancreatic duct cells secrete bicarbonate-rich fluids, which are
important for maintaining the patency of pancreatic ductal trees as
well as the intestinal digestive function. The bulk of bicarbonate
secretion in the luminal membrane of duct cells is mediated by a
Cl —-dependent mechanism (Cl /HCOs; exchange). In the present study,
we provide comprehensive evidence that -calcium signaling also
activates the same CFTR- and Cl -dependent HCOs transport. ATP
and trypsin evoked intracellular calcium signaling in pancreatic
duct-derived cells through the activation of purinergic and
protease—activated receptors, respectively. Cl /HCOs; exchange activity
was measured by recording pH; in response to [Cl-], changes of the
perfusate. In perfusate containing high concentrations of K', which
blocks Cl movement through electrogenic or K —coupled pathways,
ATP and trypsin highly stimulated luminal Cl-/HCO3- exchange
activity in CAPAN-1 cells expressing wild type (WT)-CFTR, but not
in CFPAC-1 cells which have defective (AF508) CFTR. Notably,
adenoviral transfection of WT-CFTR in CFPAC-1 cells completely
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restored the stimulatory effect of ATP on luminal Cl /HCO3 exchange.
In addition, the chelation of intracellular calcium by BAPTA treatment
abolished the effect of calcium agonists on luminal Cl/HCO3
exchange. Among known anion exchanger, AEl~4, pendrin and
SLC26A6 were expressed in pnacreatic duct cells. Cl /HCO3 exchange
activities of SLC26 family were activated either by ATP or trypsin
treatment. However, none of SLC4 family except AE4 were activated
by calcium. These results provide a molecular basis for calcium-
induced bicarbonate secretion in pancreatic duct cells and highlight the
importance of CEFTR in epithelial bicarbonate secretion induced by

various stimuli.

Key Words : bicarbonate, CFTR, anion exchanger, calcium signaling
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