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Swelling-activated CI' Channels in Human Salivary Gland Acinar Cells
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The role of CI' channels in regulatory volume decrease
(RVD) in human salivary gland acinar cells was examined
using a whole-cell patch clamp technique. Human tissues
were obtained from healthy volunteers or from patients
with oromaxillofacial tumors. During the measurements,
K'-free solutions were employed to eliminate contamination
of whole-cell conductance by K' currents. When the cells
were exposed to a 70% hypotonic solution, outward-rectifying
currents, which were not observed in the resting state, were
found to have significantly increased both in human labial
and parotid gland acinar cells. The amplitudes of the
currents were reduced in a low CI bath solution. Further-
more, the addition of 100 pM 5-Nitro-2- (3-phenyl pro-
pylamino) benzoic acid (NPPB) or 100 pM 4,4'-diisothio
cyanatostilbene -2,2'-disulphonic acid (DIDS), known to
partially block CI' channels, significantly inhibited these
currents. Its outward-rectifying current profile, shift in
reversal potential in a low CI” bath solution and pharma-
cological properties suggest that this is a Ca“—independent,
volume activated CI current. We conclude therefore that
volume activated CI channels play a putative role in RVD in
human salivary gland acinar cells.
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Regulatory Volume Decrease (RVD) 2L
1418] sh]l elelAle] 79, Bl HalA] @
o] AZUZ wiA gk g Alze] BFul
sHAl o %“‘ e odEFT 5 dAL, ool o]
ok o] R T ‘371 e o= HEelA i
o] A %ot
7, Al (lacrimal gland) 12|32 }Qﬂﬁi—% 25
Al(exocrine gland)?] UFo|H, o] 5 F5 2 ]
A| 2 (absorbing and secreting epithelia)® 4= SlaL
o5 R4 E]EP’H-‘H G A EE=do] v
6}74] oJofutct, Eloliu]E Fx712] 484 (Nakahari et
. 1990) = & XW T&xﬂ A=o]| 2Jal] frEEeH(Kim
et al., 2006). Foskett JJr Melvin (1989)y Ca*'2} A% 2
o] At #AE ¥ w8, Nakahari 5(1990) 2+
74171 whole glands A&k skl A gollA] ofAEEF
glell oa] CI =3 daldl Alze] 50| dojudria
stadrt. RVDAell= K d= #oddl=s], Moran®} Turner
(1993)= AHt EflAl =3 AZFE o] 83l Aol
carbachol x}=oll ]l RVD7} Hats]w] ofuf] K' xdo]
Foddhty Sk, Park(1994)~ TAlolA RVDA|] Z5
o2 K Ado] FAsEL ¥ w3l vl 9} AlFW Ca®
o] RVDe} wAjgh #&do] MDI{— B glevk(McCarty
and O'Neil, 1991; Montrose-Rafizadeh and Guggino,
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1991; Negulescu et al., 1992; Speake et al., 1998), °]+=
AlZo] Ffol wet ztelE Holi elefAlolAo] ke
o}z EHw 3lch(Foskett et al., 1994).

2% CI A 57349 NaCle] 43k Z27]eh
(primary saliva) Aol Hofsle wi-¢- F83 o] &
Fo|Auk, 2 FH7F oieFele] #d olF o™ CI A
o] 5 35 she=r| EEMISI. o tulAl AbulA Eof
Al A7 AzEET7lel ol EAskEe 5 CI Al
JZ+ CIC-2, Volume Sensitive and Osmolyte Anion
channels(VSOAC), 18] Ca’'-activated CI" 4 S|
7&=]3L 9lch(Kotera and Brown, 1993; Strange et al.,
1996). E-5=Ao| Hodsl= CI A'd (Fatherazi et al., 1994;
Arreola et al., 1996; Park et al, 1994; Park and Brown,
1995; Park et al., 2001; Majid et al, 2001)&] ko]
e, A7e] 9ol Sddor BASHEA of
Uul, olF Fu CI Alde] 4% nsldoz gsiel
RVDE 84171 ok wsiaul g7] il o 8
© Qg Waw b & QAo AL ARt Eial Al
ZA|Z7} Alxzat AR sl 23, volume activated
Cl Ade] 438t ===, 22| gkl FA3skecb, o]
wl 715== CI Ao A7), ofgjshy 542 ofwgiAl
T Bk shelct.

Al
=

ok

T

ARz AR Ee FosoE ol o) AA
2 el AZFo] AR FApRFE EliAl 22 S
o] X7k o]lfel] Al Z He2l5 Aledsisi e, o] Ad2 A
<k AzhEele] <drwelilel flelsle] Selstl
=] H(CRI06002). Trypsin, collagenase ~L2]3L trypsin
inhibitor7} #7}¥l Ca*-free HEPES &9 (5k] (mM):
130 NaCl, 4.5 KCl, 1 NaH,PO,.2H,0, 1 MgSO,.7H,0, 10
HEPES, 10 HEPES-Na, 10 D-glucose; pH 7.4, giving an
osmolarity of 290 mosmol/Kg.H,Opll4 14]7-5<eF 4
Azl W ek F W A 3L chie] ALz e
3 Holem (Park et al, 2001), o]$ 2|5 Akghe] ©hel
ElellA] A ZA|Z 4] whole cell patch clamp #H-S-(Hamil
et al, 1981) ©]&3l Alz=e] o] 2 AR5 FA3I30rt. 4
Ab WF-gol2 140 NaCl, 5 KCI, 1 MgCl,, 1 CaCl,, §
HEPES, pH 7.4 (pH adjusted with NaOH), osmolarity;
290mosmol/Kg H,02.2 FA=E g em 443 CI A+
n}S- 7]E3hwl = NMDG-CI bath solution (140 NMDG-
Cl, 2 MgCL, 1.16 CaCl, 5 HEPES, 1.34 EGTA, pH 7.4
adjusted with Tris base, osmolarity; 293mosmol/Kg.H,0)
& Agsigsh AR B4S sel] Sda Wz e
F52] CI bath solution(14 mM)y& AFEslgom, o] &
oo 242 th23} 7}, 130 Sodium aspartate, 10 NaCl,

1 MgCl,, 1 CaCl,, 10 HEPES, 10 glucose, 15 mannitol,
pH 7.4 (pH adjusted with NaOH). Pipette -2°H2] A&
K" AFE AASL CI whs A=Az 715317] 93
ot 2 glle] AREE AT 20 NaCl, 110 Sodium
aspartate, 5 Na,ATP, 5 BAPTA, 10 HEPES, 10 D-glucose;
pH 7.2, Osmolarity; 303 £ 1.4 mosmol/Kg.H,O(n=3). 5mM
BAPTAE 78t Ca™ 2l=A|24] Ca*-activated CI' 24
= JAR7IE s gt 3 2E AR 8o 7
$-= NMDG-CI bath solution®l] S5 A 7}ste] A4
FEEel] wlsl e 70% o AN F=) HES St

mA ek AdEolA Axe; o] HAFE dEHoR ]
EshdA] odE 5] shedl AW, I v TR A
A4 WFENE o] 83l Alxo EFE T7HITIAL, o
ulf &2 w3lol] ol CI 2do] B3} ==, 28] o
A3 I Ao A7), <R3 SAs Tsisdct. Whole
cell current= A|ZIH(vibration free table) Aloll A== &
z dn)7d (olympus, IMT-2, Y2) A|ofol|A] BhlA|z 2
g 7]Z=]3ic}. 7158 A5-2 microhematocrit & -2
(Chase =1 ye o]-8slod 25bA] A=5#)|27] (Narishige, PP-
83,9 )E A o] 2-5MQe] HEE AlFfsle] ARt

7154 A=S patch clamp® 537](Axon instrument,
Axopatch 1-C, »]= )l 9173+ & oscilloscope 25}
Al FAlol PCM module(Medical System co., ®]=)
= sl Bl 7HL el 71538ked Al ARES
At 44|+ pClamp(Axon instrument, version 6.1,7]
=) softwareE ©|-&sklct. AlEH] Ao 7152 A
Ak -40mVE ska £ o2 +60 mVe} -60 mVE
W57 A ARS Ssec ZHHo® FYvh. =3 5w
of o3l AstEl= AR S dokir] $J4 Pulse
protocol> -80 mVE IRt 2 Flo] 20 mV ZHAL
2 -100 mVellA-E Fef +100 mV 74A] S7HA]3 o
2o AR ARelA A=

2 o

Z7] e} (primary salivaye A= A1k Bl Al
X AEE AgA ool 2E2AIFE wl, eleltv]e} 71
A3 AeS 2 e O AF7F A3 =ex] A
B, =g o] Ao Hr)H A TrEsisich. Fig. 1
< AJA (biopsy)e &3, Al el itz
A7 AEfelAle] dEal 9] (labial gland)e] AlEA)
FollA od&= oz 7183l whole cell currento]ch. g4t
glofl A= w2 Z27]¢] leak current Tho] AE |
uk, 70%2] A gollol] FA7W o] HF= AAE
FAshe|etr) oF Sito] Zabe 8, eeke) ek A
25 2] AskEwA Fd) oF 1.4nA A=A
7. aela olwl o ek AHFrt 7Y A4St
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+60mV

5BAPTA
5 ATP /

Hypotonic (70%)

-40mv
-60mvV

1nA

1 min
Fig. 1. A typical volume activated CI currents from the dissociated
single acinar cells in human labial glands. When the cell were
exposed to 70% hypotonic solution, both inward and outward cur-
rents were slowly activated. The maximum current of 1.4 nA was

observed 6 min after hypotonic solution, which was immediately
blocked by 100 uM NPPB, a CI channel blocker.

AelellA CI &2 3 <AlA]l 100 uM NPPBE

il A4 Aol A o] A= oAl A=
o} olEdt AR A Gol|x] AlEZIPH ol o3|
W o] Af{7L CI ARYE Hallsrt.

Fig. 2= Akt oJshal AlZA|ZoA] 753 A-FEA,
EfelAl Foko g qldl] o]siAle HET 3RENH AH
gk Aolrh. Algk AEllAl AlZA|ZRo|A 7] 538E A3
ARAl A7 Ellol] =2A171W CI A7t SA3sk=c
o AEloME - 22 Z7]9] leak current Hko]
5] 2]=H(Fig. 2Aa), 70%9] #1734 &lel] 2241714 CI
AF7F A48 EAdsks]7] A=kt Fig. 2Abe °F 64
o] ZAFtglaule] Ao Z7|2A Al vls| 2w 5
7H e & 4 dem, ofF oAl of 3.5¢e] A
= W ok g ARrh =F 2A s
Fig. 2BE Aoll4] ZAE A& ab,colld] AAHGGS Fo]
ol 7|55 7o FeF HolFdl, Al7ke] Aol
ukel Aqrt AAE Sk As & 4 9lem, Fig 2Be
= A¥A43l volume activated CI” current®] profileo]ct.

Fig. 3v = t}& o[l AlZA| XA 7|53 AHF=
A, ARA ElollA] olw] FAsHE AFe] SA4L T
3l ®okeh A EdellA ZAskE CI e A28
SAs 42 O 5= #Fdoz thxr|7| AFe] 2

o 32 nt (i

(A)

+60mV
j C
L -40mV —

\—Wmv
a5 Hypotonic b
—/ 1 | —

(B) mi

1 min
100mV,
0.5s
-100mV ~S0mv —‘ 1nA
c
a b

0.

Fig. 2. A typical volume activated CI currents from the dissociated
single acinar cells in human parotid glands. (A) When the cells are
exposed to 70% hypotonic solution, both the inward and outward
currents were slowly activated. The maximum current was observed
roughly 12 min after hypotonic solution. (B) The current profiles in
Fig. 2Bc shows that it is a typical volume activated CI currents.

o A7)7} 3Es= e BT F AQlth(Fig. 3A). L
2o ] gy AFrt 245k Aelold F TRl CI
Ad AAA|, 100 uM NPPB} 100 uM DIDSE 93]
Hokrl, Fig. 3AclA] M= ule} 7re] NPPB9} DIDSE
2T o] AFE FElo] Ak, washoutrlol+= 3]E-
] 2 gelo] AR EmE 70%olA 50%E S
o] Fu H§ & U AFIF PAE= oz Hol
o] AF7} AxgA Wzt o3 &3} =He AR
ohA] gk 3Rl ok Fig. 39 BeF G oHgAF
©), ARA lollx] A3t (@) o AFHE
Alolel, Fig. 3C= F+ 7 CI AF A4, NPPB2}t
DIDS7} 98k 3 U3y AR5 A= A=F =%
2 ¥4 Zolth. NPPBE RVDA| @43hel <3AF 2
W75 77t controbll B8l 0.79£0.04 (n=3) % 0.74 +
0.12 & 7&A1Zth. DIDS 4] 9gdf75 0.78% 7t
ZAIF o, gk frol tigh JAlaste A=A ok},

olAke] Azl= Ak gl A E AlZHh% volume acti-
vated Cl channele] 7|53 o8 &3l Qote S Hof
Tk Cl 9 F= WHsjol] upE At 27|74, PRS-
ool osmolaritys 5ol v BAslEl= B4, 2|
NPPB % DIDSe| ¢J8l] F-taloz A== ofzjebs] &
A & o] Ado] Egol o3l sk, T vIelEA
o]al AlXZ B-fol 98| BAsEl= C A oIS delierh.

77h s e A4 CF §olom whpelFel AR
i
=

=

o o
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(A) Hypotonic(70%) (50%)

: .
low CI NPPB DIDS
— ———— —
—
1 min
(B) ©)
- ! 0.79+0.04 0.78
15 z
-100 Em(mv) T o " ? N N
% 100 ~= \ \
. . 0_74io_1§ 1 &
_ NPPB (100pM)  DIDS (100uM)

Fig. 3. Characteristics of volume activated CI' currents in human parotid gland acinar cells. (A) When the bath solution was changed to the
low CI', the amplitudes of currents were significantly reduced. The activated currents were inhibited in the presence of 100 uM NPPB or
100 uM DIDS and they were further activated by the exposure to the more diluted solution, 50%. (B) Average I-V relationship of the
currents(n = 3), in resting ( O ) and volume activated state( @ ). (C) A summarized result showing the inhibitory effect of NPPB(n=3) and
100 uM DIDS(n = 1). Open and scratched bar indicates the outward and inward current, respectively.

2]

nEtg AHA= fura-22 loading A7 “FAlollA4{+= hypotonic stress?|, Al

ElolA] A ZAZE A4 Golo] =FA]7|H, AlZ7} T
u]a Folo] kAl Az B-Fo] A (RVDYF W&
Hh(Park et al., 2002). ©]21gF RVDE A2 29| &
=) SRR ol& AlEM AR EAE Zge] Al
FANE felsa m3b Alxzuke] Zgro] AlxulE f9
= Aspolct, A2 ZgsE Fohe AzbEes At
RVDHr} Ads)4 #ak=]7] wifoll Al¥u] Z4-2 RVD
Al w$- F98k 3S & o o rk(Park et al,, 2002).
AA & 748 Ca’t A9l BAPTAE AA X5l RVD
7b AR okerh el o pAlolAE AlEZ s3]
ofel] Az 2o Fxrt Sk 24 o249 Ca-
activated K* % CI' zdo] A3} fluid7} whA 7+
074 AlxEFo] 74T 4 ek (Kotera & Brown, 1993;
Park et al, 1994; Speake et al 1998). 3}A|ut ZFE|AI=

I s 7P F 3R] Q48kek(Elliott, 1994; Speake
et al 1998). o= A|lZd Zorsx S7PF Sadoz v
A AZARA R H-A WA Z3l7] wieelzka )4
o g qdAm, Zar oA Alde] obd T ohE xdo]
RVDel #oJd 7hgAdo] Qa5 AlARsl ot A= A
I Zpe] wEe dee A o8] X<EE]R] Kghet.
E AEE Al EllAlell4] RVDA] Z4r v]oE4 A
o] EAIsh mal FA3ETE A HEE HoFelnt
2 Aolx] 7185 Ao} 245 w124 Volume activated
CI current 2= S7= ofliel 2o}, AR 2 A4
+ whole cell recording A] K" 5ol 23t 2935 ulA]
317] $4ll, Pipette §4<] A4 K™ o] ¢l CI uks Al
g5 oz 7]5317] 9k &do] AREE Gt mal Ayt
o] CI s=5 Y5A =14 Ao 27|7F 743t
3, AAFIqe] ohuteko 2o] o]Fo] A= e o] HFrL

L
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Cl sl &3t AU HojFrt. 52 NPPB} DIDS
= 5=l Cr A °4x41z4l°‘°l Z oA gled), o] F
[e]
3

frolalA Az R wsll ) opr]E CI

HAFZ 7HEAZ 25 NPPBe| oA a3 ZElalA

9l labial glandsoll4 o H3lo] 3a=]Qc). =t oh]z}
o] Hf+= /‘ﬂi4 %74 Az} wldlslA SrkEd. &
5 E 70%N4] 50%E 5ol Eﬂ
WA XJJET } A= Ze2 HolFig. 3A) ©f
F7h AZEE #Hslel] odl] FAske]= ATl o
ghil ERIAA Foet. o) ake] Azl At EllAl AlE A
2ol = volume actlvated Cl o] &Al5p 7|55 ut
Agrbe Ae BoAFola, dog o] Crade 5=
A3t A Az AlS A3 71 2 s 7)ol #
3 ALl A7t 2T Aoeg walrt,
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