X. ZANVAT7ITFEEROSHE LR
A2 S RAR—-MCRIZTE

AARFEZRBE —NE2 BE ®



EAL 1 2 EERENERRAEMYE (ERRSRETHAERX)
Uiy 7Nt ZEEGREDFIEARES, URAREICBE T 2R3
SRR

TANVLPNTE FORBELEAF L PV AR—-PCRIETRHE

MERE

SEMEE BE @ HERKEEFRE -AREL

PwONT ZERBEOSECEDDARBRE LT 7 ANAT LT R (FA) B& b,
ABEMEORERFTH 2ERENRBYED -2 LTHELLONLTWS, Tl L FEH
RIZTERICBIZRAANROE—EHBMTH D, HWEEBEOEDHIC FA LLZ2KEL
BAAY M AR P THREBEBRE LE, N—FLARELEY FORE RS
L Ussing Chamber (23 & L. Voltage clamp {E% A WWT Short Sircuit Current(Isc),
Potential Difference(PD), Conductance (G)ZHIFE L 7=. ¥5IEMAIIC FA % 0.1ppm,1ppm,
10ppm BEEHML. Isc ODELZHE L7z Na* channel blocker @ Amiloride, CI
channel blocker @ DIDS, DPC ZHIRAICR S, 10 &I FALOppm 25 L Ise @
Z&AE L. FAlppm Tik Isc OELIEAH0T, 10ppm TRIRGR 4 2tE—7
LB Isc DRIIMA SNk, Aniloride I Isc DEINIEEE 522D 57 DPC, DIDS
i Isc OWEINEME L. AL D FA K cAMP DESEDH 5 VIR PKA ZIGHEML L,
T MBEA Ca™ B & 2 CI WOIEICE ST 5 RS E R s hi.

A. BFZREK)

3w N RfE{EB¥ (Sick House Syndrome; B F
SHS)YDIFIEIZ DO 2 FMER & LT 72V ALT I
Ft ¥ (Formaldehyde; 2L T FA) BHh. I8
FRBORERTTH HERENHBMEDC D
PLTHEZONTWS, £, ThEHAIREX
WEOBECES T2 LERBIN TS, R
¥ S BRSO ST, WM KB,
MM REREE EME TIHRETHD. FA @
TIEBEMIC T A2EBICOVLWTOREE D RN,
Swiecichowsk & [1] EENEY NI 3ppm D
FA % 2 RERAZE 2 L [EMEPES. 1ppm
LT FA REISERASE 2 L RERMEIER
ThalEERELTWVWDS o £/ Ito & 2] &
AR FDZ v b FA ZIRAIH D LEEHERE
MFERED SHHERTFR (WTRIY VA P, =
2-BF I ARY) BEHIN, SPNKA D
BRAEMRBICOHE TS FXF = NKI REHKE

AL TMEBBMEAEERTILERELTY
%o £, FA W L5 EWNE~DIFRIKEE L
MRt e MEMENEENMLTEEIND 2
%, FA DIERENICKE LE2RE. BT
TEERMELE. MAT. FAORBEREBEL FA D
LAGERGEERCARIY. KERBORER
MEEBLTWS, Tl FESRIESERIIBY
BJMAHZADE~FHABUTHD, LBEXWRD
RIEDPBRMEICB2ERERBEIZELZL TS,
SOB P RMIBE ORI A Y T AR A
h., [UBEAKDTLELXERENEICHE S i
EMEICEESTeEZIohTNnD,

4E, SHS OFREMIEOEOHII FA LLB5E L
BAAY bT o RAR— IR 28 E2ME LT,

B. #3EA4 %
1. EREE
1.1. Ussing Chamber
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A4 b AR —-bPDOYREIZIE Ussing
Chamber /= Voltage Clamp HEFHVS
%, @12 Ussingchamber DEENEZRT,
HHEE 2 DD chamber DA EXH, Th2h
@ chamber (& 95%0,5%C0, ZMWELH L =
Krebs- Henseleit #(Na* 143.9, K* 5.6, Ca™ 1.9,
Mg* 1.2, CI 117.6, HCO, 25.0, acectate 5.6,
gliconate” 3.8, H,PO, 1.3, SO,* 1.3, glucose
5.6 (mM), 37°C,pH7.4; LLF K-H ) HHHEFEH
CHIRAIFNZRA 2 IZER L T 3.

1.2, HEERAEERE

HAENXEHHNEEERMNEEECEZ 9100) %
W, chamber iZ 3M M KCI agar bridge £
ALMEEOBEMNZPDYZHET Z. £ .
0.9%NaCl agar bridge ZHE W T chambar B
10, 20 uA @ puls current & 1K L. D
BUNELPLA—-20EMNC LY EBOER
(resistance) &XR&F, BEMNEEE (Voltage
clamp 3K} IZ & b FE#EEF(short-circuit current,
Isc)2 K&z, Isc £iX PD % OmV, THRbHE
[HICEREFHRBE A B electro-chemical
potential gradient 20X TA5I 2 TA D%
B ERE LRI 2 ERERZEKL, 2
ik net O AV EEBELECBRENBTI DL
ST,

2. B

N—r LA REENE Y P (B00-400g) & AN
7o
2.1. FREE

Ay TH VBRI SIC K DB L .

3. AF Y I RAR—bORE

WREME, TAEY MEBEL. BE2HOHEL
TREEEHI 2, FRRBETH 5B
WME LETOKERFIL Uiz, [KEEEBITE
ESCHEGIBE L. KL K-H W TMWEDE D
fh&fRE L -#IZ Ussing chamber ¥ ML
7o 95%0,5%C0, TR L= 37CK-H HEZR
WX ¥, voltage clamp ¥EZFH T Short Sircuit
Current (ELT Isc), Potential Difference{ LF

PD), Conductance (A F G)ZRERECHIE L 7=,
Isc fFEICIZXE®R chamber 2EHE 30 SHBE
L. base line @ Isc W&EELERIZ, Isc ¥ 5-15
UA e DREZEERRICHA L=,

4. BREEHIINTD Isc ORE
4.1. FAOAZY b U RABR—-bontT 38

FEREMIZ FA % 0.1ppm,1ppm, 10ppm EE#
WML, Isc ORGERAZE L=,
42, AXLFPRNTOYH—D FA O %
v hIURR—MIRT SIEH
4.2.1. Na*F¥ L ARNTRUA—D FA DA Z
FZ YRR —MITBER

Isc DWEE L7#IZ Na* channel blocker @
Amiloride( 10°M),
422. CIFy 272y -0 FA O A
oV AR-PIIHT BEA

Isc PEELEHIZ Ca’ dependent CI
channel blocker @ 4.4'-diisothiocyanatostilbe-2,2"
disulfonic acid (DIDS) 10'*M, cAMP dependent
Cl' channel blocker @ diphenylamine-2-carboxylate
(DPC) 107 °M EHBANC K S, 10 AR
FAlOppm Z¥EFEMIIZIES L, Isc OE{LERZEL
o

C. ®R
1. FADAAYFIUVAR—MINTIEE
FA #5810 Isc XZh 2N 0.1ppm FHEHFE
10.35+7.17 A/ em?. lppm EFHE 1046
2.30 A/ cm? . 10ppm fRX5EE 10.95+2.63 1
Alem? THh O BEBEILEZEEHFENaP oz,
FAO.lppm %45 TiZBEHZ Isc OBINDBH SN,
FA #45 20 Zr&, 30 ST 11.15£79%6 1
Al em? TH 2, FAlppm TiE Isc OELIEHS
hizd o7, FA10ppm 5 TiE Isc HE®RD»S
BINL 4 HCERRE 13.14 23,80 4 A/ cm 2 BIR L,
FORAEITETLE. (K2) FAIZLD Isc
IZaf 3 ZMNE 10ppm>0.1ppm>1ppm DIETH

>,

2. A FF¥LRNLTRYA—-D FAQL0ppm)D
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AF Y I AR-MIHTBHER

312 FALOppm #5538, Amiloride BiALERE,
DPC APLERE. DIDS RLERMOKRE TR T,
21. Na*F ¥R NLT0YH—D FA QA A+
7 AR— MIHT BEH

Na* channel blocker T# % Amiloride Biji%
HBIZED Isc H 13.715.60 A/ cn 2 5 10.1+
410 LA/ em? IKE T L, Isc REELEHIC
FA10ppm ZRRANCIHRS L. 2 2HIC Isc 1L 13.4
550 A/ cm 2 IZIBHIIL 720 F10ppm A 5D Isc
CHELABRZELEASRT, BED Ise O
mcggEr s 2kholk,
22 CIF¥ryAN7TRYH—D FA10ppm)D
A2 I 2AR—-MINT B4EH

Cl' channel blocker T3 3% DPC ®iiR 5T &
D Isc i 11.6 3,670 4A/cm? D5 8.20+3.20u
A/ em? KT L7zo Isc D&E L2 FA10ppm
EHRACIRE L, %5 1 %I 8.2013.20u
Alem*ETET L. ZO®EMWIML 10 I 7.10
+330uA/em? CRMEICFE THEIHE L=, DPC i
BEIZLD Isc X 1431410 A/ cm? DD 15.3
430 4A/em? EELiZA BN o, Isc B
ZE LIC FA1Oppm 2ERRMANCIES L, #5
3 2RICIE 10.7£4.30 A/ em? E{ET LE. 10
AETE 11.024.20 A/ cm? TH o2, 15 738
T3 8.3X5.00 A/ cm? LEF L&, Isc iXET
LHIHI#IRIE DPC & b DIDS DA M-,

FAlOppm %53 L Amiloride BIHLE., DPC
ATALE. DIDS AILE D FA10ppm R512 & 2 Isc
DELE (Alsc)® B4 27T, FALOppm %Y
XD Alsc & 3.80 A/ cm?® TH D, Amiloride
A% 5 3.32 uA/em? TH -2, DPC HIIRG T
i Alsc iZ-0.20u¢A/ecm? TH D, DIDS Hif%5T
iXAlsc 1X-2.20 UA/ em 2 TH D F=.

D. #K

SHS ZERPEEE 2> TR ZRRERDERD
BIMTHD, 1970 ERL KB HOVWDIBHH
TAELT, ENDFRTEEDHRS TREE,S
B, ML, BRME. P@EREOKHE. B, & F

WREEME, KRR OERE, M. WA X O
RerRDEIERERIS2EEFAENE LSk
b, MPELRLTHEEER D, ThBH Sick
Building Syndrome &#BIh 3 L3 ITk o),
Sick House Syndrome (I h S ¥RAE LR
B EbhD, EE. RBEICHBWTY SHS
BHEMIIOBBELE RV ERZ2HUT TV D,
DENREBFRIILI > TE LD TIRROEEREE
ZIET. AMBIEBOH 2{LFPEORALNERE
DORAZEL, ERICIFEEORAELYNB L LiF
MEN T2, R - & - HIAKEORBEER, O
Bl ORGSR, EROMBE. RS, 85,
BRI, AR, WPIREER - WS R & OERES
FER, BF0, BL - @R Y EEREREET
%o

ZAEREFERTIEEYWEE LCE, 8RO
MOmAR L LTibhd FA BELZED, F0
ACHENDFEER DS H 2 AREE, Bdh -5
BE, RN TAENH 2, AL > TERSZHED
Hzbh, fERiIRL LI BE TERML S TME
POEABOE: YREICR-oTVWE, Bk LT
ANCRBHTERWYELSHSE ., FFED=EN
WASDEEZIZRLS TR EZ0oBER8T
Hdo IO ULEHBEYMEEEN L CERBLEH
{E&#(Volatile Organic Compound;BLF vOC)
EHATEDY, ERNO VOC BERBRIOESH
LD RELEDLDD, [LEHOBRD S hi-{Es
RENRETIE. 25 LE VOC IZL2HDE,
BOBEH WEREOTULF—HEIZREISh,
S Ty INnTz (v EN) fEREE, &
LTHEEIZRSTW3,

VOC [CREBMEESH D, HEREEI 2N
M, —IC WHO IC R 2BRUICES AT, B
R50 RS 260 EOBMMEEL X T, FA IZFIE
REHL, BEECBWTOHRAIZh, Z0ES
BB NOEEBLUTROREA S LTS
nTWhwd, FA BRD -BRIEEI, BBLUL
BREOKEFRIC LW ETI2R3BOERTH 2.
FAD.05-0.06ppm DEXARMELZhRh T2,
O0.1ppm T E~ORE, #EME, LHZE~D
FIBTERUOND. 1.0ppm THEEWERKL. 10-
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20ppm TIEBEZ-PMERE, SEE, WMETLENA S R,
RO L, [EEROBN, 27547
ADFLHRD NS MMEBE TIE0.25~5ppm
TREBZERINDI ZLBHOGNT WS, MM
DRERE (7-25mg/m?) &, HREM., RE.
M, R LR, HERER DR FERA
HEostrdi-od. WERETIE 0.25-5ppm
DEETCRHRERZREILAZI VDA TWVL S,
50ppm LA EDEE T OMBSRE - U TR
%, MiKEEBERLECTZILH D, DT
REED FA (120 mg/m?) Tid. Zv FBLXT
VI ZAANO RN ARE LT, WIRELE, Bk,
EBEEZL. LT,

FA OERIIRIETEBIZOWT FA RARKE
HAOIMECOEEERIFTI AT AT
%, Flanklin S[3JiL 6m»5 13 MONEEZXR
IZ FA BECEAF NO REEZREL. RETO
FA HECHBELIEBEREEBCTIE2REL
T3, Alexandersson 5[4]idBE T FA IZH&
LT HMEIERERIBRVWIEHIZ FAC.36ppm
EHEEBRAZIEELIA, 1 REBAERIC 2%
DELERL, FA RFEEZEOE YD LHLPICE
BLECEERELTWS, £7., Kriebel 5[5]
X 10 B0 HEHOEZREREE 24 L%
RICHEHFHET PEF 2RELTWS, BRRET
& FA EEX 0.49-0.93ppm TH b, B#IZ 3 K
DL EFTV.PEF X 2% DHERETE2RSD,
FA 8FZF%H@T 2L PEF E#PhCRELLEZ
LEHELTWS, EREHRTE FA ZWROHD
B3 % <L, Kilburn H[6]iTRBEFIT FA 2
SHEOHBERESHEL, BRTHIVEF
KIZET L. FA #RbRVWHBE L ERAERIC
i tER B APETLAEILEZREL TV S,
IS DHELAIE Green H[7]% Sauder 58]
12 FA A X D IBREBE FLEZ L 2REL
Tk, —7A. Schachter H[9IEBEALNT S
FA2ppm @ 40 A ORATIE L KERRIZED
EhidOOfMEEICIREERRIII RO
CEBELTWS,

FA DREBZMBIZRIETREEIIDTOLEOD
r—2Z2R—-bBHDIHB, chehB7LIbF—I

£230CH I LIRUTINT. 7 OMRIIFE
WWL2bDERzINE, BFEAOCHBIEDKRT
ELRELSTLEARKRII. AEXMEREORIEDR
Bz 20T HREMBR SN TV D, Krzyzanowski
5101k 613 ZDEA L 298 BD/NRZHGIZ,

FRENDOFARE L PEF OHBEEZ@RAAE L LA,

NRIBEEET PEF OFERETFTHEABREI LR
HWELT WD, FA IRELZEH XN -EHRBIC FA
RAFRAREER L L ZARA 2 BEEIS
BESRELL RIC R BBEMG 1 BREOETERLUE
#WELPHS(11]e Nordman H[12]IEHHERICZFA
WRESNTWVWS 230 ZOMEAEENEKIZ FA
RMARBARREER L 222 12 & (5.2%) B8
BETHD, 2035 8§ HICHIRM O SE IR %
RBOELHFELT VWD, —H. Harving H[13]1
FA EAIC LD FTREFEREZETIREXHMER
# 15 BT L FA TRAIZ & iR, SaEB
BMRBRET M. WIhOEEREMRIZIRES
Nighrozl 2 BRELTWVWD, 7. Frigas 5
[14]} FA B 2K EhE 13 F0RHFL
FA0.1-0.3ppm @ 20 AERARAFZRAREIT
SEd. BEfEAa s hab o BE LTV D,

Krakowiak[15)iXBH & LEE T FA REZ2%T
TWAIEEREI 0.4ppm @ FA % 2 KRIRAS
BN, WEE bICSERBREESI ko
PHELTWD, FA RBEEENRII FA IRAGE
BABREFEM L ERETHATINR DL, WIER
DR, MBI FA BEVEHRCESLTVWD L
EZZS5NDERATH>TH, BRELT FAIRA
ERABOBMEETIEN. FA RAFEBAROE
BHBENREFICER LI TORNWI EDERE
LTREVEEZOND, fMRIEREERIK TR
WeHZ5H, FA PRERBWHE, £LE7 L
WHE L OWThOEEEETZIILTH, FA D
EHBRKENEERIIMBTH, T LLES
RAEEE, KrERHEEETIAUREYES S
ZEeNEZISNRD, FA BEGEE LTRETTRR
<, KEOMEFUSENTRAEILRATIHG
BHH, 25 LEEETREICRALEZ FA X
BRGESEEILPTWIAREMEDH D, Frigas
5{14]id. FA H R T X KUEIRHNE 2 D RN D,
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FA EEETA2MAETORATRENEIFERE
NEEFMEREL TS, FA OEEBEICHET
Z2EMERKICOVT, to S2)IEEHKF. AT
BMATOZ v N FREI FA HAR2EZRAIE
L¥. FA PRACSEZOME BB & NEx
BEZEEHELTWS, #F 2 LT, FA B&
BHARMBERGEPSMESRTF R (BF2F7 2
P. Za2a—D¥Z A &) 2EEL, Chod
MEPMEFNEMRBICSFETESF X2 NKIL
ZEREBHBLUTHRREPEEINEZLEE,
7. FA KX 2TENE~NCIEFHREE & M8
REDHEAERBZLTEEShD L &
" FA IESERICTE FER R, B T2
LEHRELE, WA T, FA ODRBERFEIT FA ILL
ZRARMGEABIIAEIV AT L OHERO Mg
FL. FA ORBERBEOERIEEER LTV,
Swiecichowski S[1{ZEJLEY MiZ 3ppm @D FA
F2REBAIES L QERMESE S, 4, 1ppm
LTF® FA 2ERRIRAX S 2 & SUEINKEPEE
Ihd BTN S,

SOH b AR OB T A M A D EBEEDIF
PIC, AX Y P FTUAR-PMILIEREREN
Elhzdio L, KeBEPSGERE, KB
CHESLTWE, ST FERTRBEROCHEL
BNWTKEARDPAETZIEL MO TN
Do UM DOR AT ERILT 95% L EAKA T
BHhO 3%0EH., 1%DEE, 1%DIx 7N
HEBIN T 3[16]. [UBICBT 2KAEENX
GELRBEIIEIZA AL P IURAR-bENL
TifbhTund, M5ICKE EEMiEor A2+
Y AR—FBRT . EEAKEKREICE NavFv
VAN, CLF v RUNH D, EIREITIE Na*-
Cl' ATPase, Na*-K'-2CI##kfk, K*Fv¥ %
NEBDh, TNSOEEIZE->T CILNat KR
gL, BRIh¥EM)IE (electrochemical potential
gradient)D4 U, KAOEEHE L D[17]. 1990
FEIZASTHPSHRIRERBTOM A Fr R
D FE L BWEIMRRMEAE(Cy stic fibrosis; 2L T CFYD
FRERMBPILDVWTOHREDFE L ALBRT WS,
1989 £1Z positional cloning & 2T CF DR

R DHBEMLEFE. FOEYD cystic fibrosis
transmembrane conductance regulator (CFTR)
HREEXNE[18]e 1AL FF U AFR—MIIE
XERAFA T-F —RYITESTEMLL, ZE
RIEIC BT DUERKIDPWICHEEEEZ TWLo
B A XOBRIE L MR E W EREE
A LN, MIENEESEORIHLRAIZITDR
TW3[19].

i1 A2 F v RNEFHMELT 2 AR
BT, MlEAPLDL T LREDOZEHRLE
BTBHILICED, cAMP, Ca* RV 7LV T)
o —Jl (DAG) REDEA LV FAvLL Y vy —
EEE BELTND, ChoDEAYFAVE
YI¥—E cAMP #FEM T DT A X —F A
(PKA), 7054 ¥F—¥ ¢ (PKC) Bk
b¥ad2&i2Lb, BI2VWEFhERIZE2TF
vy RNEESELEL, ALY TR~ b B
L TWwW3[20). ligand-receptor FEICL DG
TPHEAEHR (GEH) MEMSEMET S, effector
enzyme D% adenyl cyclase RO EZR, 7F /¥
Y=U B (ATP) PHLELINT cAMP HFHIE
F¥ U ANEEELT 2BE L. cAMP B cAMP
R 7EME protein kinase A (PKAYEIMFEMIL, F
T U RNBREHELT 2ESDH L. MER cAMP
* LEXEZYEOS JEEEERE» SO OO R
WEFTEXIETHED, £ NaORIRG FLESE
TWB[21] [22]0 Welsh Hid, 8 RZBEICHED
mbh2& G EEBESLIh. 7TV A Y
S—EEREL. ZORERMEAD cAMP DHUEST
L. ClahrifEd 2 2L P LE[23].
¥ /. Vasoactive intestinal peptide (VIP)®7
FILrERBEEN LT cAMP 2 EREE, CI
NUWHITIET I IEBBES P R 2T S[24]
[25]s GEAICL D EMEI N D effector enzyme
7% phospholipase CRLC)TH B%HE (1 /2 b
— VU VERER) &, BEzhiz /2 b0
1,4,5- =1 v 8 (IP3) 2 X o THRBEKNREDR S
Ca™ A F Bl h, Zhic Lo Tk n
BFYUARMDES D EA /Y b VER
T, DAG IZX - TiEtElkEh 3 PKC AF v
VENEY VB UL TSI oM ER
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2TV, [ELRARICBWLWT, 727571 %=
v(BK)id BK ZREEHEATIZIILILL TG E
HEEAMALT IP3 HEESN, SEANEEISD
Ca* A/ o E#IZL b, £/~ DAG /ML T PKC
WIEME LI Crawd T3l EBREINT
15[26)-[29]c Mason SiZMEIA,SD ATP %
L hHMEA Ca* D ERDBA&EHR, CIr T+
ANVDBEELINDERE LTV E[30]. [EL
BREPEETZ70RY T 0574 L (PG Y A
U EEQEBLRRTTCH N, Tamaocki HIT PG
SEEENMLT cAMP DER L. CIr 2irudEhs
EULBILEHELTNS31]). SRBEZWEBIIS
JAEREREOEERGEERE LT AR
EMELES (PAF) & CIoRWwETEIETND
[(32]c £, AV F ¥RV EEMHLEIE 21
FELT, KO pH OELSAF L TR
HP—hMIEEES X TW3E[33]. ZOIEPIEEML
PIEEWELIERERD, MEECEHOCELSE
BoBbi & OB RBIBIC L > TESE LT
2F % RINOEED, Ca® IRFMEIERA Kv F
T ARNDEEMIC LB Q- Fvr A2 NLD
EMANREINTVWE[34), ZhiZH LEED
EAF O FRERSEFEREIT Crawzsimiss s
EYHEINTNB[35]

PRSEIC BT 2RO Nat BEIXTERD
ZhIZEEAREWED, BEREAFEED NavF v
FIVEBEUTZBGIIRREINAS, #dRIZAS
o Na* A4 IGEMEEO Na HY 7P (Na*-K*
ATPase) ) SRR ~FFH XN D, Z DEFRERC
K A AV lENcHAT R, CCTHELEES
fLEREICL D, BERO Na*-K*-2C! ik
(cotransport) 2/ LT Na*. K*. CI' &A1 3>
AR AAT S, MBEAICASE Nat A 2
it Na Rr 7oL oT KA A VIZHEEEO K*
Fy R ERIND, —F, BEAD CI A
AT BRARSIEE O CIF v > AU L o TR
fllcHEHE N, Na*k Crick->TiEbEeh 3
BRLZARICL > TKIEEPLEL D,

Na*F v > 3 VI ERANGRE ICFE L. g
MO Nat A+ ORAZFEBLTNWSD, Na*F ¥
VR NVZSFESA 700KD OBHET, I ¥ ¥

VAL 5-10pS TH B, #dL. Chinet HiEIL ¥
JHYVZ 20p8 DT ITTA KRB NavF v v
ANDOHEESRE L TWB[36]. Na*F v &R
E7ipnsA4 Fick»THEETNS, Graham 5
. 71034 FORRKBEEZMNAZHIID Na*
A VORADEIZIELEREL. 73054
FRSM Na*F vy 2T I0T4 FIERSH
Na*F ¥ VR IVBFEL. ChiE cAMP H LY
DAL/ T7APTCHOTZILEHELTWS
[37]c Duszyk &3, NuF T 7L FHIZE DR
BT7Ino4 FiZ&-o2T 70w 233 NatF
¥R NVIIEER Nat Fy ALV THB L &2
#FLTWB[38]s CF BT Na* DIRILFED #
5T BEMENE N3] [40). LPL, Na*F ¥
VANOHHBEERETHRZALE L. KO
HEMNHFEINTND, Fi2, MOBEEIZLZF
v RIVBEEEIC DWT, HBEDA 7 )T
A ZBEHIC FREMBEICEAINRD M2 B
Na*F ¥y VA LVMEEZA TS I RESTR T
B(41] [42). EREETIX CF BEFW7INF 4 FO
ADITDODRN TS H. Graham 5 5-
hydroxytryptamine D7 I 127 4 FERM Na*
Fr RIS ORAEIAF L, FHRERICHH
SINAHFEHMEZTRELTWS[43]).

Na*-K* ATPase iZ#REICFEEL. ATP OO
KABEFA L. Nat A & 2 ZHERBI~HE L,
HIREH D Na-BER2ELED. K A4 28R
WHAZE, BETOZRV7EAZFE STV S,
MR Na BB AR EHERT LI I DHRN
AU TABRI LR 5[44] [45]c THOHDR
A Fds b vRAR—-rOAHE UTEFHZXR
TWAbiTTH D, Na*-K* ATPase 7 7/3A
VERRZMETH D, WMEAADCD TS LRSFICK
b Na*URI CUarwsldilEl X%, Bland &\
HBEBICHAOKIDBIRNEND DL Na*-K*
ATPase DIEMENHEDIEDTHHIERSLT
WB[46] [47]0

Na*-K* ATPase DiEM{bahTHE U EERIL
ZAREIC L 5T Na*-K*-2CI' cotransport 2@ U
T Na* XK', Cl &4 A U ERNICHAT I LN
Heh T B[48). E/. Liedtke Bk, AF A
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IT—F— DRI SHEAND cAMP ZHBINT 3 2
HICHBEA Ca*BEOEMIZLY Na*-K*-2CI
cotransport BEMLINBZI I LEHBZE LTS
[49]a Na*-K*-2Cl' cotransport &)l — 7R
D7LEIFPLTAYF A FICL->THEZNh 3
[50]0

ClF v A VIEEAMEDIIGEEL. 14
AT VAR- M DKGFWMOHNLE R LB E B
2TW3, BEFTIX 2207470 CIF+ 2%
NOBEERE» R >Th. cAMP REH 7T
T4 rFF-BIIL O TF Y o RANVEBED T VEE
WETHOT2F v 2k, #laW Ca™ il
CE-THBEENTHE2F v 20 TH3, Zh
LA Ml AsROERICL - THOT2F v
A WVist) (52]. Mo X b Eitibah 3
outward rectifier CI'F ¥ 2 & )V[53]-[55]. G&
HZXhEM I hd CrF v xIL[56). M
XZVLAFFIZLhEEFHEIAD ClFvy RN
[57]. REDHEEDPHEINTVWED, M
AN,

cAMP IREH 7T A 3> -—-Hio & b Edk
Thd CIrF+ RSN cAMP BEDO LR
IESTBLSF Y VA NVTH B, CF DRIEF &
Cystic Transmembrane

Fibrosis Regulator

(CETR) CI F vy v aANEEIh, BESREY
BTHHZLHITEHINTNWB[58] TOEHHE
BELSsOMBICER L. 7 FEEH 16800KD.
DVFTE ARG T-10pS ORREOEFR B ER
ERT CrFvy o ANBREFOI DML LR
ST AI59] {60]. CFTR &2 DOMEEEE
IE(membrane spanning domain, MSD). R F X4
A “(regulatory domain), 220D ATP ity F A
4 “{(nucleotide binding domain, NBD1,2)(D 5
DOMFER A A U EEBRINTWVWS, Anderson
SEAALEPZUVAR—-PMIEAELTNWRDREZ
D35 H MSD,NBD1 YR EAA VTHDILER
HLTW3[61], CFTR Q&L ATP IREHEIRER
BEB(ATP binding cassette superfamily, ABC
Z—=X—=7 7 2 ) yOEEICEM L TNBE I L
BHehbot[62], TOHEBIEX ATP ORIV
—%FHALT. MEAAN—AAKCA T2 2R

ETLHEEEDH S, Mcintosh St CFTR & b/
MREZTTRGHFME., voo7yr—viay
WOHETLILEREL T S[63]. Anderson
5iX. EWT CFTR #REI - LRI BT
% cAMP KEMF v L RILVOEBA 2 oFERME
Br>Cl>I>F THDH, BEEHI D)V 28
M7/ BRICEEIE 2 EEEBMIBMNE 1>Br
>CI>F EED DI & &®|E L[64]. Rich H5BR
FASL IZHETAHAIERORLE CrFv i
WHRKREIND I e EALMITLIEIE[65], &
EB CFTR & CIF v Y ALFOEDTHD L
SN CFTR 7% CIr Fv a0 & LTH#gET
ZHFIIONT. cAMP DRI T 7074 > ¥ 5
—¥ A OBEERICL D, Fv o RILD gate OF
HEREIREAS LY UBESh, ZOKEE
T NBD IZ ATP BESTER L5100 %, HEL
= ATP DKM 2 LIl B rUF—-{C
L =T gate DHEE, CrORBRRBEDIELS
EEZILRhTWVWAR[66]le JDOF ¥ R
diphenylamine-2-carboxylate {(DPOYIZ & b BR
Exhb,

HILTI LA F ) 7 F PRREEAT A 2—F
— X 2R Ca*BEOLRICLD Cr vy
FNFEMLEIN D, MEA Ca» O LHIE, B
MFEIRE D CrF ¥ » FIEEEMT D L ERI,
HMEEO K*Fvy 2O HEMELT 22 LSS
hTWNB[67) [68]c CFTR CI F¥ U RILEIZER
h, Ca* I L »THEHLINDE CIF¥ 2B
H#HEL. CF OB BT FET 22 &8
FHXN TN D(69][70]. TOF ¥R 4.4
diisothiocyanatostilbe-2,2- disulfonic acid
OIDSHIZ L > TRIRWIZAES NS, YOL 5%
BEIo L o THEEAN Ca 2 LT A F vy
BELDEFEIPER>TLRNE, CaPEEDC L
Bickbh Ca-INEY 2 ) VikEHEFF—F
(CaM- ¥ F—+F) HEMbEh CrFv 2 uh
B EMEZENRTNWB[T1][72]P. FERAOD
HDLIAHTHB61]

WIEEOFEAET S K Fryoialid1d v +2
VAR—PIZBUS Crawd N RIRICEER
BEELTWD, K*Fv 2% /OiEHEL & EER
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EE D CrF v > 2 VOEMLILERLTWS 2
EREHT TS~ KA 4 2id, Na*-K*
ATPase & Na*-K*-2CI cotransporter 21 UT
MREAIZ A D, ElEEhE KT v rabh o
BRENCHEH L, MilNBEOELZHWTEWD,
K'F ¥ o2 VEd T EERs B L. Zhic
X DRI~ D C1 A HEH DR B 1R LT
Wb, 22007470 KFrRIBHbH, —0
BREIVY¥IH 2 (8 20p8) ONREERY
(inward rectifier) @ K*F+ FZNT, K*'DE
REMBEBICEL, PV IVEBOA)TFFFL Y
L& hEBEIND[73][74). £F B E2TH
BExh2, $EI0F v RNVEMEN Ca B
FlzLhflifxhTs b, IFEBMKREKE K¢« F v
VEANTH D, &5 —2iF Kunzelmann S D
L LBAKEN D CaiRFUER IV 74 R
(# 150 pS) K*F ¥ VRN TH B[75] [76]. 1
>0 K F v a0 2 @B Lol E =T TW
hoiebhEZOh, MlRoE LD EMES
ha KFroANDHB5[77] cAMP ERIZLD
MHREROEMIT 2 Hicaidoh, B iIHORIG
X K Fy oADEELINTEL. B2HOR
iid ClF+ > 2D PKA I h@EMEEhE D
WL BRIGTHDEEZONRTND(78]. £z,
cAMP {REEME 7O F 4 L ¥ -l L hHIEE R
3 Ca ERZMTHV IR XV UBRENE KT
Y URNDHEEOHOND,

chenAdrF i, B 7, HifEd
D)= & = TRIE L ERIB DK 3 #E DS HEEE L
Tnd, BIEBERIIBWTEIN O OMEENRE
BERTIEDHHEONATVWS. LrL, JEBEXN
Blepirs8E MDA A T AR—}H
WOWTOHERXABRTHWEREN, EE, ¥ w7
N ZEBEBICIBIT D FA OS5 ETORETER
B ERMEAOEEMERII OV TOREREXAS
hTtnwk, Slaoiitid, [EREAD FA O
EEERATIEOOERTH D, FARORIT
SEEIEA LR,

FA OFBELEA AL P AR—-MIRT S
EBIIEEE10ppm)T 5 FURIEH S h D EH

72 Isc OWMBASNE, THIZHL 1ppm T
Isc OEZIFEAERSNRP 2D, 0.1ppm
TIHAERRZE Isc OBMHBH 5N, Jon channel
blocker @ FA10ppm LB A T XM~
rAOEETIX. Na* channel blocker %5 TiX
FA BHEHED Isc ORBRBEMNIINLTERREE L
%M 572, CI' channel blocker T# % DPC, DIDS
It FA AFAC LD Isc OWEMENHILEZ. ZhiE
FA IZX % Isc OENE Crowt#ilLdd0L
X,

CI' channel Zid cAMP 2 X b EHME RS
channel & Ca®*{Z X DEMHIIND channel B
REKTH S, DPC IZEIZAHTE. DIDS FFEICE
#F® channel @ blocker THHLINTWH, 2
HLIAIZE . CIF channel I21E volume sensitive
%2 channel SHEEER CICL DEHLEINDS
channel ¥ #4£3 %.Cl channel {XcAMP %> Ca®™
W& hiEtEEE 3D, cAMP DFEHICIE adenyl
cyclase DM L, 72 cAMP IZ X % protein
kinase APKAYFEM LR EBESFSLTW D,
Flanklin 5[3]iZ 6 sd 5 13 mD/NRZFRICFA
BELIFEH NO HEEAE L. RETO FA B
BLIEGH NO BEHEBE L, FA BPREREI
BELTWA I LERELTWVS. PKA OiEML
» NOS 21U VEE{uL, [ELEF SO NO EL
EFEDDIIEPREINTND[79]. ThHDT
Mo, PKA FSUE ERICET S NO EE - O
SWEAEE~OESHRBINTHWS, 0D
FRIE FA GMEREZE#ED S 5 adenyl
cyclase DIEMIL. cAMP EERNED B WK
protein kinase A(PKAYEMEALZREWEELTYL
T EPREINE,

SEO FA OSE MRS A b7 2R—F
IZDoWTORSTIE, FA X0 LMK ED Cr
channel ZEMMT A2 B REBINE. £,
FA & cAMP OELDH 2 WTHEEN PKA ZiEHEL
WEES L, CrowDiEiclEs 2 hEENE 2
Hhize
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Ca* dependent

Cl channel
cAMP dependent @

ER — Ca*

6 CI'F¥vrRNCBT3MENEENE
R: receptor, L: ligand, G:G & H, PKA: protein kinase A,
AC: adenylate cyclase, PLC: phospholipase C, IP3: 1 /¥ b—LZ=U V&,
ER: endplasmic reticulum, DAG; diacylglycerol, PKC: protein kinase C

— 448 —



STHR

[1] Swiecichowski AL, Long KIJ, Miller ML, et
al. : Formaldehyde-induced airway

hyperreactivity in vivo and ex vivo in

guinea pigs. Environ. Res. 61:185-
199,1993.

[2]J1to K, Sakamoto T, Hayashi Y, et al. : Role of
tachykinin and bradykinin receptors and
mast cells in gaseous {formaldehyde-
induced airway microvascular leakage in
rats. Eur. J. Pharmacol. 307:291-298,1996.

[3] Franklin P, Dingle P, Stick § : Raised
exhaled nitric oxide in healthy children is
associated with domestic formaldehyde
levels. Am.J.Res.Crit.Care Med.161:1757-
1759,2000,

[4]Alexandersson R,

Kolmodin-

Hedenstierna G,
Hedman B:Exposure to

formaldehyde: effects on pulmonary
function. Arch. Environ. Health 37:279-
283,1982.

[5 ] Kriebel D, Sama SR, Cocanour B
Reversible  pulmonary responses to
formaldehyde. A study of clinical anatomy
students. Am. Rev. Respir Dis. 148:1509-
1515,1993,

[6] Kilburn KH, Warshaw R, Thornton JC :
Pulmonary function in histology
technicians compared with women from
Michigan: effects of chronic low dose
formaldehyde on a national sample of
women. Br. J. Ind. Med. 46:468-472, 1989.

[7]Green DI, Sauder LR, Kulle TI, et al.: Acute

3.0ppm
ezercising healthy
asthmatics. Am.Rev.Respir.Dis. 135 : 1261-
1266,1987,

[8} Sauder LR, Chathman MD, Green DI, et al.:

Acute

response to formaldehyde in

nonsmorkers and

pulmonary response to

formaldehyde  exposure in

healthy

nonsmokers.
1986.
[9] Schachter EN, Witek TJI, Tosun T, et al.: A

J.Occup.Med. 28:420-424,

Study of respiratory effects from exposure
to 2ppm formaldehyde in healthy aubjects.
Arch.Epviron.Health 41:229-239,1986.

M, Quackenboss 1],
Lebowitz MD ; Chronic respiratory effects

f10] Krzyzanowski
of indoor formaldehyde
Environ. Res, 152:117-125,1990.

[11] Hendrick DI, LaneDJ : Formalin asthma in
hospital staff. Br. Med. J.15:607-608,1975.

[12] Nordman H, Keskinen H, Tuppurainen M:

exposure.

Formaldehyde asthma-rare or over-
looked? J. Allergy Clin. Immumol. 75 : 91-
99,1985,

[13] Harving H, Korsgaard J, Pedersen OF, et
al.: Pulmonary function and bronchial
reactivity in asthmatic during low-level
formaldehyde exprosure. Lung 168:15-
21,1990,

[14] Frigas E, Filley WV, Reed CE : Bronchial
challenge with formaldehyde gas: lack of

bronchoconstriction in 13 patients
suspected of having formaldehyde-
induced asthma. Mayo Clin. Proc.59:295-
299,1984,

[15] Krakowiak A, Gorski P, Pazdrak K, et al. :
Ajrway response to  formaldehyde
inhalation in asthmatic subjects with
suspected respiratory formaldehyde

sensitization. Am. J. Ind. Med. 33:274-

281,1998.
[16] Robinson NP, Kyle H, Webber SE, et al.:
Electrolyte and other chemical

concentration in the airway surface liquid
and mucus secretion of the ferret trachea.
J.Appl.Physiol. 66:2129-2135,1989.
{17] Welsh MI: Electrolyte transport by airway
67:1143-1184,

epithelia. Physiol.Rev.

— 449 —



1987,

[18] Riordan JR, Rommens JM, Kerem BS, et
al.: ldentification of the cystic fibrosis

characterization of
complentary DNA. Sience 245: 1066- 1073,
1989.

[19] Widdicombe JH: Use of cultured airway
epithelial cell in studies of ion transport.
Am.I.Physiol. 258:1.13-1.14,1990.

[20] Levitan IB: Phosphorylation of ion
channels. I.Membr.Biol. 87:117- 190, 1985.

[21] Cullen JJ, Welsh MJ: Regulation of sodium
absorption by canine tracheal epithelium.
J.Clin.Invest. 79:73-79,1987.

[22] Widdicombe JH, Kondo M, Mochizunki H:

gene: Cloning and

Regulation of airway mucosal ion
transport, Int.Arch.Allergy Appl.Immunol.
94:51-61, 1991.

[23] Welsh MJ: Adrenergic regulation of ion
transport by primary cultures of canine

celiular

tracheal epithelium:

electrophysiology. J.Membr.Biol. 91:
121-128,1986.

[24] Nathanson I, Widdicombe JH, Barns PI:
Effect of vasoactive intestinal peptide on
ion transport across dog tracheal
epithelium. J. AppLPhysiol. 55:1844- 1848,
1983,

[25] Pratt AD, Clancy G, Welsh MI: Mucosal
adenosine stimmulates chloride secretion
in canine tracheazl epithelium. Am.J.
Physiol. 251:C167-C174,1986.

[26] Smith JJ, McCann JD, Welsh MJ
Bradykinin stimmulates airway epithelial
Cl- secretion via two second messenger

pathways. Am.J.Physiol. 258:L369-1377,

1990,

[27] Anderson MP, Welsh MI: Iseproterenol,
cAMP and bradykinin stimulate
diacylglycerol production in  airway

epithelium. Am.J.Physiol. 258: 1.294- L300,

1990,
[28] Clarke LL, Paradiso AM, Mason SJ, ¢t al.:
Effects of bradykinin on Na+ and Cl-
transport in human nasal epithelium. Am .J.
Physiol. 262,C644- C655,1992.
i29] Denning GM, Welsh MI:

distribution of bradykinin receptors on

Polarized

airway epithelial cells and independent
coupling to second messenger pathways.
J.Biol.Chem. 266:12932-12938,1991.

[30] Mason 8], Paradiso AM, Boucher RC:
Regulation of transepithelial ion transport
and intracellular caleium by extracellular
ATP in human normal and cystic fibrosis
airway epithelium. Br.J.Pharmacol. 103:
1649-1656,1991.

[31] Tamaoki J, Kanemura T, Sakai N, et al.:
Prostaglandin D2 increases Cl secretion
across canine tracheal epithelium through
cyclo-oxgenase stimmulation and cAMP
production. Acta Physiol. Scand, 145:1-6,
1992,

[32] TamaokiJ, SakaiN, Isono K, et al.: Effects
of platelet-activating factor on bioelectric

tracheal and
bronchisal J.Allergy Clin.
Immunol. §87:1042-1049, 1991.

[33] Willumusen NI, Boucher RC: Intracellular

properities of cultured

epithelia.

pH and its relationship to regulation of ion
transport in normal and cystic fibrosis
human nasal epithelia. J.Physiol.{Lond.)
455:247-269,1992.

[34] Yamaya M, Ohrui T, Finkbeineer WE, et
al.: Calclum-dependent cholide secretion
across cultures of human tracheal surface
epithelium and glands. Am.J.Physiol.
265:L170-1.177,1993.

[35] Mochizuki H, Morikawa A, Tokuyama K,
et al.: The effect of non-steroidal anti-

electrical

inflamatory drugs on the

properities of cultured dog tracheal

— 450 —



epithelial cells. Eur.J.Pharmacol, 252:183-
188,994.

[36] Chinet T, Fullton J, Yankaskas J, et al:
Characterization of sodium channels in
ihe apical membrane of nasal epithelial
cells (abstract). Am.Rev.Respir.Dis. 141:
Al64, 1990.

[37] Graham A, Steel DM, Alten EW, et al.:

Second-messenger regulation of sodium

transport in mamm amilian airway
epithelia. J.Physicl. (Lond.) 453:475-
491,1992.

[38]) Duszyk M, French AS, Man SFP: Cation
channels in normal and cystic fibrosis
human airway epitheliai cells. Biomed.Res.
12:17-23,1991.

[39] Jiang C, Finkbeiner NE, Widdcombe JH, et
al.: Altered fluid transport across airway
epithelium in cystic fibrosis. Science 262:
424-427,1993,

[40] Smith JJ, Karp AM, Welsh MI: Defective

fluid transport by cystic fibrosis airway

epithelia.  I.Clin.Invest. 93:1307-1311,
1994,
{411 Pinto LH, Holsinger LI, Lamb RA:

Influenza virus M2 protein has ion channel
activity. Cell 69:517-528,1992.
(42} Majima T, Jacoby DB: Epithelial ion

transport in virus-infected airways. -
Responses to isoprotereno! and
amantadine. Am Rev.Respir.Dis. 147

A431, 1993,
[43] Graham A, Alton EW, Geddes DM: Effects
of 5-hydroxytryptamine and 5-hydroxy-
tryptamine

receptor agonists on ion

transport across mammalian  airway
epithela. Clin.Sci.Colch. 83:331-336,1992.
[44] Willumusen NJ, Boucher RC: Sodium
transport and intracellular sodium activity
in cultured human nasal erithelium. Am.J.

Physiol. 261:C319-C331,1991.

[45] Duszyk M, French AS: An analytical model
of ionic movements in airway epithelial
cells. J.Theor.Biol. 151:231-247,1991,

[46] Bland RD: Lung epithelial ion transport
and fluid movement during the perinatal
period. Am.J.Physiol. 259:1.30-1.37,1990.

[47] Bland RD, Nielson DW: Developmental
changes in lung epithelial ion transport
and liquid movement. Annu.Rev.Physiol
54:373-394, 1992.

{48] Fong P, Chao AC, Widdicombe JIH:
Potassium dependence of Na-Cl
cotransport in dog tracheal epithelium.
Am.J.Physiol. 261:1.290-1295, 1991.

[49] Liedike CM: Regulation of chloride
transport in epithelia. Annu.Rev. Physiol.
51:143-160,1989.

[50] Chao AC, Widdicombe JH, Verkman AS :
Chloride

mechanisms in cultures of canine tracheal

conductive and cotransport
epithelial cells measured by an entrapped
fluorecent indicator. J.Membr.Biol. 113:
193-202, 1990.

[51] Solc CK, Wine JI : Swelling-induced and
depolarization-induced Cl- channels in
normal and cystic fibrosis epithelial cells.
Am .J.Physiol. 261, C658-C674,1991.

[52] Chan HC, Goldstein J, Nelson DJ
Alternate

pathways for chloride

conductance activation in normal and

cystic fibrosis cells.

Am.J. Physiol. 262:C1273-C1283,1992.
{53] Egan M, Flotte T, Afione §, et al

airway epithelial

Defective  regulation of outwardly
rectifying Cl- channels by proteine kinase
A corrected by insertion of CFTR. Nature
358:581-584,1992.

[54] Krick W, Disser J, Hazama A, et al :
Evidence for a cytosolic inhibitor of

epithelial chloride channels. Pflugers Arch.

418,491-499,1991.

— 451 —



[55] Tabcharani JA, Hanrahan JW : On the
activation of outwardly rectifying anion
channels in excised patches. Am.J.Physiol.
261:G992-G999, 1991,

[56] Tilly BC, Kansen M, Van-Gageldonk PG,
et al G-proteins mediate intestinal
chloride channel activation. J.Biol.Chem.
266:2036-2040,1991.

[57] Stutis MJ, Chinet TC, Mason 8], et al. :
Regulation of Cl- channels in normal and
cystic fibrosis airway epithelial cells by
extracellular ATP. Proc.Natl.Acad.Sci.USA
89:1621-1625, 1992,

[58] Rommens JM, lannuzzi MC, Kerem et al. :
Identification of the cystic fibrosis gene:
chromosome walking and jumping. Sience
245:1059-1065,1989.

[56] Tilly BC, Kansen M, Van-Gageldonk PG,
et al G-proteins mediate intestinal
chloride channel activation. J.Biol.Chem.
266:2036-2040,1991.

[57] Stutts MJ, Chinet TC, Mason SI, et al. :
Regulation of Cl- channels in normal and
cystic fibrosis airway epithelial cells by
extracellular ATP. Proc.Natl.Acad . Sci.USA
89:1621-1625, 1992,

[58] Rommens JM, lannu zzi MC, Kerem et al. :
Identification of the cystic fibrosis gene:
chromosome walking and jumping. Sience

245:1059-1065,1989.
[59] Rich DP, Anderson MP, Gregory RJ, et al. :

Expression of cystic fibrosis
transmembrane conductance regulator
corrects defective chloride channel
regulation in cystic fibrosis airway

epithelial cells. Nature 347:358-363,1990.

[60] Bear CE, Li CH, Kartner N, et al
Purification and functional reconstitution
of the
conductance regulator (CFTR). Cell 68:
809-818,1992.

cystic fibrosis transmembrane

[61] Anderson MP, Sheppard DN, Berger HA,
et al. : Chloride channels in the apical

membrane of normal and cystic fibrosis

airway and intestinal epithelia. Am.J.
Physiol. 263:L1-1.14, 1992.

[62] Hyde 5C, Emsley P, Hartshorn MIJ, et al. :
Structural model of ATP-binding proteins
associated with cystic fibrosis, multidurug
resistance and bacterial transport. Nature
346:362-365,1990.

[63] Macintosh 1T, Cutting GR : Cystic fibrosis
transmembrane conductance regulator
and the etiology and pathogenesis of
cystic fibrosis. FASEB J. 6:2775-2782,
1992,

[64] Anderson MP, Gregory RJ, Thompson DW,
et al. : Demonstration that CFTR is a
chloride channel by alteration of its anion
selectivity. Sience 253:202-205,1991.

[65] Rich DP, Gregory RJ, Anderson MP, et al. :
Effect of deleting the R domain on CFTR-
genarated chloride channels. Sience
253:205-207,1991.

[66] Anderson MP, Welsh MIJ : Regulation by
ATP and ADP of CFTR Cl- channels that
contain mutant nucleotide binding

dom ains. Sience 257:1701-1704,1992.

[67] Paradiso AM, Cheng EH, Boucher RC :

Effects of bradykinin on intracellular
calcium regulation in human ciliated
airway epithelium. Am.J.Physiol. 261:L.63-
1.69,1991.

[68] CLANCY,J.P., McCANN,J.D., LLM,, et al.
Calcium-dependent regulation of airway
epithelial chloride channels. Am.J.Physiol
258:1.25-132,1990.

[69] Cliff WH, Frizzell RA Separate Cl-

cAMP and

secreting epithelial cells.

conductances activated by
Ca2+ in Cl-
Proc.Natl. Acad.Sci.USA 87:4956-4960,
1990.

— 452 —



[70] Anderson MP, Welsh MI : Calcium and
cAMP activate different chloride channels
in the apical membrane of normal and
cystic fibrosis epithelia. Proc.Natl.Acad.
Sci.USA 87:6003-6007,1991,

[7t] Worrel RT, Frizzell RA : CaMKII mediates
stimmulation of chloride conductance by
calcium in T84 cells. Am.J.Physiol.
260:C877-C882,1991.

[72] Wagner JA, Cozens AL, Schulman H, et
al. : Activation of chloride channels in
normal and cystic fibrosis airway epithelial

calcium/

cells by multifunctional

calmodulin-dependent  protein  kinae.
Nature 349: 793-796,1991.

[73] McCann JD, Matsuda J, Garcia M, et al. :
Basolateral K+ channels in  airway

epithelia. I. Regulaton by Ca2+ and block

by charybdotoxin. Am.J.Physiol. 258:
L334-1.342,1990.

[74] McCann JD, Welsh MJ :

channels in airway epithelia. II. Role in Cl-

Basolateral K+

secretion and evidence for two types of
K+ channel. Am.J.Physiol. 258:1.343-1.348,

1990.

[75] Kunzelman K, Pavenstadt H, Greger R :
Characterization of potassium channels in
respiratory cells. 1. General properities.
Pflugers Arch. 414:291-296,1989.

[76] Kunzelman K, Pavenstadt H, Greger R :
Characterization of potassium channels in
respiratory cells. II. Inhibitors and
regulation. Pflugers Arch. 414:297-303,
1989,

[77] Butt AG, Clapp WL, Frizzell RA : Potassium
conductances in tracheal epithelium
activated by secretion and cell swelling.
Am J.Physiol. 258:C630- C638,1990.

[78] Hartman T, Kondo M, Mochizuki H, et
al. :Calcium-dependent regulation of CI
secretion in tracheal epithelium. Am.J.
Physiol. 262:1.163-1L168,1992.

[79] Tamaoki J, Kondo M, Takemura H, et al;
Cyclic adenosine monophosphate-

mediated release of nitric oxide from

tracheal

Am.J.Res.Crit.Care Med. 152:1325-1330,

1995,

canine cultured epithelium

— 453 —



