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ALL acute lung injury

ARDS: acute respiratory distress syndrome

BAF: bafilomycin A,

CINC-1: chemokine-induced neutrophilic chemoattractant-1
CPZ: chlorpromazine |

DMEM/F-12: Dulbecco’s modified Eagle medium-nutrient mlxtune F-12(1:1)
DMSO: dimethyl sulfoxide

DNase I: deoxyribonuclease I from bovine pancreas
DNP: 2,4-dinitrophenol ‘

2DOG: 2-deoxy-D-glucose

EDTA: ethylenediaminetetraacetic acid

FBS: fetal bovine serum

FITC: fluorescein isothiocyanate

GAPDH: glyceraldehyde-3-phosphate dehydrogenase
Hoechst 33258: bisbenzimide H 33258 fluorochrome trihydrochloride
IGFBP6: insulin-like growth factor binding protein 6
IgG: immunoglobulin G

IND: indomethacin

KGF: keratinocyte growth factor

MCD: methyl-3cyclodextrin

mdrla: multidrug resistance protein 1a

NaNj: sodium azide

NYS: nystatin

PAO: phenylarsine oxide

PBS: phosphate-buffered saline

RITC: thodamin B isothiocyanate

RTI40: rat type I cell 40-kDa protein

RT-PCR: reverse transcription-polymerase chain reaction
SDS: sodium dodecyl sulfate

SP-B: surfactant protein B

SSC: standard saline citrate

TEER: transepithelial electrical resistance

TGF BI: transforming growth factor B1
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KEND 1723 5 LT ety 2 PR BRI L SV, TOFALTIE, TARMDF TH D LFE
RRZEMORIPEMLE LT HEE L 2 DIfOF/NEAL Th A RIENTFIET % (Patton& Byron, 2007)
(Fig. 1), Fif@i, 3k hC4-5 BETh Y . IHLEICIEET 2 100 m* LA EORKEEEZH TS (Ochs
5, 2004), FfifA_ERzIE, 1RGO T SR o> 2 FEXE O FRGMRa DR SN TR Y . flakE
D 90%LAEE B> TS 1 BIHIRRIXEIC T ARZHEDLE & U THEE L TV % (Patton, 1996; Forbes,
2002), 1ZSHRRITE S 0.1-0.2 pm OIEF I VRF LEGMla Th v . MlaPINEEICZ LS, fifild
KN HEMME F TOFEMET 0.5-1.0 um LAvewy, —F, 1ZSBREBICEIET 5350 1 B
R, FAERE DA 10%% 8 5 (TR E 720 A3, MR 1 Biia % EREl>TWb, F7- I ARGk
13 apical (IiTHEETEDLH Y . SR OMRPNVNGE L LT —T7 77 & FOEA « ZUWEIT-> T
% lamellar body 23E(E L CU % (Patton, 1996; Forbes, 2002), fifEzRMEIZ, = I ZUHEHID lamellar
body MO ESNDY—77 7 & M FULEWRIEDRE TEOINTIY | surfactant protein,
albumin, immunoglobulin G (IgG). transferrin DA ZHNZEBE R X VRV ENFEL TWD
(Patton, 1996), 3& & | FHHIFEPN O albumin JEEEITA S mg/mL & | M#FHO albumin JBE (40 mg/mL) &
LB U TR TR fR7240 TV D (Hastings 5, 2004), L7 L, S-S5 EREWREE (acute respiratory
distress syndrome; ARDS) C2EAHFEE (acute lung injury; ALI) 72 & OFEERCIX, —T7 727 ¥
v FORERNBELS EF L, THUHOHEECLEFABEELET I E 5, £OfR. ILEN
26 albumin 21X U8 &35 M8ES /37 B EHMRaAMENICIRE L, IiAEDSER SIS, 20

e - rf ! o Trachea B
EFEIZFV VT albumin /& } . A <
| “y N I3 ) ...
- N N I lJ Bronchioles D
LDF Ry EOR S Ay ) Avockrakspace
BEEN D2 Y 7T \ :
° Typelcell
VRZEELRTnt b y )
\ Typelicell Interstitium

AThdHEEZDLN
T W3 (Ware &

sacs

Matthay, 2000) (Fig. 2).
FRRREN D D & X

JRDIVTF A
" ¥ Fig. 1. The schematic diagrams of the airway (A) (Patton & Byron, 2007)
gL LT, w2z and the alveolous (B).
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Hastings 5, 2004) (Fig. 3), Fig. 2. Mechanisms important in the resolution of acute lung

¥ 7= R R - injury and the acute respiratory distress syndrome. (Ware &
a Matthay, 2000)

. 11 BSRROHERER - C
& % keratinocyte growth factor (KGF) O/ERIC X - T 11 ZUHIIE NS5 L, 2 DOFEE5E L7 11 B
1 BERSOBEE OO 1 BRI EERRT 2 Z L6, 1T ESHAIE 1 BUHERR D progenitor cell
ELTOBREEZR LTS Z EDMBLILTUVS  (MacDonald & Hill, 2002; Warburton & Bellusci,
2004),

W, "M AT 7 /7 ad—DERIZEY, ZLDZRIE - RXTF PEEEL MG T
BN, FD%IIHEILED D OEERIER O VERNAEEID7- 0, EICHERAIE L TOFERIC
RESNDONFRTHD (Agu 5,2001), BED Quality of Life & 5\ \TZeM: - FIFEHS 2 UE
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Fig. 3. Transport pathways across alveolar epithelia.
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T HDITH, FERANARD L RFIOBRENLEI TS (Hamilton,
1995), ZDFEMO—o& LT, BIEALE L THICE R L7cBAK .
DRRBEBBEANATONTEY , ZHUTE > TH I E - XTF M !
AN DOLEERZFTREICT 2 Z L3S TW S (Scheuch &,

2006), _EIROFHOMMELHVESH S, TR X LRI - 2 1 - 7
TF RHEEES ORI L CE L-BER T2 E2 5T l >
W5, FEBKZ, insulin ZMHRE LI25EE. EHEECRD L) Z2efhod 'i ’

HFEAORE LB L TS AT RA T EY T 4 —BREVZ &N

HMHITVS (Owens 5, 2003), ZDXH iz, HEHFIE LTOFERIC

PR 5H T2 insulin OREfHRG-RFNEE I 2 HH7ERREA TR Y | Fig. 4. Exebers®
BRARRBRICBW T O AMERCE LML R SN TS (Galan D, (Mastrandrea &
2006), F7z insulin IFMNZH, & o7 EHEEL TIXCOHTRAANL e
SNFH L LT, 4 FEH 33,000 DERIMERHEETAREFED recombinant human DNase 73 #[E CT&
FWIIL TS (Frederiksen B, 2006), S HIZ, Z /37 « X7 F MEEZES D growth hormone,
calcitonin, granulocyte colony stimulating factor Z(Z-DV T b fRIRIC BT 2B TN TV S
(Scheuch %, 2006; Patton £, 2000),

L2LZRH35, insulin O K7 A /307 & —FU0% A58 & | CBA%E 4172 Exubera®ld (Mastrandrea &
Quattrin, 2006) (Fig. 4), & T#58s & il L TRIDSECO THDLH DD, A AT AL Z VT 4
—IIKI10%TH Y By LITEVE#L | HBORMDH S L Bi5 (Guntur & Dhand, 2007), S
(Z. insulin DfIZFT 2BUEZ ED LA A B2 I TS (Bahhady ©, 2007; Hussain &, 2004),
TDXHT, FURTE - RXTF FHEFERORINA 1 = X 52T 5 Z ik, BRI ENL-
PRI GRAIDBRFE L W o 72 BLRN D BIEFICEETHH L EX bILD, LR albumin DA &
FRRIZ, 230« XTF FEEERGORIRA =X LD 1 2L LT, hTUAYA h—T AN
EZDNDN, ZOFEMIOWTIIRATH Y . Bt LAz 1 B K& O 11 ZUHBRaR CHuBdRat
L7cEITZ LY,

ABFFECIL, MREREICAFAET S albumin S0 % L /X0 BD7 U T T o Ak, KW insulin %13
L &3 2% 5-8F OIS 2 AREA 3 5 72012, T v Milids S oIREEE U7 il bR a2
T, 11 ARG 1 B RRa ~ O EER# & albumin % 7213 insulin DIk AT A & & BIE-SF
TR L7,
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Fifa_ERZIE, TEAERY - BEABADIC R 5 T EUIRA R Of T 2R 2 B> HEEHRaA DB ST
VB, RRSRERAICH [ AR Q0% L bk KRS G T B, MM CHER LA, I
FHIRE 1 BRI & 0 < EEL TV B, ThBEEET 5 L, Il bRl 2 e
FIUET 5SRO T BHERROMAREIC O THERI L. TOFEREHRICTSZ
CITEETHH LEZXDLNS,

MY OBERAE L BB EMET 2L LT, inviro BIRET/VIEATH Y, Fiiln LRk
1B5 75 b HIMOMIE FARRA SN TS, —C, BT LRI (primay
culture) & HR{LAEAD (cell line) |ZAYHSND, PUEERIL, FHROBMS, RON RTINS
RS AT 5 bOO, H{LAH L Kt LT invivo DFHEE X ) RIRLIEFA L LTHIE S
BILTUNS (Steimer B, 2005), £7-. 7 v b % Fv iz Bl LR T BRI SRS < |
t NOPHEER L B LT, BRLSEE TR LSBESNTEY ., 7y MR
BB ETF LT % LEZ BTV S (Mathias 5, 1996),

Z ZCABE TR, Ml BRI AW EEBREZIHET A7 0iC, T v MR R
e FAVE, 1970 SR XY, Ty Ml b ORRE LR T BHEROIHEEEIZE L T Of
ERRENTEY ., T EROIRERENRSL SN TS (Dobbs, 1990), HE STV 5 Bk
OFT, AHFFETIE Richards 512 X > THiE S 7= ElisE Percoll HEEARUEOEIC LY 1 Bk
DB BEZ{T o7~ (Richards b, 1987), BRD X 5 IZdEEEZZITHEICIE. EDEEDIZDIZ
I ESRE 1 ERIC TR 0%, A3 LBl bfr T BIa b, o OREE ORI B XK
OHIZHE->T T EBHERRORKEL RV, 1 BUSERa~ EEERIRT 5 2 LMo TW D (Cheek
b, 1989), & Hiz, 1RMHEMINH - HFELARVWEE XN TRY . I EMBT, 12T
T2 < 1B5H80D progenitor cell & LTHEEAEL T3 (Uhal, 1997), F7z, I BEROHEERE
T B DR LSS TED . b EHET 5 2 L T I EMROMER RISLE > b
HRBWBIRENTVS (Wang B, 2007), —H5 T, 11 RN HREERE Uc T RSN T B
ORAEAR R L., 1 BMROETF L E LTHA SR TVWS (Steimer 5, 2005; Williams, 2003), 7233, I
RO L FEO AN LITFETH Y . WL OrD@|ENREIN TV, 1R EEOHREE
1B TR GRS 1T IR 10 0 | BRETHHFOEMN?L, EOFFASHRINTH
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% (Chen ,2004; Sakagami, 2006),

DL pBEITESERECIL N AR CIEEORE 7 /VERRORES 2 BRI L LT,
HERI B RIETRTF L UTHlROBBHEEICE B L, [ EEROBEZHRETX 21554
. HDVT B~ L TR S 5 - 0P EE LG ORE L E R T,

B TAHYKRRAT 7 ¥ —LHEEOHE

£T, T v Miib I Rk & Bk, 558 08I T 2R L L ToRER K OREDHE
ETRIPEBRFT 572012, ffla E5E I Bl CRACE IEESRO DA T VI YRR T 7 &
—ETEEZFE L7z (Edelson D, 1988), 7RISHEEL7- T ZMAAIZ, Richards D DMEIZESWT
35-mm culture dish 2 4 X 10°cells Z3BAE L, BERE#40> T I 3 7= 18 B 3% L OO
TF— b E2AWT, 2E TS pnitrophenylphosphate & 3EIZ 37°CT 15 7213 30 LA > Fa—
kL. ARR L7z pnitrophenol ZRETH Z LIZX W TNA VAR T 7 X —EiEHE2FHE LT, T
HVERRT 7 & —EIEHITEBEEZ O 1 B R bEVEEEZ R L, B8 6 BB ETREILIZL
T AR B RO & HTEONTEIEIHMET Lz (Fig. 5).

30 £
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20 |
15
10 |

(nmol/min/mg protein)

Alkaline phosphatase activity

Days in culture

Fig. 5. Change in alkaline phosphatase activity in rat alveolar epithelial cells during culture.
The isolated type I cells or the cells cultured for indicated period after seeding 4x10° cells/35-mm

dish were used. The homogenate of cells was incubated with p-nitrophenylphosphate at 37°C and

p-nitrophenol was measured at O.D. 700nm. Each point represents the mean + SE (n = 3-5).



F28 Ty MR R O 2RO REAIEL

EEE TR UHER L7 R, (SRR O LR LMl & v b I BV O Rt % Bt
FTEOLMESNTVEZ LD D (Reynolds B, 1999), FHHEE CTHEE L= %&IC sk 5 721 a3
D5 HIZER LKA O BlarHEL, —FIRBETIEREL, —EHRERT I Licdy I
BRI RS S MR 1 BB OREL R LE LTz, BREEY 1~8X10°
cells/35-mm culture dish {Z, F7-85%B%%E 1~8 BIZEAL é%‘ % B ANICAARZESARERIC &V TR
BEZTO. &b 12 E 72X 1 BESIEOT B RIS LRI Lz, B, HERER
ITHIRRE (L LR ERRTE LR THAMED) iz, 1 B0 AHEEAHETH
% lamellar body (BIREIAL) OFELFHEORIEL L TTo7,

9, BEEL 72 D ESIRRIEE RS SEAICEE T2 T2 AMEZEL /2, T EMROR#S
e LT, SBEMIMIURIE? BRAETHS LEA DK, 22T, #2 Bgicar 7=y b
LR BIERBEZRILIZE 25, 4X10°cells/35-mm dish TIEE L7854, 2 BREIOEEE Tid=y
INx MTELRD o7z (Fig 6A), £IZ T, Wﬂﬂﬁz% 5X10° cells/35-mm dish {ZHIM & w7
LA, ar7ixmy MIELE (Fig 6B), E7z. 5X10°cells/35-mm dish THEFEL., 2 BREERL
T AERUIST S ERAR OB R L, I EMERICE DA VIR T TS lamellar body 3BIER S N7
(Fig. 6B), 723, 5X10° cells/35-mm dish CHEREL 3 A RIS LI-MRRIZ. —E&F lamellar body 23R
LT TS HIRDFED biviz (Fig. 6C),

—F. 4X10° cells/35-mm dish TEREL 6 A RHER L7ioMiiaid, 52l I BRI R L T
3359 lamellar body 23—EFE - TV V= (Fig. 7A) &2 T, FEREEEE% 2X10° celly/35-mm dish £ T
TiF=& 2 A, #5536 B BIZRBWTHIRIZIZIEE2ICR L L T 1 BRI EEE L, lamellar
body HiEE A EHEL TS Z LB ENT: (Fig. TB), 728, IBEHBE S 1X10° celly/35-mm dish
FTTITEE. —EFREL L QW DR bz (Fig. 7C). H#-T, 5% 10° cells/35-mm dish
TIEREL 2 BRI LIZi@Ha (Fig 6B) 3. I BSRIDTIEZRFF L TR Y L E£72 2X10° cells/35-mm
dish TIEREL 6 BREEHE L7-4Ra (Fig. 7B) X I BHRAMIRE~ L TERBERL L TV B b D LIl L7,



Fig. 6. Phase-contrast micrographs after seeding isolated rat alveolar type II epithelial cells.

A: The cells were cultured for 2 days after seeding 4x10° cells/35-mm dish. B: The cells were cultured
for 2 days after seeding 5x10° cells/35-mm dish. C: The cells were cultured for 3 days after seeding
5x10° cells/35-mm dish. magnification x200.

Fig. 7. Phase-contrast micrographs after seeding isolated rat alveolar type II epithelial cells.
The cells were cultured for 6 days after seeding 4x10° cells/35-mm dish (A), 2x10° cells/35-mm dish
(B) or 1x10° cells/35-mm dish (C). magnification x200.



FEIHET IEMERRR O I B R RA) ~ — I —&f5F O mRNA S$BREH)

ATEIC I3V T T EHRRDEE /R Lz 5X10° cells/35-mm dish CHEREL 2 BRSIHSEE Li-fiie, &
U1 2SR DTREE 7R Lz 2X 10° celly/35-mm dish THRRE L 6 H Rk U7-/iEa % Flv ¢, I 2R
EU T BRI R RENCRER L TV 5~ — 0 —BE T mRNA EEORT 21T o712, TORKER, |
i~ —X—T& 5 rat type I cell 40-kDa protein (RTI 40) (Gonzalez %, 2005), insulin-like growth
Jactor binding protein 6 (IGFBP6) (Gonzalez ©, 2005). multidrug resistance protein la (mdrla) (McElroy &
Kasper, 2004) KR caveolin-1 (Gonzalez &, 2005; McElroy & Kasper, 2004) ¢ mRNA 81, 1#53%2
B L HE L THER 6 HEROMRIZBWTELIEL (550 5. —7F 1 Bfila~—U—Th5
surfactant protein B (SP-B) (Gonzalez &, 2005) J (X chemokine-induced neutrophilic chemoattractant-1
(CINC-1) (Gonzalez ©, 2005) ¢ mRNA FEHiL, #5356 BRIZBWTELET LTV (3-15% of
day 2) (Table 1), F72bb, ZHHID~—H—RIETF mRNA REANHCHIT BEERIL, S0kl
TERBRORER L AR LTz, SAEDORERZREE X T, 5X10°cells/35-mm dish THFREL 2 AR L
ToRBAR % T BUHERE, 2 X 10° cells/35-mm dish CTIERE L 6 F s U/ #iRa% 1 B L LCLIED
FERE(ToT,

Table 1. Change in the expression level of marker gene mRNA in rat alveolar epithelial cells

Gene name | day 2 day 6 ( dayRGaI:jigy 2)

Type | cell marker

RTI40 012+0.07 1.65+0.19* 126

IGFBP6 0.37+0.07 200+046* 55

mdria 0.15+0.10 217+065* 14.2

caveolin-1 021+0.15 11.26+1.67* 52.5
Type i cell marker

SP-B 1.26+0.12 0.19+0.02* 0.15

CINC-1 11474012 0.03+0.01 0.03

Total RNA was extracted from the cells cultured for 2 or 6 days after seeding 5 or 2x10° cells/35-mm
dish, respectively. The mRNA expression was analyzed by real-time PCR. Each value represents the
mean + SE of relative expression level normalized by GAPDH mRNA (n = 3). *p<0.05, **»<0.01 vs.

day2.
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Fififa LR D 1 B OV I BARERZ 1T 2 Wt & LR+ A Z L # B E LT, AET
137 v b DfiifE BRI B & AE R U, At LA 1T BB OV 1 B D £ 7 V%
BROWELZRAHR Tz, £\ Percoll AWV =TREGEEEAREINCEY T v Mo bl L 1
BHERZ BRE L7 b 2 5, IREEH0 30X 10° cellsiat TV, OREISIETTHE S il & R
T -7z (Richards &, 1987),

%1 ECIL I B CRACEV EERRD DA TN U KRR 7 7 & —PiEME 2 5l LI f 2.
TNAYHRRT7 7 & —EiEHS, BREL 7 N MR EER L BdionE T L, 20X 52%%
RERLAR OB EMETIRAEROHE L —FK L THY (Bdelson b, 1988), 123 A EDOBIAMIAE
IR L L CORENTHE L T Z &SRR ST,

ZTCE T, BREEERORR AR LSS T LTk TS | B~
FWHEROHEZRS, 1REREO I RERE L COBERRD & TRHEREFERF L
ZORER, BHBREMCRT DMIEBIEZIC X V| 5X10°cells/35-mm dish TIEREL 2 AfEE#EL
TR 0 RO R E R L, —77 2X10°cells/35-mm dish CHEFREL 6 B RkE#E LML, 12
B~ LT ERIRI LT\ D Z L AR E LT,

Wiz, 1Mk O T B0 RE~— 0 —BIEFIRE BRENTWSZ b, Zhb
O mRNA BEEATT5Z Lok y, ERTBREN 1 2k ] Eae7 v L LTo
BREVEL TWAENEEBREH Lz, SEER L 1 Bla~—U—Téh 5 RII 40, IGFBPS,
mdrla B caveolin-1 O mRNA FEUIHEE 6 AEOMIRICIWT, —F5 1 BflR~—I—Th2d
SP-B ’x U} CINC-1 DFEBUIIERE 2 BRICBWTELIEL . Zhh OFERITEDOHIIBORR &
RS LTV, Gonzalez H OIS (2005) 285 &, BEfEL7- I BHla 2 P EER 7 1 25
fa & HEEE & O 1 BHEIORICIE, 1EH8IR O 25 8ia~—5 —0D mRNA FEBUTEEHEIFED b
Nene——b—BEFELTWS Z EREHSNTND, LirL, SRIOBE Licv—I—&iE
F0 mRNA FHiT, FFFKICRT 5 T B R O ] B NT, gflan~<—I—&ETF
ELTEREGDRET a7 7 A NVERLTL, S DICHIREICBWT, 1 Biila~—Xb—mdrla ®
B S <) BClo P-glycoprotein (P-gp) DRMERTHIT LI, ik 6 BEOMIICRIRS
7= P-gp BAAEIY. 35382 AROMETIXIZL A LRDONEh 0Tz (RERT—F),

L EORERZBE 2T, 5X10° celly/35-mm dish CHERE L 2 B s UM 0 BaE 7 1 L
LT, 2X10° cells/35-mm dish CHERE L 6 BEE Uil 1 BUIRET V& LTHERTE S HO
LA L7,



HOE ke bR 1) 5 B lm s FHE O Y SAHIEMED LR

fiffd ERIZ 1T B 7 RV BORBRERZBE LT, ZhETIZEL OMERREN TS, Flzid.
FRERECAFES D # > /37 B & LT albumin, 1gG K} transferrin 2o\ Tid, BI5351L+E7
£ -t &, I ERRIT 1T 2 BB L CBRCEER R SNV (Kim & Malik,
2003), Ll &% v /37 BRI OEREEEOE 0, 1TERMS 5\ i 1 EMEOV T Tk
RHEODICBE L TEIRARRSE, T2 THRETIE, F1ECBO TR L I BaE ]
BHRET NV ERAWT, REOBRESTFWEDI VT T AZHBRI Lz, &2, FED in
vitro [ZBIT BRERE invivo ~MEFT D Z L ZHFITAN T, BT 288 S V37 EOBY 1A
245, DEMRE O BHia0F5-ROBE 3Rz,

F 18 DNA BRIEIZESW -0z

—RIZ, MRIZISIT 2WE OB Y AAEMEOFEEL LT, MIaY /327 Yz ) DRV IAKEH
Avboihd, LA, Ml ERIZRT 2WEIRY AT 5 T Bl E O ] R0 HF53R%
BT 5720121, FIiiT 2 5 Ra0HEES 5\ IXRERICET 21583\ T, Ml
D HHVNIRIEL - OBV IAKEEL TR T 2 LERH D L EX DD, €2 THAHAETIEL,
I BBR R ON 1 BB E 7 /WS 361 ) DA% . DNA B bHEET D Z LI X 0 MRS 72 ) OFRY
ABTEEORM R, £ T HRE#R OB I Bz AT, 20 DNA BZAIETSZ
SiIZX Y, MENEIE 1 E%7/20 d DNA &% 70pg LEH L7z, —RITHIEED DNA Bit, MiafEic
X B PTFREDME (7.0 pgleell) %#7RL (Downs & Wilfinger, 1983), SEIDEIXZDEE —FT B HLDT
Hotz, WIZ, FEOETHL L I MR O BRI L U TERT 558 ORRSMHITIWT
DNA EXHIZE L (Fig. 8A). T D{E% 7.0 pg/eell Z AV THIFREICHAE L7z (Fig. 8B), = HIZ, DNA
BORRBEAT oI v N R BHRETHZ LIk v & o3y BN offikx Bl
L7oAE 5, I AMIRSIX 13.2 X 10° cells/mg protein, I BRI 5.7 X 10° cells/mg protein & 72o7= (Fig.
8C), T ZABIC I BN | BRI 23 (5T Y . ZOREE. NI M &
D &/NELRHRTHD LVWIFEELIHEL TS EEX LIS,

-10 -



A B C
25 o= 400 ’81500
[2] —
— = (7] 4
T 20 1 © L 1250
2 « E 300 .y
28 15 £x g2
[ £
3@1 298 200 23 750 1
< 0 10 == =0
ZQ 38 82 s 4
oo g 100 5
x 5 T 250 A
e’ -— x
X =
() ~ o 0

Typellcell Type Hike cell Typellcell Typel-like cell Typelicell Type l-like cell

Fig. 8. Quantitative analysis of DNA content and cell number in rat alveolar epithelial cells.

A: DNA content per 35-mm dish was measured in alveolar type II and type I-like cells. B: The DNA
content measured in A was converted into the cell number using 7.0 pg DNA/type I cell. C: The cell
number per mg cell protein. Each column represents the mean + SE (n = 3).

FE28H FHEESFHEDORY ALY VT T v A0 BT

H 2R R O 1 BURRRIC IV T BERS TED 3TCICRBIT DMAR I VT I R, %
FTHEUNRTEYT-Y CEH L% Fig. 9A). T 1 EiTRO=F 17 BT OMIsEEAWS Z
LI X VAR AN OBV IABY VT 7 RAIZE# LT (Fig. 9B), 2B, EEEORY ALK
1. fluorescein isothiocyanate (FITC) ks % VW VTER LTz, TORBRWTHOFHEEIZBO T,
FITC-albumin &} FITC-insulin OV iAZRZ V7 5 2 AMOE 3T (FITC-IgG, FITC-transferrin,
FITC-dextran; 4 U} 70 kDa) & H#: L CTHBRO CHED> o7z, Dextran [XiRMET Y FY A b—V RA<w—
H—Th Y ZORY ARIEBEERITEE LRV EE 2 BT 3, -5 T, albumin X insulin
DO SARERITIL, (LI DEBEEY AT ADEETH 2 LAV EN, EbIT, HfaY
tvmmbﬂﬁﬁU7?yz?ﬂﬁbk%ﬁJﬁﬁbk%ﬁ%%ﬁ@*@HKhhmm@WD%A
7 V7 UARRLEL.. £ 0 BHRICIT AEIX 1 BRMia L b L a2 R LTz, —7A.
FITC-insulin 123547 285 ClImHila CIRIERBE DRV AL 7 VT 5 o A &kR LT,
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Fig. 9. Apparent uptake clearance of various substrates in alveolar epithelial cells.

The apparent uptake (total cell association) clearance (UL/h/mg protein) was measured at 37°C for 60
min in type II (open column) and type I-like (closed column) cells. The clearance per cell (pL/h/cell)
was estimated from the data of the clearance per mg protein, using cell numbers/mg protein in each type
of cells. Each column represents the mean + SE (n=3-4). *p<0.05, **p<0.01 vs. type Il cell.
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38 Albumin & U insulin B2V 5AB T332 Bl ERz T BUR O 1 SRR %5 5 5ROE

FifRREICI0T 2 I BB R O 1 B0 F 5L 2 EHT 2720I2, Ml sHkaskt., 18
MRS - 1 BIERAE=1.5 : 1 2o (Patton, 1996), BERFRIZEYARY VT T v Rk,
FITC-albumin T3 I B4R : I BfE=2.4 : | ThHolzZ Lhb, MlEtLEZ VWA Z LIZLVERY
ABOFEERIT 1 TR 1 BHIE=78:22 & BAEL Bz (Fig 10), %7z FITC-insulin {23V T,
BYAHZ VT T A8 1 BRI BH=077 : | TholeZ Lhb, HF5R1T 11 B : 1R
Afia=54 : 46 LHEH SN i= (Fig. 10),

N
o

FITC-albumin FITC-insulin

}

(8]
T

Uptake clearance (pL/h/cell)
=

o

Type Il Type l-like Type Il Type l-like

Fig. 10. Uptake clearance per cell of FITC-albumin and FITC-insulin in alveolar type II and type
Flike cells.

The uptake of FITC-albumin or FITC-insulin was estimated by subtracting cell surface binding at 4°C
from total cell association at 37°C in type II (open column) and type I-like (closed column) cells. Each
column represents the mean + SE (n =3-4). **p<0.01 vs. type II cell.
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A ME

B 1EITIL, invitro ORBRRIFESRC X VRO SN2V ABIEENS, invive Ti2bbEETD
BV IAEEZTFRTH5Z L2 BRI LT, MR 1 M2 OBV IAREEZ5HE LT, FMiCOmI
DIASEREZ TFRIT 556 LT, BENICEZRS 2 S0 1 2RO B0 MRS 5
IIREHDIFBUCIE DV IFHEENE X DD, RIEREM T, SHRROREEE ERICE]Y
B LIIREELEZ D), BHROMIEETHET 5 Z LI2LY in vivo ~DINFEZRRT,
AHFZE CIIHfaE 2 -9 5 72 DIZ, Ml DNA B2 HIE L7- (Cesarone 5,1979), 7238, +U 7
VOB L VREE—ZL, INDEIYY MBI LT L VKR OE R R, B2
ICH—IZT 5 Z LB EEETH VY ERRTHEII R IRE Th o7, BBFEZ O 1 Bifao DNA & (7.0
pg/eell), ITEGHINE - I BRI DNA BR OV VR BIZ LD, #2237 BTz OHas R
bote & 25, IBHIAOIE T EHIIADN 23 L ote, ~OREL, RIS | B
LV H/NROMRTHEZ L LRISL TN EEXbND,

ZOEERVTE 2 fiCiE, M1 B4 OSEE S TYWHEOR YV AREEZEH L, 20
FER AR R OV BHSHBRIEIZ FITC-albumin & UNFITC-insulin O Y SASTEMEDREIZE < 5>,
T BiE dextran OV IALIEMEL D BEBD TEP -T2 Z e D, M HIORBRRERES AT Lh
B5LTWab Z L Einiz,

%5 3 HiCiX. FITC-albumin & U* FITC-insulin DIREEKFHIRER 0 AIAEMEIZ VT, MflcisiT 5
11 2R OV 1 BB O R 5-ROBA M E R 72, Z 2T, MilZduyT I 2T I 2R L v b
FLSEESFHEL QOB LGET AT LI Y., FHROFSRE AL o7 (Patton, 1996), &
BERAFEY A 1 EY 720 DB AR Y YT 5V ANBEM LIz & 25, Mz} % FITC-albumin
DRV ABDESRIT N BHEK - TRIHIRE=78 : 22 L BAEY bz, E£7-, MilZI8i) 5 FITC-insulin
BV AL OFERIL B - 1BIRE=54 : 46 & 2ol BFED L Z A, MRZiiT 5 I BaRk
CIEMROFS 2 REL - T-@EIIRY 62, o THRIOFEL, ffa LRz Ay
T EREFEROFERD D, invivo CONMBLREFICANIINZI T 28E0RE: FRIT2 L TH
AThaeEILDLND, £, HROFT LWV ALEINCESINTELFE, I EMRIIRR
HIOC 2 B BN b OO VMY ) $5< . FHC albumin 28I LCHE 140
FECHEVEDALEEEZ R LI L 51T, T EHIRIEY VR BORY AW CEERERZHE
S>TNDHZ LTI NI,
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FME fifd ERHIIZISIT 5 albumin BikRHE O

55 1 EiZISV VT, FITC-albumin DB Y IAGIEMEI OB FH'E (insulin, IgG., transferrin, dextran)
EHER LT, OB R O BRI & BICEW 2 LASTR &Nz, THETIZ, albumin DX 572 #
YR BOBEEEICET 5 b, BB AREEOH DI L LTIL, =2 F¥A b—2RIZ&
B AHEREIE ST D (Hastings 5, 2004; Kim & Malik, 2003), T~ F¥A b— R, /MA
FORRICEEET DHRES /30 DB L V5P LTEGE. 27 TR Y UATEER DG T NTE
.y FYA =Y RZHEEND (Conner & Schmid, 2003; Mayor & Pagano, 2007) (Fig. 11), 7 5 &
U UBBUMRIX, 7R VEHLESIE 3 AN DD ZHEEN, ZREY VAV ERT E TS
—ZURYE AP LT DY v I —R— OB V&R CH D ([EE~120nm), 7 T R
U T R b=V R, MRERZ 2 T R Y o CRDLIVEBEERS < UHLTHA Lz,
MEE LTHAR OIS bOThD, T KA h— AEEOHT TS TR Y UAMERT Y KA
F=3 R3S K<KHRENTEY,, ZORREIT UTHELLT S LB Z—b transferrin receptor,
low density lipoprotein receptor (LDLR) family %, #1%5< @5 & TV % (Conner & Schmid, 2003),

—F. ARE T LIXERE~60nm D7 T XA ROBFEAEEETHY, 7 TR ) LI ENICE
7252 JIOMERVIAHBIEB THD LEZLNTND, T TIE ATV NS Z 13
HLOBREN, —HMOMERRSLY A VAOHRNBARIE TH S Z L bHALMIR>TNS,
Flo. ANF I VAT a—ARRT 4 v TFEIRE R EORREITINA, G Z v 7 EREHEX
B EORNERMECED S ¥ Ly BREE - TR Y | MlaNFREEEETLHD L
SHhTW5% (Conner & Schmid, 2003; Mayor & Pagano, 2007), |

IHETIS, Ml R 1 AMIIIZISIT 3 albumin OB AT, gp60 (albondin) R UH AT
PEETDZ EAHRESNTVS (John 5,2001), —7F, HHFREORR TIX. HEEile LR 18
#AE RLE-6TN (23317 % albumin OEX VAL, 7 T A Y UATEET Y R A M= ZHEET 5
T EEWE L (Yumoto D,2006), - T, Mifd E5Z 1 Z4HIETIZISIT % albumin OERY IALIEHEIC
B L CIERIZBRRORHPIRIN TV D, S HIZ, IFHIIZISIT S albumin DRV IAZIZEE L Tl
B|ENDRK . TR & OBEERB LT RbI TRV,

Z ZCAE T, FITC-albumin DY ALBIEIZOUVT, :1:9 FHA b= RBREZ L T
R R O] BUARHRO R CHBHRET L Tz,
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Phagocytosis Macropinocytosis
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dependent dependent Clathrin- and caveolin-
endocytosis  endocytosis independent pathways
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Fig. 11. The classification of endocytic pathway (Mayor & Pagano, 2007).

% 181 FITC-albumin OFARIPNTELT D EA K

Albumin (353 F 859 67,000 DEEES » X7 B CIHIZEBIZHFEL TRY | M & L7 gl
H 5 EEIIHKI 60% TH S, Albumin (IEIZBERZEEDOTHEIEEE L TWDN, TI /B Vv
BE. RAIEV, BEUNLEY, PR ERAWEDX ¥ VT L LT, EEROEFEHEHERICEER
&2 F7- LT % (Hankins, 2006), AE TIE, FITC-albumin ZFH\ T, 7 v MIMEEEMHE B
HARRIZ 31T DBV SAHFREIZ OV TRRET LT,

FITC-albumin OFBRPNEATRE 2 AT 5 7212, £ FITC-albumin B ¥ iAZ DB K OVREEK
FHEIZOWTRRT L7, 7236, LIBORETTIE. BV IAZEMEITHIRL & 32 Y72 V) OB iR
BIC K VEHE L7z, 37°CIZE1F 5 FITC-albumin OFE Y A, 1T B RL OV BURHIRRILIC A %
23— 3 U 60 43 F CIRIFERAQCHEN L7- (Fig 12A), 72, I ESRQICIIT DBV SAATE
A 1 BRI L 0 S EVEMEEZ R L2 Z &k, RIE TR E—FK LT, —FH, A%
2 —3 a3 60 3T HIT D 4 COMEIL, 37°CIT bk LB IR | BAREnR BT %R L7z (Fig.
12B), & bHlZ, FEESL—V—FEMSEEE VT, FITC-albumin (50 pg/mL) & 37°C£ 721X 4°CT 60
DA v Fa—Ta v U N EREZBE L L 2 A, 37CIZRWTIMIEMNIC FITC OEEs
RRICBD b8, 4CITBWTIZE A LR bR o7 (Fig 13), ZNHDORERLIY, 1
TR B OF 1 BURABAR L Z 351 F % FITC-albumin BR V) 3AZMZIEE LV REERTFED GRS Dy, Rk
ROBEENREZ bz,
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Fig. 12. Time course and temperature-dependence of FITC-albumin uptake in alveolar type II
and type I-like cells.

A: The uptake of FITC-albumin (50 pg/mL) was measured at 37°C in type II (open circle) and type
I-like (closed circle) cells. B: The uptake of FITC-albumin (50 pg/mL) was measured at 37°C (open
column) or 4°C (closed column) for 60 min in type II and type I-like cells. Each point or column
represents the mean = SE (n = 3-5). A: *p<0.05, **p<0.01 vs. type I-like cell. B: **p<0.01 vs. 37°C.

Fig. 13. Confocal laser scanning micrographs of type II epithelial cells.
After FITC-albumin (50 pg/mL) uptake by type II cells grown on glass bottom culture dishes for 60
min at 37°C (A) or at 4°C (B), cells were observed by confocal laser scanning microscopy.
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Z T, 1 ZEIIZ3817 D FITC-albumin BX Y IAZDBERFHICOWTRE LTz, TORE,
FITC-albumin X YV AZIIFEMHEL R L, AMBROFEENRENL (Fig. 14). EHIT,
Eadie-Hofstee plot {Z X W fi#hT L7z & Z 5, FITC-albumin OV IAZIZIZ, BFMEDRERBDRL L
b 2 O Y AHBEOFFEINEE NI (Fig. 14), F7z. Michaclis-Menten K& 0, #HEEZREY/ <
T A= =R LI L Z A Table 2 IR EAE DTz, E HIT EMEDFEBRIZHER L7z 50 pg/mL
ZBITDBEE L R T DOFERIT, WHAERES 98%. (EBBEREN 09%, FERERI 0
% (HB) B L1%EEHEN, '

>
V)

70
60
50
40
30
20
10
0
0 2 4 6 8 10 0 -100 200 300 400
FITC-albumin (mg/mL) VIS (u/h/mg protein)

FITC-albumin uptake
(ng/h/mg protein)
V (ug/h/mg protein)

Fig. 14. Concentration-dependence of FITC-albumin uptake by alveolar type I cells.
A: The uptake of FITC-albumin (0.05-10 mg/mL) was measured at 37°C. B: Eadie-Hofstee plot of
the data in A. Each point represents the mean + SE (n=4).

Table 2. Kinetic parameters of FITC-albumin uptake by alveolar type II cells.

Km Vmax K
(mg/mL) (vg/h/mg protein)  (uL/h/mg protein)
High affinity 0.076 237
) 2.00
Low affinity 30.5 50.8

These parameters were estimated by analyzing data (Fig. 14A) using Michaelis-Menten equation.
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Michaelis-Menten equation

Vmax1 *S Vmax2 =S
= + +K*
v Kmi+ S Km2+ S K>S

V: rate of FITC-albumin uptake (ug/h/mg protein)
Vmax: maximal rate of FITC-albumin (ug/h/mg protein)
Km: Michaelis-Menten constant (mg/mL)

K: diffusion/binding constant (uL/h/mg protein)

S: concentration of FITC-albumin (mg/mL)

5281 FITC-albumin Bt Y ;AHD =R VX —R1FHE

TV FYA b= R FROBEFIEHRENCE < Z LIk ) MO — AR L THIREMIC
WEEZRY AL, XN —ZBTEFATIvIRARV N CHD, Fiz, Ve —HfEET
Y RYA PV RAOHIERTFD 1 2L LT, =2 FY—ANOBEHEEBRZEIT B3 Nelson &
Harvey, 1999), HIBINICERVIAENIZY HY RE L 72 —DfEHT, ZDxTY Y —ANOEE
{ERNIETH Y | B LiZz Y —ABIZFFET S vacuolar H-ATPase Rty K —ARIZ7 1

2T 52 LITEVEND Z BB TV D (Nelson & Harvey, 1999),

% ZC, FITC-albumin OFIFENBITIZRIET=RAX—RHEEA sodium azide (NaN3),
2 A-dinitrophenol (DNP) DE2E, KU vacuolar H'-ATPase FHEA bafilomycin A; (BAF) DEEIZOW
THRaZ1To7, £, NaN;, DNP T 10 53 fRLE L7z, £ 5% FITC-albumin & 3FSET
BV AHFEREAT 1= & T 5, FITC-albumin DI Y iAZ I BRI TIX= v b e —L 0 10-20%
FC I EBRRTIEa Y be— O 35%F TIET L7z (Fig 15). BAF 1330 Sy ORILE DT
W, ZOHMKIZEER L, FITC-albumin ZHMLA V¥ 2_—a s Lk 25, NEERTEa
v hE— D 18%IC, 1 EURHIET TIZ 40%ICHBIZIE T L7z (Fig. 15), #€- T, I E2HfK T
BRIV YUV YT FITC-albumin OFRIABITIZ =RV F—EKEER V& 7 57— 7EME
T KA b— ZDBEERTRENT-,
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Fig. 15. Effects of metabolic inhibitors and a vacuolar H'-ATPase inhibitor on FITC-albumin
uptake by alveolar type II (A) and type I-like (B) epithelial cells.

The uptake of FITC-albumin (50 pg/mL) was measured at 37°C for 60 min. Cells were treated with
10 mM sodium azide (NaN;) plus 5 mM 2-deoxy-D-glucose (2DOG), 1 mM 2,4-dinitrophenol (DNP),
or 100 nM bafilomycin A; (BAF). Each column represents the mean + SE (n = 3-6). **p<0.01 vs.
control.

# 3 FITC-albumin DT RHA b—3 2 BEDHRYT

AEICBWT, LEeETF—NTEETY FihA bV RO ENT-Z L b, £ 057
BRRIC OV TR L7z, $£7°. FITC-albumin DHIRRNBATICRIT D7 7 A Y UEET Y FYA b
— ¥ ZADBIFIZOWT T EHRR O 1 BHRHIRRRT CHEBWENT L=, 2 BEOIER. Thbbs 5
RAY v L EBNROBEIMEBERDT I T =2 I AP2 DY TR Y Na~DES%H
%35 chlorpromazine (CPZ) (Wang 5, 1993) KUY TR Y L DBEV &5 2 DDV AT A RE L
AL, BER 5 BBEBEEHRTHIZLETI TRV UATEEZY FY A b—V REHETS
phenylarsine oxide (PAO) (Ruckert 5, 2003) ZAWCTREZ21To7z, ZRBIEFANL, PAO TIX 10 7
DEHLBOZ, CPZ TH: 10 SO HLUEICAN % C FITC-albumin & $£fESETA v a—ay
1 H LB #1T -7, CPZ RTRPAO 3tz T BUR OV BURHRAY Y3 AL DHBRIZ 33V YT b | FITC-albumin
OB Y IABEET ST (Fig 16), T, TNOOMHERIOEEFIL. 1 EHRRD 53 1 B4R
XY bIVMERIZ R LI &0 D, 7 FRY UATEET Y FA b=V ROFEIE T EMROS
DENZ LR ENT,
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Fig. 16. Effects of inhibitors of clathrin-mediated endocytosis on FITC-albumm uptake by
alveolar type II (A) and type I-like (B) epithelial cells.

The uptake of FITC-albumin (50 pg/mL) was measured at 37°C for 60 min. Cells were treated with
844 uyM (30 pg/mL) chlorpromazine (CPZ) or 3 pM phenylarsine oxide (PAO) as described in
Materials and Methods. Each column represents the mean + SE (n= 3). **p<0.01 vs. control.

IHIZ, 7R URTEET Y R A b= RZRETHZ EBAONTWS, BEEERUY
U U AEBALE DB OV T H RN ZT o7z, THONEIL, BIHTELTCNDE 7 TR ik
FERYRE, 7 7RV VEB/MAZHERISES 2 L2k, 75 R ) VfEEx Y B A b—Y
AFMHET D EEZ BN TS (Hansen b, 1993), FEAEQRL, BESA/E buffer (920 mOsm) T
TVvA rFar—var Lk, EEEZEUEREE buffer T VX a—a Uy &fTol, WY
U LAREBLEIX. T, Y U LAT Y —DEEEEE (146 mOsm) buffer TS5 43, iV TH Y U AT
Y —D%iE buffer 311 mOsm) T5 {7 VA v Fa—al$5Z 81250, HIREROIY U
LrEEBERT, F0O%, HEEZEDIY VL7 Y —0%E buffer T U FaX—altbE
L VFHE LTz, ZORKR, AV U LEEAE CIIESREN/ NSV L OO, FAEIZEL Y T EE
BB OV BURHIRIZ 361 5 FITC-albumin BV SAAIIBHE S iz (Fig. 17),
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Fig. 17. Effects of hypertonicity and potassium depletion on FITC-albumin uptake by alveolar
type II (A) and type Iike (B) epithelial cells.

The uptake of FITC-albumin (50 pg/mL) was measured at 37°C for 60 min. Each treatment was
carried out as described in Materials and Methods. Each column represents the mean = SE (n = 3).

**p<0.01 vs. control.

¥z, Ty MIMEEERIIE ERCHIIRIZ, 7 TR Y VHEERER D 1 O TH S clathrin heavy chain @
mRNA 3B L T AEIFER LTZ & 2 A1 B EIRKR O I BUSRHIFRIEIC mRNA FEGEDH LN

7‘:: (Fig. 18)0

35 r
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Type llcell Type l-like cell

Fig. 18. The expression of clathrin heavy chain mRNA in rat alveolar epithelial cells.

Total RNA was extracted from the cells cultured for 2 (type II cell) or 6 (type I-like cell) days after
seeding 5 or 2 x10° cells/35-mm dish, respectively. Each value represents the mean + SE of relative
expression level normalized by GAPDH mRNA (n=3).
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VU EDRERND, 1 BER O T BAFMRIZ IV T albumin 1327 7 2 Y UAEMET S RA b—
VAZEVEBIAEN, LD LT Z=DEET S I LAVREZ, Albumin ZHY iAte Lt
TE—L LT, BEMRAEMRICBWTATY v EOF 28] VOBERRESNTEY
(Christensen & Birn, 2001 & 2002), 156D L& 7 & — 3t B T ARRICIBWTHREBR L TV D
EDHENHD (Kolleck 5,2002), = Z TRT-PCRIZEL Y, AHFFRIZISUNCTHESL L 7= oM \EERSE M
THEE L7-ftif B R 1 R R OF 1 BURRIC B WO T O RBLL TV A EDHER LTz, TORER,
T =D TRINDNAEIZ (AT ,646bp, F=2EY 2, 652bp), RT 472 ha—/L
ELTAHWET v MNEBRE. 1AMk O BRI 2 TIZIBWT AT Y KU 2 B » mRNA
RO/ RAMRH SNz (Fig. 19), 7238, HEEZITHOR272% 7M. (RT(H) (2O T
Ny PR SN2 oT=Z Linb, BREHENTZ/NY RiZT 7 2 DNA RO S D TIXRN T LA
MRS,

A
Renal cortex Typell Typel-like

bp RT(+) RT(-) RT(+) RT(-) RT(+) RT(-)

500
600
700

«—megalin

marker

B
Renal cortex Typell Type l-like

bp  RT(+) RT() RT(+) RT(-) RT(+) RT(-)

500
600
700

«—cubilin

marker
Fig. 19. The expression of megalin and cubilin mRNA in rat renal cortex and alveolar epithelial
cells.

Total RNA was extracted from rat renal cortex or the cells (rat alveolar type II or type I-like cells)
cultured for 2 or 6 days after seeding 5 or 2 x10° cells/35-mm dish, respectively. The mRNA expression
was analyzed by RT-PCR. The PCR products with (RT(+)) or without (RT(-)) reverse transcription were

separated by electrophoresis through 2.0% agarose gels and visualized under ultraviolet light with
ethidium bromide.

-23 -



RIZ, 77 RY UATELBMONTNDIRFTHEETY KA b — ROBEEIZOVTHE
Prive, FAFEAIE LTET, indomethacin (IND) % FV V2, IND I, H54T ONEE(L & HERIEA~
YINDIFA 7V TEBETDHESON TS (Visser b, 2004), IND % 10 4yFATLER.
FITC-albumin & $4£ 8 ¥CA L% 232 o Uiz & = %, FITC-albumin 080 A% AU 35
WTE L Uo7z (Fig 20), EHIZ, HOIRFTHERTY R A b— ZAEERTH S
nystatin (NYS) & O} methyl-B-cyclodextrin (MCD) DFEEOWTHBRE L=, NYS RUXMCDIX, #
RASTRRICHEILFRED 2 VAT 0 — LR Bk Z2i2L Y, ﬁ&ﬂ'iﬁéﬁﬁéﬁﬂ%ﬂ‘
HLEEINTWS (Kim B, 2007; Sieczkarski & Whittaker, 2002), FHEAILEIL. IND & REEIZ 10
SEORPLMEIZIZ, BE LT v FHa—a b TB5Z LiItEViTolz, Z0ER, IND KO}
MCD W hvd | FIRBRIZ 51T % FITC-albumin B Y JAZZH U CIREZRIIEED Dhvied o 7= (Fig.
20), f€- T, OIEFARR O BUERMRRIZ 331 B FITC-albumin B Y AITIE, IA T ifEtE=Y F
FA b AEE LR D LRSI, |
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Fig. 20. Effects of inhibitors of caveolae-mediated endocytosis on FITC-albumin uptake by
alveolar type II (A) and type I-like (B) epithelial cells.

The uptake of FITC-albumin (50 pg/mL) was measured at 37°C for 60 min. Cells were treated with
100 pM indomethacin (IND), S mM methyl--cyclodextrin (MCD), or 54 pM nystatin (NYS) as
described in Materials and Methods. Each column represents the mean + SE (n = 3-6). *p<0.01 vs.
control.
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HAE ARSI T O FITC-albumin D4R 5

—RIT, MREPNCE D IAENT=Z R ERORTF R = Y — 22 RALTY VY —A
AT LRSI, HDOWNNIA VF 7 MeEE N T VAV A PV RAINDRENBE X DI
% (Gekle, 2005), U Y YV —AIBEAFET D ATP IREED T 0 bR A2 X v, L pH 5 £
KRR SN TR Y . BRI R pH % b MK REER S RE L T\ D, £, 1 EHIRI
ANTRTBEELTBY, VY —LBFEEL TS (Uhal, 1997; John 5,2001), —J7, 1254k
EANTRTBEEAEFEL TN EEONTEY, VY Y —AIT LA EHEEL T e
ZZ b (Uhal, 1997), 2T, 11 BSHBAPICER Y SAE 7~ FITC-albumin DA REEIZHOUNT
pulsechase fi##T 21T -7, 2 HREIEEE L7=#RIZ FITC-albumin (50 pg/mL) Z#shNt& 60 31 o
23— 3 L, FITC-albumin % & £72\  buffer ICBHE L 72, IHITA v Fa—Ta s Lk
DM 7 % VT SDS-PAGE £AT o 74, S VBOMEE T LA B A A =TT F 54 FeT
BH L7z,

ZOFER, 3 FER 67,000 FHILIZA ¥ 7 R 72 FITC-albumin D/ KR OV VSRS 3R LTz
FITC L Bbhn v R3S (Fig 21A), 748N, HEhcianNoA %27 b
FITC-albumin DFRAFE (% of 0min) % & Y fkfE~7 2 > k L7z (Fig.21B), 27y b, A
X an— g VEREIRTFRICHIREN DA & 2 72 FITC-albumin (38 L, BRI R I T
WA Z BRI, £2, Ty MIEREE TR LI L, MIEND 1 RIBRRICHEY WE
KT DT LAREHL (ke=0.0088 min™), ZOMBAIPITEIIIIHAITA 80 4 & HHH &7z,

A Incubation B
FITC ; 5 )
standard  time (min) FIT?-aclibudmm o
Q 30 _go stepdard E
r 1\ r = O ; T r “ Q
PR —— E— T
- gE
Intact o “06
FITC-albumin ‘—;l,’ °
=<
(8]
S
=
10 — 1 "
r | 0 30 60 90
Incubation time
R UG afteruptake for60 min (min)

Fig. 21. Time-dependent degradation of intracellular FITC-albumin in alveolar type II cells.

A: The intactness of FITC-albumin was evaluated by fluoroimage analyzer after separation by
SDS-PAGE. The data of cell samples after pulse-chase experiment described in Materials and
Methods were shown. B: The fluorescence intensities of intact FITC-albumin in A were shown. The
values at 0 min were set as 100%. Each point represents the mean = SE (n = 4-6).
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B5H i ERRBRIZISIT B FITC-albumin O HRRRENE

Jififa_EBGHRIC I3V VT FITC-albumin 1%, 7 7 X Y VA fEMET Y FYA b= RIZX o TRYVIAE
N ZEBRALNIIRoT, Ty MR BRI VT albumin i3, apical {15>% basal
RIOF FHRFAITEESND Z L BAHE SN TS (Matsukawa D, 2600; Kim 5, 2003), #Z T,
e ORISR Uiz T » M ERHERIZ 38V VT apical f]5>5 basal {8}~ albumin 2SRt & TV
BOEHHRE Lz,

I AR L L CORFHIZIX, fibroblast growth factor (FGF) family G35 KGF (FGF-7) 23§51 T
WBZ EeBMmbN T\ (MacDnald & Hill, 2002), F7z, T EEEM S 1 BB~ OREERNIT,
transforming growth factor B1 (TGF 1) I2 k> CHIEIE N T3 & BN T3 (Bhaskaran 5, 2006),
KGF i, RIEMHY A b hA VRRAT A FRVEEORIC X o T, SHEFRR UM MNLE N
BRI BASI, /357 U AL > THRRITS (MacDnald & Hill, 2002), —. TGF Bl I
RS AW E I, EDOBZWORREIC Lo T I B BEEERNA— b7 U Iz k> THIfE S
T 5 (Bhaskaran 5, 2006), 2T, DX ) 72 in vivo ISV EESRFIZT B 7=DIZ, KGF %
N U 7= FV T, BB U7 T BB % Transwell® L CEEE L., 6 BRICEREERICHER Ui,
= DR OBEGEHE (transepithelial electrical resistance; TEER) 13 500 Qem? TH Y . HE SN TS
TEER i & B8 U TIED> o 72 (Matsukawa &, 2000; Kim ©, 2003), £ Z CAZEER Tl paracellular route
# L CHiE S35 FITC-albumin Z#H1ES % 729IZ, rhodamin B isothiocyanate {E# dextrran
(RITC-dextran) (~70 kDa) %\ &7V b L——fiT 235 1=, 4BV V- dextran X, albumin &
[RRREE D4y FEH 70,000 Db D% V7, RITC-dextran DEGREE THIE L7z & Z 5. FITC-albumin
O apical H>5 basal HFI~DEERBEE SN, A VF=2~X— a2 5 BERIEBIZIT basal A~
SN7-BiX, apical {llzHNM L 7= FITC-albumin DY 0.76% & 72 > 7= (Fig. 22),

( Fig. 22. Apical-to-basal transport of
[ FITC-albumin across alveolar epithelial
cell monolayers.

Cells were grown on Transwell membrane
for 6 days in the presence of KGF (10
ng/mL, day2-6). The transport of
FITC-albumin (0.5 mg/mL) at 37°C was
normalized by the transport of RITC-dextran
o 1 2 3 4 5 (70 kDa). Each point represents the mean +
Time (h) SE (n=3).

© =2 N W b~ O

Transport clearance
(l/cm2)
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FOHEN /ME

BIEIZIBV VT FITC-albumin X, T BRI BUERHREILIZ FITC-insulin, FITCIgG R X
FITC-transferrin {ZHo~TEUY IALTEED G < . FE 72 B IAFBRRITIHT & DO RBRIEmE S AT b
DRGSR SN, Eiz, 1 EHIICIST 2V ALIEMET T AL Y a2 LA 50
[Zigolc, £ THEETIE, =2 FYA b— ZEEA HUINT FITC-albumin OB Y SALHHEIZ O
T, DAL 1 BGAaR CHEBRE T 21T o 7o

£9% 1 8iTiX. FITC-albumin BX Y ;AHOEEAFHEL M L7z, I BRI O 1 Bt
FITC-albumin B Y iAZHEIA ¥ 2_"— 3 60 o F CREIRFICHM Lz, 7z, BMVIARIZ
IITHERASE R LV BB RAEMEDERD DL, D2 L i3 I BRIy VO E A L — Y — BRAeEE
BIZL o THRHERE L, (- N8z, VY Y —h&Rfat3 LysoTrackerred TA ¥ 21—
2 Uik 25, U Y Yk b FHRICPES pH AT 5 lamellar body bY@ 57 (Chander b,
1986) (data not shown), LA>L. ER L —F S CHE S lamellar body DOHFRMNRTEX
FITC-albumin DJFELIZRRD D ThHolz, ZHDT b, I BRI k> TRV AEhiz
FITC-albumin i lamellar body (21384783, RLEGIN MR TREN- L 512, —8BY VY —AiH
T 2FREEDE R 5D (Yumoto 5,2006)

E iz, A 36T 5 FITC-albumin X Y A DRERTFIEIZ OV TRE L e & & Afafntt %
AL, 27K &b 2 MOR Y IALESEOTFENRR SN, -, 1 ERoS iRz
% Km fEiX, #53% I B8 RLE-6TN TOfH (0.13 mg/mL) & ﬁ%}i'@&o 7= (Yumoto ,2006),

FC. BRI 98%% BB 50 pg/mL 0 FITC-albumin OB ) IABEHERRE Lz, =
FNE—RBEFEERIOREIOWTRET Lz & 25, DERU T EUHEHEIRIEIZ FITC-albumin B Y iA
HIBEICRESh, =XV —RIFEIR ST,

-, VEF AN R A b=V ZAOBIEIZOUWT, vacuolar H'-ATPase FHEAICH S
BAF # AW TRET#{To 7 & 2 A, Wit FITC-albumin BV AT EICHE vz, iz,
vacuolar H'-ATPase DFFIZ L Y L7 ¥ —NEET Y R A PV RAEEMBMET L2 Z L2577
B|EDDHD (Sasaki B, 2001; Takano b, 2004), LA EDFERLY ., I B R OV BUERHRRIC 31T 5
FITC-albumin B 0 IAZHZIE, TRLX—EKGERR VBT Z —NMEE Y R A b= 200575
TLREXON, ZORFBRIL. Ty MK LEARRICIV T, albumin 3B Z—4
PR B A h—=SRIZE o TRYAERD &1 5 Hi L —83 5 b D Th 5 (Matsukawa &,
2000; Kim 5,2003), KiZ, V7 ¥ —AEET Y RYA b= ROFTHRL L<MOATND Y T
Y VEPIRE TR Y FYA b=V ROBEEIZOWTRE LT, 7 TR Y UArfEE= v K
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YA b= ROBFARVHELELAVTRE L& 25, T RMRERO T BRHROVW-TIC
BV TH FITC-albumin BV IAZIWD Uiz, 1T, il EEGHIBRIZISIT 5 albumin BX 0 5AZIZIE
I FRAY URTEMET Y R A b=V ZAREE L TWAZ LREX O, E-UBIEE=RIZBWT,
s b B 1T Z5HAE RLE-6TN (2351} % FITC-albumin DR Y ARITIZZ T R Y A fEET Y By
A M= APBEETHZLEBMELTEY, ZISRIORREZFTHHDTHS (Yumoto B,
2006),

EHIT, IRF TIEET Y FHA b=V ZOBEEIZOWTHIRET LIz & 25, BHifRIZIsWT
Z DREFEDOEEANT & - T FITC-albumin DHY ;AZIIE Shigho 7z, SEIDER L I30HRENIC,
T v b BIHEEE Uiz T EMERRIZISIT S albumin BV 5ARIZIE, gp60 BRI~ T HEEET 5 &
OEENRH B (John 5,2001), L L, &1 ZEZISU T IR caveolin-1 D mRNA R34
TIEWZ & AHER ST (Table 1), £ 7= caveolin-1 D & /37 ZERITATRE R T BHHIARIZ ISV VTRV
= L BRERSTS (Campbell B, 1999), & BIC_ ERO X 5 1C., H36HHH 5 I 54K RLESTN
BWTZ FRAY VAT Y R A b=V R BG83, I-_FITMEETY FHA b—v
HEE LN E2HE LT3 (Yumoto 5,2006), - T, 27K &b TAMRICEBNTE, &
_EFAEET Y FYA b—3 XX albumin BU IARIZEE G- Lisn B2 b,

—75 . 1 BUAia TR ST albumin DY ;AL 1 MG H B OF T A e B L 72 b DT
HBM, Thi b I EROENERTFL TV Z LICHAERT 2 bOTh S IMrERHRARV, I
RER L 1 USRI\ VT albumin OB ALEHEN R CTh o Z LA DIk, AIEORREMED
EZDNDH, P-gp HREAS I BURAR N 1 BUKHRAM TR > TV Ve GRERT —F) 2L &Ex
BhEd L, BEOTEELEETER,

752 VAT R A b=V RIZBET 5 L e Z—DWHT, albumin D F¥-A h—
VACEETAZLDLLTAHY U RF 28 UPRHLNTEY, ThHiMCBRICKITS
abumin D= F¥ A =Y RAICBWTEERERZBoTWE I EXRESHLTVDS
(Christensen & Birn, 2001 & 2002), A H U L% 2 €U OREBIL, T v MIIERMR LR 12K
FUZRBNTH 37 LYV TORBDHERENTEY (Kolleck H,2002), AERIZBWTHVV I
BHRR N 1 BEHIIC O T, mRNA LV CORBREREE L, i, SEEHS W T
BRI 351T B Km fE (76 pg/mL) 1%, BSENRAE LRI TR GV (7-20 pg/mL) &L
LD THoT= (Gekle, 2005), XHIZ, TNOHDMEIET v PO LIF 2 €Y L albumin DOfF
BEESL Kd 0.63 pM (40 pg/mL) & HIELLL TV Bim 5, 2000), X HIZHSE, BROFIBIZEBNT,
albumin =Y YA b= RZAH Y A%V 7 Z—0BE 38 S, F7- albumin BV iAZD
Km{EbH 2 pM (133 pg/mL) &3TELL TV iz (Casartelli B,2008), ZHHDZ L hHATREMED 1 DL
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LT, AN VRUFa Y 58 1 BHRR O BUHIRIZR1) 5 albumin DER VAR ICEES345 =
EWNREND, LD L, TORBREITRFTDEBNRT T ARBBRETIIRY - 59, siRNA
(small interference RNA) HED L7 ¥ — %[ ET D/ DDOERIMENRMLETHD, —FH., UL
2 RLE-6TN HIKUZ 31T AHETTIE, native albumin (FEEEEE albumin) D RANT D Km fEiX. 10.6
mg/mL (158 pM) & [FIHEAIZ351T 5 FITC-albumin DEEFHEERED Km EIZHA_RTEVER T Z
EE|E LT (Yumoto D, 2006), 4 EIDPH ISR - BZHIRE Tl native albumin DFFuEIZ O
TIIRF L TRV, V7 Z—IZE L TGERT DT, ZORIZOWTHREEMA 3 4E
BhHBHLEZXDND, Eio. BIHEDRAR S 2 DOFEENZ O 1 BEO LS ¥ —nEE LT
W5H, BAMEDRRS 2EEDO VT — 5 L TCWANIEIFRHATHY, ZHIZBELTHEID
BHTERBRAT 5 BB D B, |

IIZ pulse-chase FEHTIZ & O T EHIRIPIZHERL Y 5A £ 3172 FITC-albumin DZENZ-OU VT, SDS-PAGE/
TNABAL A—=TTF AP —EANTRE Uiz, ZORER 1 NP0 FITC-albumin HERSH
AR, T ORI 80 43 LEH SNz, ZOfEiE, RLE-6TN MRS vCRIE DRt
ZATOIREDE L IFE—F L TV, 28, SO T ERERRIC L > T) Y Y —A
& FITC-albumin DJSTEIIRERBHIRARD -T2 b DD, RLE-6IN A TOHRE & FEREIZ, MBI
xv P4 b= R &N/ FITC-albumin i3—8 Y Y Y — A THREZITHHDLEZDND,

S BT, MR HRFEPICIR D A SN, MPHHEA~ERE SN S DEDRETT 572D
Transwell® Z FA VN TR % 1T o 7=, RITC-dextran (70 kDa) bﬁas’g%vﬁmfm Ziizky
FITC-albumin @ apical fll5>5 basal I~OEEEFHE L= & Z A, BRESHER I, SEIORE
T, NEIBOHERRTF & LTaLN TV S KGF OTFE T TR 1T olz, —AIC. 11 BHIRE
ROTEMNR S UCEHEIT 5 720 Transwell® L CO8#SERM L LTIX, $5i~0D KGF OFRMOF
B X VRS R ELES B TITo TV A EERER TS (Widera D, 2003; Bahhady &, 2008),
EBXZ, Transwell® EICHERE L7- I BUBAS % KGF 77E T CHEE ATV, JEAEE T LB L C N2
fae—h—DOFEBRIEL | 1B~ — —OREEMENZ & 2R TEERH S Borok D, 19982 &
1998b), L#*L. KGF OFENAHTIE, AR O BT T N ERELT DITIIR TS TH S
FIREMED 3 Do & HITKGF DR THEE LI T, v — b — R T ORBEHER T D%,
HIRASHE DT b FIBHCFT o - L CRREERICOVTER L TV B MBI RY - 520, Zhbo
T L EERBITAI, ERICER L-REE 6 BRITIT AL, MIiaS A 7R E i kR
fa& UTHIVVE, E> TAH%ORRE L LT, Transwell® EIZHEHE L 7= 1 BS#BIa %, 372 tight junction
EFRRERTORIEC I Bl & U CHERFI D584, bV B la~ L IWEER S ¥ 57
DRI ERNIT D Z L BURETH D, '
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BIVE il ERAAIZIST 2 insulin R OFRT

Insulin [ZFEARAS 53, O FEDHK 5,800 D 21 HOT I VEEIHRESD A S{L 30 HDT I B
DD BEA 2 DDVANT 4 FEEGIZ L Y 2l o =& %752, Insulin D X 5 IZHEHISFY
A ZXDINENZ Ry (RTFR) OFE. Ik (paracellular route) & FRHIRRERRE
(transcytosis) DWIF OEEERROSFTREMEL L TE X DD (Patton, 1996), b MM IEEMRE_ERL 1
SRR 2 FIVVRBHIIO T, insulin O BANF OBEAREE dextran & FHETHD | KFH
EVAT LIRS LN Z LATNRIITNS (Bur B,2006), —77, il EEHIRAMI O tight junction
(X, Mo LRl XV bEETHD Z L AMHNTIY (Patton, 1996), Afifa EEMKIZIVT
insulin DOHAKIFEBEGRE (paracellular route) DHFEIIPI VSO LHERISND, EHIT. Ty MEE
RLERME _EFZHIRRIZ 384T B insulin DER VAKX LT, =0 YA b= AL E®FZ—D 1 OTh
BZATY OBEEREEIN TS (Orlando 5, 1998), F7z, AH Y V@iﬂﬁiﬂ@.t}i%lﬂﬂ@t::‘sb YTH
BEERBHLN TS (Kolleck 5,2002), foT, T F¥A b—s AEHHS, Ml ERICHIT S
insulin DEIREIZEE 532 Z LIT+DCE XD, LALARAG, fifd EEHIIRIZIS1T 5 insulin D
BRSERICB L Tz e A LT e B R OV 1 BUERART TR Y SAZHECm 0 1A
HEHEOBNZELTORATSH S, £ CAETIE, IRROT RHHMEZ AT, insulin DX
D AHHERERTEMEIZ OV TRET LT,

%181 FITC-insulin DHIRZHIBIT D EARRE:

E9°. FITC-insulin 1 Y AGDEEKAIC SV TRE LI L 2 5, 37CTO BT OBV A%
2345 ACTCORBEEEOFIED, T B TIIH 60~70%. 1 ZURHIKR TIIH 50~60% & Eh>>
72728 (data not shown), LAREOD FITC-insulin B ¥ ;ABEERIZIVNTIE, 37°CTORMITOIY 1A%
B0 b ACTOREEEREEZZELSIWVE (MVIAHRE) IZX VFHMili L7, FITC-insulin B Y JAZD
REFHEAFEIC DV TR L7 & 25, T EMIRR OV T BURIICISV T, A v as—ia VR
60 4 % TIZITERRANTINM L= (Fig. 23), KIZ insulin B ¥ AHDIBEERRIFAEIZ DV VT, FITC-insulin
(20 pg/mL) & FEAZFK insulin (0-1980 pg/mL) ZIAFIE S Z LI &K Y FHE L 7=, Insulin DEY IAZRIT,
I AR R O 1 SRRt C Aotk % R U (Fig. 24), Eadie-Hofstee plot (2 & 0 BT L7z & = A&HIMR
(23317 5 Km fER U Vmax {id Table 3 IR fEE I odz, £z, T RHRRIZISIT 5 Km {3 T Bk
HERRDEL Y H/hSVEZR LT,
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Fig. 23. Time course of FITC-insulin uptake in alveolar type II and type I-like epithelial cells.

The uptake of FITC-insulin (20 pg/mL) was estimated by subtracting cell surface binding at 4°C from
total cell association at 37°C in type II (open circle) and type I-like (closed circle) cells. Each point
represents the mean % SE (n = 3). *p<0.05 or **p<0.01 vs. type I-like cells.
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Fig. 24. Concentration-dependence of FITC-insulin uptake in alveolar type II and type Ilike
epithelial cells.

A: The uptake of FITC-insulin (20 pg/mL) in the absence or presence of various concentrations of
unlabeled insulin for 60 min was estimated by subtracting cell surface binding at 4°C from total cell
association at 37°C in type II (open circle) and type I-like (closed circle) cells. B: Eadie-Hofstee plot of
the data in A. Each point represents the mean + SE (n=3).
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Table 3. Kinetic parameters of FITC-insulin uptake by alveolar type

II and type Ilike cells.
Km Vmax
(mg/mL) (ug/h/mg protein)
Type il cell 0.944 158
Type I-like cell 3.00 240

These parameters were estimated by analyzing data (Fig. 24) using
Eadie-Hofstee plot.

%28 FITC-insulin B Y iAH DT RV X—{KTFH:

FITC-insulin OHIRABITICRIET =X —REEER NaN;, DNP OFE, KT vacuolar
H'-ATPase FEHA] BAF OB OWTHE R T2, 72d8, BREEFOLESM:I3 FITC-albumin B
DALERR L FREL L7z, Figure 251279 X 512, NaN; R URDNP ABIZ & ¥ FITC-insulin BV 5A
AR EI N, —77 BAF QUgiL, 1 2HIRICI81T 5 FITC-insulin R 0 3AZ LAYRE Lird>
o7z (Fig. 25) - T, 47K &b NGz T, — L7/ ¥ —IrfEtETy Mo b—2
A2 X o Tinsulin RV IAFN TO B RTREMEA R & 7z,
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Fig. 25, Effects of metabolic inhibitors and a vacuolar H'-ATPase inhibitor on FITC-insulin
uptake by alveolar type II (A) and type Ilike (B) epithelial cells.

The uptake of FITC-insulin (20 pg/mL) for 60 min was estimated in type II and type I-like cells. Cells
were treated with 10 mM sodium azide (NaNs) plus 5 mM 2-deoxy-D-glucose (2DOG), 1 mM
2 4-dinitrophenol (DNP), or 100 nM bafilomycin A; (BAF). Each column represents the mean + SE (n
=3). *p<0.05 vs. control. N.D., Not detected.

%38 FITC-nsulin Ox > R h— ABHEORRIT

I BHIRRIZEW T, — 88, L7 7 —EET Y B b= ZMEE LTV B FTREMED R &
Wiz, EZTET, 7 7R UHfEETY B A b=V ROBEIZOW TR Z{T27, 77 R
U URTEET Y FYA b— ZBRERITH D CPZ R PAO DT OV TREI L& 25, TH
HIR R OV BHRHIRSEIZ FITC-insulin BUY JAGIFRE Ehizd o= (Fig 26), 723345 BIRET L7z CPZ
E O PAO DEREEIL, FITC-albumin ORHIIVNTRHELN RN RO HNI-HEE S V- (Fig. 16),
SBIc, WEEERUY Y & MSBLEOHEII S C ORI LR, 1 BEIECS T 58
BENEBZERNT, BESRIIERD LN L OOREDOEEIXD TN TH o (Fig 27, LL,
IEHRARRIC 38V Y Cinsulin & F2EEDSrFETd 5 FITC-dextran (4 kDa) DRV AN RIFS HiR%E
JEAMBDEBIZOWTHRELIZL 25, FRIAEINE (Fig.28), UL LORRXLY, 752
VR Y B A b=V R, T EGERE O ] BUEHARIZESIT B FITC-insulin BX 0 SAZIZITEE S
L72WATEEED S R ST,
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Fig. 26. Effects of inhibitors of clathrin-mediated endocytos1s on FITC-insulin uptake by alveolar
type II (A) and type IHike (B) epithelial cells.

The uptake of FITC-insulin (20 pg/mL) for 60 min was estimated in type II and type I-like cells. Cells
were treated with 28 pM (10 pg/mL) chlorpromazine (CPZ) or 3 uM phenylarsine oxide (PAO). Each
column represents the mean + SE (n=13).
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Fig. 27. Effects of hypertonicity and potassium depletion on FITC-insulin uptake by alveolar type
II (A) and type I-like (B) epithelial cells. ‘

The uptake of FITC-insulin (20 pg/mL) for 60 min was estimated in type II and type I-like cells.
Each treatment was carried out as described in Materials and Methods. Each column represents the
mean % SE (n=3). **p<0.01 vs. control.
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Fig. 28. Effect of hypertonicity on FITC-dextran uptake by alveolar type I-like epithelial cells.

The uptake of FITC-dextran (500 pg/mL) for 60 min was estimated in type I-like cells.
Hypertonicity treatment was carried out as described in Materials and Methods. Each column represents
the mean = SE (n = 3). **p<0.01 vs. control.

7T AY VIENMESETY B A PV RERITEDIZ, FA T I VR L > THRENS
(Mayor & Pagano, 2007), %A 7 I iEK45rFE GTPase D 1 T, < UN7ZIEFEIRIVIME L LTH
HEONBBEC/ERT 5 Z L 85TV 5 (Kirchhausen &, 2008), Dynasore i34 A 1 > GTPase
EHEOMERIT, A F I VRFEES Y B A b= 2% [%ET 2 (Kirchhausen 5, 2008), % Z T,
FITC-insulin Bt Y iABIZRIET dynasore DEEIZOWTRETT A2 LT, FA4 T I UHBEELTH
BOEHEHE Uiz, Dynasore DLUEIX, 10 BT LA ‘/ﬂe:m"—*/ a 1% & 51T FITC-insulin &
FEIF T Fa—TarTHILICLViTol, ZOERE, dynasore IIFMIZIZIIT S
FITC-insulin XV iA%ZFHE L, £ OMEZNFRIT 1 BMRIC W TRICERE Th o7z (Fig.29).
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Fig. 29. Effect of dynasore on FITC-insulin uptake by type I and type Ilike epithelial cells.

The uptake of FITC-insulin (20 pg/mL) for 60 min was estimated in type II (open circle) and type
I-like cells (closed circle). Cells were treated with dynasore as described in Materials and methods. Each
point represents the mean =+ SE (n = 3). *p<0.05 or **p<0.01 vs. control.

RIZ, 7T RY UATEELAND T A F I AR Y B A b=V AR L LT, IFFHTE
Py FYA b= ROBEEIZOWTRET LTz, BERIE LT NYS ZHVWTREILZEZA, I
FHIR R OV UL Y U238V T H  NYS (X FITC-insulin DHR 0 5AH & BHE Lied o7z (Fig. 30).
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Fig. 30. Effect of nystatin on FITC-insulin uptake by type II and type I-like epithelial cells.

The uptake of FITC-insulin (20 pg/mL) for 60 min was estimated in type II (open circle) and type
I-like cells (closed circle). Cells were treated with nystatin as described in Materials and methods. Each
point represents the mean + SE (n=3).

o
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%4 FITC-insulin LY SAIMIRITT Z L0 BHAF O E

RIEAIZISV YT, FITC-insulin D= FH-A b= ZEHIZOWT, T BERTIXEIC A4 IV
BAFMET Y KA b=V RICE 0T, [ BURMICIIEICF A 7 I VIRKIRED T Y FHA h—s
AEHIZ L o TRV IREN TS Z LIRENTA, FHRRRIIRHTHS, 2T, = By
A M=V AERIC L >TEE SN D EBX DN AHIERR S V37 BTl 5 albumin KT lysozyme
AV, 2 b & IF IR0 FITC-insulin BV AR RIS TEEIT OWTRET Lz, £,
albumin (10 mg/mL) % AFXH 5 Z L1Z X > T FITC-insulin OBV ARIEEIZES L, TEE
FETIXa Y br— D 17%E T, TR CII42%E TIET Lz (Fig. 31), —HF. lysozyme &3t
FIRDHZLick Y., 0 EHRICIT 5 FITC-insulin B AT 22 570 L. 1 RISHIRRIC 30T
DEY AT 1.7 5T L2 (Fig. 31),

2250 ' **
2200 | I
[1})
F - 2150 -
g2 —~
£5 T A~
3 o
25 250
S 200 F *%
!_
= 150 }
2[00 [ P —
ok *%k
50
0 —l
Control Albumin  Lysozyme

Fig. 31. Effects of albumin and lysozyme on FITC-insulin uptake by alveolar type II and type
Hike cells. '

The uptake of FITC-insulin (20 pg/mL) for 60 min was estimated in type II (open column) and type
I-like (closed column) cells. Cells were treated with albumin (10 mg/mL) or lysozyme (10 mg/mL).
Each column represents the mean = SE (n = 3). **p<0.01 vs. control.
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E|SE B RPN B LR ) ~0D FITC-insulin D%

ZHVE T insulin Dffifa_EFZIZ 3517 2B HBQEREIZ DU TS < 8 ST Y | insulin [ X apical
AR basal HR~OEEEASRIS TH 0 | [ BHRER O T BMRICBIT sBXRELRSThHD L
DEED DS (Bahhady 5,2007), F7z. insulin DRANT OFEEEREIL, dextran (4 KDa) & HBZLT
IHEAETHS L OBELHS Bur b, 2006), FD7=%, SEOKRITIE T B Transwell®
OB LB FEERENIC TEER 239 1500 Qom? T 5 Z L 2REE L= b 0D, Bk Hatt % sHE
THITIIFET LITEVEY, £ 2T, MIEAICEY SAE 47z FITC-insulin 23 basal {4722 by
FA~NRE STV D DEDNICOWTEREH TRET LIz, £3°, FITC-insulin (50 % 72iZ 100 pg/mL)
% apical fUiHN L, 60 A > ¥ 2_— a3 o Ui % 35§ U714, FITC-insulin & F 72\ buffer
B L, SHIC 60534 ¥ a— g U EITo kD, MIRPIZER Y A EN T FITC-insulin
basal I~DBEETE LT, TORBE, AIICID AEN - FITC-insulin 1 basal B~ &1
TV Z LA RENTE (Fig.32)

50 r

40

30

20

FITC-insulin
(ng/hiwell)
|,

10

50 pg/mL 100 pg/mL
FITC-insulin concn. for preload

Fig. 32. Transport of FITC-insulin from intracellular compartment to the basal side across
alveolar epithelial cell monolayers.

Cells were grown on Transwell membrane for 5 days in the presence of KGF (10 ng/mL, day2-5).
After uptake of FITC-insulin from the apical side to the cells for 60 min at 37°C, cells were incubated
with PBS-buffer in the absence of FITC-insulin for 60 min. Transport of FITC-insulin from intracellular
compartment to the basal side was measured. Each point represents the mean = SE (n = 3).
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FoHn /ME

fififa_ERZ T Bl OV 1 ﬂﬁ%‘fﬂﬂ@%ﬁﬁu\f\ T FYA b— REEH % HLINZ FITC-insulin (OB
D IAHEEIC OV TRE LT,

9% 1 €T, FITC-insulin BV -AB DEEARAE S FHE L7z, IREEFKAFAYZR FITC-insulin OHY
Q&Kowfﬁﬁbtézé‘H@M@&ﬁlﬁﬁﬂﬁﬁﬁﬁéﬁ@ﬁﬁdJV#:&—VaV%
FOWME TR L7z, £, =RVF—RBFLFAIC X > CTHEMIRIZISIT S FITC-insulin XY
RAHITEAESI NI L0, TINVF—EEEIVRENT, SHIZ, WMREIZISY T insulin
BV IAHDRERFEC OV TRE L2 & 25, ctafmEdlBO oz, £ZTET, vacuolar
H'-ATPase [HE#| BAF OFEIZ OV TRET L7 & 25, FITC-insulin BV iAFZx B BRI RIX
I BRI RENTORBIRIN, INHORRLY . TERMRTII—R, Mor0Le7s—%
AT BT KA b= AEBHEE L, 1 I CIE L7 7 — 585 LAV L ¥kt
BRI BE 5 5 TR E X s,

Z ZC I B IR O T BRI\ C, FITCHinsulin BV AR ICEED B F¥A4 b— R &
BICOVWTRE B Tole, T 7 TR Y VATEETY B4 b— ROBISI OV TEDMEA]
ERAWTRELEZL A, T EMIaERC T 2R3 FITC-insulin B Y JAZMTS L THERRIX
BEIN o7, SERAVWEEHEEAIOREX, PUEE 01 HERETC 1 BRI 610X
RLE-6TN #IZ 31} % FITC-albumin BR V JAZHTH L CHERBBD bNRETH D, S DIT,
7 FRY URTEETY R A b=V ZAABELE THEEBEERU Y U AEBLE ORI D
WTHRBRERT L7z & Z A, FITC-insulin BNV ARITHOTNICBEESI N, 2L, SEEELEX 1
EIFAIAQIZI51T B FITC-insulin BV 324D %72 5§, FITC-dextran (4 kDa) DY A% HHRICILE
L7z, ¥7-mEBEEAREIT, Hela AIRICZRWTYZ TR Y UATfEET Y YA b= R ITIA T,
Ty RYA b— Rw—H—0D FITC-dextran DRV IAALEE Lz DL S H S (Lane D,
2004), ZD7=¥), FEEELEIZY TR Y AEET Y FYA b= RITRERMZIBELE L ITE
VEENSDEEZ b, TROORRERGHNTEZD L, WiiaIZIIT 5 FITC-insulin DHLY
RAIZNET FTRY VAR B A b= AR E Ltcb"ﬁl’ﬁﬁﬁﬁi‘ﬁ%énto

75 R Y VIERERET Y YA b= BB OV TIISRIERH R SRSV 3, SEE, TR
RV LTSRS ED HILTRY . fESN O REINTVWDS, TV FhA b= ZREO
GREREL LT O»OBERFET 28, 772 Y VIEMEET Y FA PV RERIT, ¥
AF IV DEFEC L o TEDITHETHZ LB TES (Mayor & Pagano, 2007), & AT I ikr
¥ F¥A b= RTBWT, K CNEEERI/MaE UTHRARONABRIERT 5 Z L mbih
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TWD, £IT. FAF I UKIFEIC OV TRETT 57202, #1473 GTPase [HEAITH S
dynasore Z IV TRETEAT o7, EDFER. dynasore 13 1T SR O T BRIV - HIZB\WT Y
FITC-insulin BX Y iAZ %2 fHE U723, FHEZSMRIX 1 2RISR W TRICERE Ch o7z, TR
BUWTHE SN dynasore 1T L BFESIRIT, WEERZIZBWVTHEE L TV I AR ORHE
ThHHAREMELTETERY, o T, [EUREIICIT 5 FITC-nsulin RV ARIZIX, A4 F IV
KFET Y A PV ZABROBEL—H5H D L EXDNEH, EILF 1T I VIEREED
R4 b=V ZBBRBEE L TWA LD LHERINS,

RIZT FAY VUANDF A T IAREHEDRE TH D, H_A GRS FYA b—T R 2D
WTRET L7, BEAIE LT NYS ZRAVWTREIL-E 24, T Blak T 1 ZURMRICEITS
FITC-insulin T Y SAZICH L CRESTIITRD BhadsoTz, #oC, THIICHT S insulin O
VAZBRITIE, A FHAEETY FYA M=V RIZEELBRNEEZ B;I’LZ)O

Mayor X Pagano {2 L 5= F¥A b= ZABEOSGEHTLD L. 7 T AY ATHIRFTZITHIK
LV, BROEBBALNICRY 20b D, TOFEEAMFEIRTHHERICESINTERS
&, DB TIEY TR Y VIHRIAED DI RA FIEFFETH D ¥4 T I ARFEHEOER L LT
RhoA FREHEMAS, 1 RN TIZF 1 7 I L IHEFFEDRRRE & LT CDC42 %7213 ARF6 FRHIEER
VEET B AREMED S D (Mayor & Pagano, 2007), Fififa L5z I ZRa K OV BUMIAQIZ 331 5 insulin
DFARILER D IADERERFET DITTE R DRELETH S, FHIZISIT DY RAHRS AT
AL, albumin OB LTSRN CRR S Z LA LN 0T,

I BRIV T, LT Y —NEET Y FihA b—Y A0SR ENT-, Insulin BV A
HIEETBLELONS LET Y —L LT insulin VS ¥ —0R[EEHED 1 o0& LTE L DIS,
LA L, insulin L7 % —3fila ERAROEEFRAICREBE L TS Z L 2RRT5MENHD
(Kim & Malik, 2003; Yamahara ©, 1994), %7z, 4EID culture dish LD T, insulin HSEE
EI~BREL TWA Z LixE X, S BIZ, insulin L2 ¥ —0 insulin 2035 Kd fli%, 7 v

AR TR ERRIRRIC BV TR 2.0 X 107 pg/mL LHEEN TV S (Sugahara B, 1984), Z D
X, SEOBRFCEHS L Km E (1 24448, 0.944 mg/mL; 1 B4R, 3.00 mg/mL) &iIKE <
RRDbOThHD, $6-o 7T, Ml EEMIIZIT 5 insulin OB Y IAKITIL, insulin L& 75 —i1B
ELWbDLEZ BN, tOBRICBIT A VeIt 5EHE LT, AHFV T v b
BHEALRAE ERARICIIT B insulin OBV IAZRIZHT B LETSF—THH LI WMERDD
(Orlando &, 1998), LA>L. fiZZ & 28HEIIR 467 Ml LEERIZISVTOFR
TEETHY ., ATV COBEOFEI OV TISERDOBRHPLETH D,

F I fhDIRRI 51T B insulin B ¥ IAGIZEE L Cid, IS PEGHIARIC 31T 5 insulin OER Y 52728
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LTEESBERH Y, B4 T %4 L7z insulin OB AZBRRIZIBWT, insulin L7 ¥ —KR
insulin-like growth factor I receptor (IGF-IR) DBIE-AVRLIN TV D (Wang B, 2006), Eiz, H~A4
FITERRERICEHD B & VRV BMES L TEY,, 145 OB S cSrc-kinase DFHE
R, insulin LB 75 =D 7 ) )URERRIZEI S S phosphatidylinositol 3-kinase (PI 3-kinase) D
FEIZ L o Tinsulin OEVIAHDMET T2 Z EAVREN TV S (Wang 5, 2008), ABFFEOfifilE LR
BIIZ351 B insulin B SATAICHE, A FAFEET > K94 b— R EWinsulin L& 75 —I3B85:
LARNEZEZBND DD, ZNHD YT IGEREH insulin B AHZEEET 2 55EHIIARH
ThHY. ZOLIBRBENLLOFITLLETHL LEZ DD,

B EiCBWT, 7T RY UEETY FYA b= RIZEoTERYRAEND Z EBHLNIC
727z albumin, FUMEDMDHZ /37 E & LT lysozyme (14 kDa) % FHV T, FITC-insulin BX ¥ A
WCRIETHEIC OV TRE Lz, £ OFER. albumin 1 X 1T SRR O BUHEEARICIS1T 5 FITC-insulin
B ABZEE L1208, 1T lysozyme [ XBHIFRIZI31T 2 FITC-insulin Bt ﬁ#&fw‘@ét‘m ot ¢
HOFERHND, albumin KU insulin Z—EBISEOERIZ L > T2y FYA b= RERTNBTZ L
DPINRE N, FIEEMEOH A IGEDOEIR L LT, TEMIRICEW T, 77 R Y UAEETH IR
FINEET LRV LT — ROV B A b=V ZABRBEZ DD, £D 1 DORRENE
ELT AIRV Dy —L T F % LIz FYA b= AT biLd, Albumin Z T insulin
ARG CIIT =4 E LTHEEL TR, ARV Oy —Lb T ¥ —i3T7=F %2V HF
L3, EEME albumin 2OV T, ARV Py —L TS F—cLoTxzy RS b—T R &
N3 Z LRPE I TW5 (Steinbrecher, 1999), —77., 1 BUFHIKAIZ 33V Y Tid insulin BV IAZIZ LE
TE— 35 Lo Z LGRS To e, HEORKE E UTUIREET Y P A b= ZADE L
b5, Efz, lysozyme I &5 FITC-insulin Bt 0 SAHDTCHEERIL, 1 T4 AED lysozyme & 7=
A AED insulin & OFFEAWEEIERIC X A TREMEAVRR Sz, Zofile LTHEBRIZBW T, X
FAAERY 7 2 BETHS poly-L-omithine {2 &> T, il ERHIIRIZISIT 5 FITC-insulin (DHLY
RHBTTHEIND Z EFHALNIILTND CRERT—F),

PIE, albumin & [T insulin OB Y SAZHEHEIZ OV TR LIZAER, albumin & TR insulin fEC
B IAGENR R DR L ol BAONWAEELE LT, %‘ﬁ%éné YAy ROG3FIARR
BIREFOBNEREZONDEN, ZNOOERDOAZTHIATHIIIRTRHY . PHEOBENZK-T
TV RYA b AREONEE BT 5 - LIRS CTHD L EX BB, Albumin DT KA

b= AR BT A EMEFICERT D &, BIERAE LR CIEA T Y 2T L2 TR Y
UREHET Y RYA =Y RI2E o T, ENEHRRTIX gp60 %4t LIz A~A FEET Y B
A P—YRZESTEYIAEND Z DD (Gekle, 2005), RILF /7 HTHoTHEBIZ L - T
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BB T AENDFREMDRHY . FBBIC X > TLE S Y —DREGLRRDTD, ¥
NRIBOREZ X o TRV IABEEESET 5 Z LIXBES TR, 20, SE/ LA
albumin X insulin MEY IALFAEICBT B RITMZ., D& R 7 OBV ABFHEZONT S
T3 52 LT, ZUNTELEORYIAHERICET HFEREZNET D5 LR ETHD, i
LETZ Il Lo TR END & v BOEMNERLINTT S Z & T, TOWALZHIA LI-RHA
REHI LY L0 RIS TR SRR DBRRE A~ OIS bR S D,

BT, Transwell® Eizsg# U7z il _E BRI ISV VT, apical fA>OMIBERICIRY A ENT-
FITC-insulin 1¥—3%B. basal Bk XN TNB Z L 2B LT, LA LB I ETHLR~ L 51,
MAFFFEAND b T 2 RAYA b= REREERRRERNRIT OV T N EGHIRR O 1 B ERaR] BT ¢
BT-®ITIL, 58E7R tight junction 24 LA>D I EUIIR OV BUHIRORHE R (REF L -9 it
BT NWVERLT DLEBH D,
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%
a fm

P EABIRTIE, MREREICIEET S albumin EOF I EDI V7 7 288, KW insulin
ZIX U LT MR SRFI ORISR S AZIT 572012, 7 v Mifid DM U= fifla EEH
Bax VT, RSN 1 BABE~DFZERER L albumin 35V i insulin OBRES AT 2 & %
HOT TR 21T o7

BIE Ty Ml BRSSO RE(L

7 v Mhbfifka LR 1 EGEHa A RERIHEE L | PINEE 1AMk O L BN T 7 VEBER & HE
S U7z, BifEL7- ARSI 5X10° cells/35-mm dish (54X 10* cells/em?) OEETHEL, 2 B
e UT- MRS LR T B ERE T L & UC BREL 72 I TGRS 2 X 10° cells/35-mm dish (22 X 10*
cells/em?) DEEETIERE L. 6 H g UM diing i I BMae 7N & LTIERICE 52 L,
HARFZRE R O 11 B4R - 1 BUHIRRIC B RIS RBL L TV B~ — U —E{R T mRNA EBTIC L Y
RENT,

FTNE MHEEEERICBT B TWED T VT T A0

IR bR 1 BSEIR R O 1 BSIRE T V& RV CEHld % Z &2 X ¥ albumin & R insulin
DY IAATEMEL, 1gG P transferrin ZEOMMOB S FHE LB LE LBV EBHLNITR-
7

BIME file ERHERIZIT S albumin BREFHEORET (Fig. 33)

FITC-albumin DR 0 ;ABIEMEIZOVYT, R | {EM72 Y OMVAMERZEH LIz 25, fiild
R T BSRIOTERE S TR 0 A9 2.4 B | BRI HABRRNLE TN HARa=1.5
LARE LIZ35E, MR 2B AROFLE-RIT I BN 4 530 3 Pl EZ D5 2 LAH
BANTIRoT, IR ALERIIE, T AR BRI 7 T X ) UTEET S B A b
—IAREE L, IATAEET Y B A b=V REBEELRNWZ LR ENT,
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FIVE il EEHIRICIST 5 insulin BERHEOfENT (Fig. 33)

Fififd bz 11 YA K O 1 BUHARE 2 7= Y @ FITC-insulin OE Y IAREMIL, 1 FIER%ETHY . fffa
KEIZBT DELY IABDEFIZ DU VT FITC-albumin D& & FRRICEH L= & Z A, 1 B R O
[ BRI IRAEIC RS LTV D 2 ERALMNT e o7, —F, B IAGRERIE 1T BB R OF T B4
R TR MBI TIIEICS A T I AREEDND I TR v« AT T IFEREFEORIRIC L
2T, 1 B TIIEICHF A T IV IHERFHEORRIC L > T2y R A b= RASND T EAVRE
iz,

VU Eos R, FAREICFEET 5 albumin DX Lo ED 7 V) T 5 L AREOMEBRRC, insulin
ZIXLOELTDHE U NIE - XTTF FEEELORMHRERABIFEOT-DOFHARIERIZ/LHHD
LEZbND,

Albumin Insulin
m L
>
Typellcell  Typel cell Type ll cell Type | cell
| | | |

Cell number inthe lung Typell cell : Type lcell=1.5:1

| | |

Contribution of
[78% l 22% ] uptake in the Iung_| [54% 46%]

Endocytic pathway
Clathrin-dependent Clathrin-independent
Type ll cell Type |l cell Typel cell
Type | cell Dynamin-dependent | | Dynamin-independent

C@e@e others

Fig. 33. The contribution of alveolar type II and type I cells to albumin and insulin internalization
and their endocytic pathway.

The differences of the size among arrows reflect the differences of the uptake activity of albumin or
insulin among type Il or type I cells.
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Co 5

D THET, ARFFEEAT D ITBR L., MAAERE R DT, HHHERIEDY X LIEBRERTF
REESEARETIR ERERFEMERE BEF BA ZREUD, K Hith HEEdR 5
T BF BEISEATRHHOBERLET,

AL DIERITHT=Y | e OEBIE, HEEZIBY ¥ L, KERFERFRERRIRETIR
B ONE FE OB MR & R BR ORER BR M BRE HEBdRICIRELE
R

FBIROBITICHT=Y . BHEECRVE LA FH Bk B B ZFh B Fh
St M thE KU, ERIEAIFEPREER, APPSR RICE CELR LR
75 .

BHIC, REBECOMFAERERLENR LI X, B RFoTTEWE LIZFIEIC, D&V Eat
BLETS
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KR O

M EEAED

I RaRE R D3RFK &L L CTHV 7z Dulbecco’s modified Eagle medium-nutrient mixture F-12 (1:1)
(DMEM/F-12), penicillin-streptomycin, fungizone % U trypsin (1:250, powder) 1 Invitrogen #£X. 0, ¥
VIRIRIME (fetal bovine serum; FBS) 1X85—{b3 Y | Percoll i% GE ~VA T T3, A4 = Rt
LVEALIL

I L L T deoxyribonuclease I from bovine pancreas (DNase I), fluorescein isothiocyanate
(FITC)-labeled albumin (FITC-albumin) from bovine serum, FITC-insulin ﬁom bovine pancreas .
FITC-immunoglobulin G (FITC-IgG) from human serum. FITC-transferrin from bovine, FITC-dextran
(average molecular weight, 4 2T} 70 kDa). rhodamine B isothiocyanate-labeled dextran (RITC-dextran,
average molecular weight ~70 kDa), insulin from bovine pancreas, bovine serum albumin (BSA). calf thymus
DNA (Type L, fibrous). bafilomycin A; (BAF), phenylarsine oxide (PAO), indomethacin (IND). nystatin
(NYS). dynasore (SIGMA). bisbenzimide H 33258 fluorochrome trihydrochloride (Hoechst 33258). sodium
azide (NaNj). 2,4-dinitrophenol (DNP). chlorpromazine (CPZ) (F 4 54 5 % 7 Bh A1),
2-deoxy-D-glucose (2DOG) (BISALFHEA)., tylosin, methyl-B-cyclodextrin (MCD) (Fit gk T3
B &A1), Nucleic Acid purification kit (Mag Extractor-RNA), RT-PCR kit (Rever Tra Dash), SYBR® Green
Realtime PCR Master Mix. (BZ2555). recombinant Human Keratinocyte rowth Factor (KGF) (PEPROTECH)
2 LTe, EOMORIKITRIEREE AV,

[ fERERS - 45

Be#ERE L LT T AF » 7 81 35-mm culture dish, 35-mm glass bottom culture dish iZEHHF Db
D%, 12-well CelBIND® Surface plate X UX 6-well polycarbonate membrane Transwell®(X. Coming 0>
BOR A, EBRCHEA LR BEL LTAY FREUFAP— KA YL FFHT v I R
T-8 (KA LABORTECHNIK), 7’11 /5 L5 72w b u—/b A5 A :mode; PC701 PC707 (ASTEC),
BIFEE : AE-8300 27 1 R%U—150 (150 v/3.8) (ATTO), PKEWEE : AE-6100 7~— T Hn
—RAESRIKBIEEE (SHIMADZU), AR5 EEERT : UVI60A (SHIMADZU), SOE5rEeEEst -
F-3000 Fluorescence Spectrophotometer Axiovert 200M (Carl ZEISS), &RV —F—FfKEE : LSM 5
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Pascal (Carl ZEISS), BHEHUAIZESS : Millicell ERS testing device (Millipore) % V=,
[ < Mka brz I Bk o Bt L g

Fitifa b RIS D BB X,  Specific pathogen-free Sprague-Dawley £ » + ({KH: 120200 g) D
fixv. $§ﬁmﬂ%§@ﬁﬁ&%i:i D{To7z (Richardsb, 1987), 7 v bRy b2LE S —
Jv (30 mg/kg) DIERENIRSIZL Y mmw{ TFEHIRE D ~RY > (500 U/kg) 285 L1-, &F
ZEBRZATV, H==—L (od. 1.52 mm) 2KREXICEHEL. EHREIRR OCRFFIRE BT LT,
ZOBRELELY, 23GEHTES0 mLI Y P& AVYT0.15 M NaCliz X D Iidsse I8 25 £ T
B LTz, REXDOWIZMH L. w7 a7 7 —VrRETHDICREI I =2—1 X D015
M NaCl (10 mL) T6~TEIEEH L7z, 025% kU 7> & Solution B (133 mM NaCl, 5.2 mM KCl,
1.89 mM CaCl,, 1.29 mM MgSO,, 2.59 mM phosphate buffer, 10.3 mM HEPES buffer, 1 mg/mL glucose,
pH 7.4) TlEEHE L=k, BEMZ b 7L U8R TCRiTZ L, 37CD0.15 MNaCIF T2 /5 L7R
Do, REXH=a2—VITFEALZS0mLY Y DI b Y 7Y 38k E AR, %93.3 mLminD@#E T
30 T L, MY S0, [F. KEXRUSEZEY RE, A ETHOKGZRE
Lize #T AL 4 —L ECHiEIESHRUF 3 95— Cl2mm 25 ETI A Lz, FBS (SmL)
ZMZTHRY PV URIGEEEIESHE, 250 pg/mL DNase 1574 Solution A (SolutionB7>%CaCl & U
MgSO & FRFELIEKR) Mz TEH20 mLOMFEBRRER L Lo, HBoN-iESERE: 77 AT
v IBI=FT I 2 2ZB L. 3TCEIBH130 strokes/min T4 EIREB X 7z, ZOHK LT, BEK
F2ROYERT—EDIETAIB L, EHIZISORTISumT A a2y aDETAEL, MRS
BWEH=, ZOEREIRE. TERANCPercoCHLEDAELE DT -8 (RHLERRELER)
O LIZEE LTz, 7283, BHLERBOFEIT1.089 g/mL, AARIX5%FBS A 10xsolution A (1 mL), Percoll
(649 mL) RUFEE/K (251 mL) & L. [EHERBOEEIL1.040 gmL, #ARIZ5% FBSEA 10xsolution
A (1 mL), Percoll (2.72 mL). #&887k(6.23 mL) K Uphenol red (50 uL) & L7z, 7=, {EHEE Dphenol
red DEAIREEIL, 0.001% (W) ThHotz, EE LIZFARNKA4C, 250 gTU500H, RA >V u—%
—ICEYEL U, BREERRMEREROSFOIRMREEH T 5B EER L. 50 pg/mL
DNase I 18120 pg/mL tylosing 7 solution ATEM0 mLE72 DI ZIRRL 1=, 4°C. 200 g TSHRHED L,
15 57 Jla % 37°CD10%FBS, 100 IU/mL penicillin, 100 pg/mL streptomycin}z UN0.25 pg/mL fungizone
EHDMEM/F-12CREE L7z, 15D IEM RS 3930 X 10° cellshat TH Y, cell viabilitytd k U /3
YIN—GEIZ X V%L ETHD T L 2RERR LT, HIRIZICO, 1M ¥ 2X—F— 37C. 5%
CO,-95% air) T_EEEDOREHIZFAWTEEE L, Iz BEI T o7

-47 -



HERF L LT, SHIHD DRVMBA, 35-mm dish B UM 2-well plateDEET154X 10° cells/om? CHEHE
L2BHRIZ, 5BV MI22X10%ells/om’ CHERE L6 R RICHER LTz, E7z, SHMT 4 L& — L~ Dk
#i136-well Transwell®Z V>, cluster{iliZH5H#12.6 mL, wellffll (@47 cm’. FLER04 pm) ITHL,
albumin#iEEER TIL100 X 10* cellem’ DAIRIFEEIZ /25 & H121.5 mLOARARERZ N L THk
%68 BIZfERA L, insulindfit 3282 TiE88 X 10* cellem® THERERS B BITHAI Lz, ZRiski2 A AL
BergHix, EEESHIC10 ng/mLKGFZEM LI b D& AV,

vl =BG

1) Alkaline phosphatase &1

HEHE o 1A /o1, 1AK% 35-mm dish _kIZ 43X 10° cells/om® “THERE L 7ol % V>
Tz, HREHEHO I 5@k (4X10°8) 2@ 050 EEAEREL 0.9%NaCl 2 7-AHR, HD\
1 33E% 0.9%NaCl T 2 B L BNV A L—_R—Th & Boi-filaz, v RREDFHALP—T
RETFA X LTAIaY > 7% VT2, p-nitrophenyl phosphate (18 mM) %&¢r 50 mM glycine
buffer (pH9.2) 0.5 mL {2 FEEHIREAHRE VR — b EMZ. 377CT 15 H BV 30 oA o F=2~—F L
77,0.6 MNaOH 2.5 mL TR Z &1k &¥7-#.1,700 g T 10 s D08 L, _EIEOWIEE (410 nm)
FRE LIz, Fie, oo d R0 BEORIEIL Lowry HBIZ X ViTo72 (Lowry b, 1951),

2) RT-PCR &
i) RNA O#fiH

Nucleic Acid purification Kit : Mag-Extractor®>RNA-# i\, BRI EIC TR SNz7 2 ba—u
IZHRE, 4L Y total RNA L7z,

ii) RT-PCR

RT-PCR Kit : Rever TraDash™ % fiv, BEEHHAFICEER ENZT 0 k a—/UZfEV, RI-PCR %
1Tolr, WERERIGIE, 65°C 543 (RNA EktEEDE). 4°C 5 530k, VEREREHE (Rever Tra
Ace™) EMNZ., 42°C 304 (RRE). 99°C 54y (FEBOEEN), 4C 5 3%&{Tol, =IEL,
mRNA B3RO B ChHD Z L 2 HERT 578, FEEER O Y (2 DEPC LK ZMA 72, ¥
BRERISEFITORWT VB L ERERG 21T 72,

PCR [ Table 4 1R T RFIZTITo72, 1 9 A Z7/VEB OBEMDEEIZ, DNA &EEE (KOD
Dash®) #Mx7z (Fy FARF— ME)
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iily 7Ha—R5N 2%) 12k D EKKE) |

7 A e — R4 VAZ TBE buffer (89 mM Tris-borate, 2 mM EDTA) #/%, Z A 2ER L=, EXK
Bif%. buffer i< ethidium bromide % 0.1 pg/mL £ 723 & Tz, 40-50 HERE LT, FDH%, UV
T RANIF—F =2V THEIRS - DNA O REBZE LT,

Table 4. Primer sequences and PCR conditions for RT-PCR.

Gene Sequence

Denaturatiol Aneali Extension cyde
name (F:forward R: reverse) n g

F5- -
megaii 5-ACACCGCTTCTGCCGTCT -3 oC(imn) 68C(mn 72C@E0se) 39

R &-TCTGAGCACTCCCGAGGAAC -3’

- TH ATTT, TTC-3
cubilin F8-eoeTeceee ATCTCTTC3 94°C(1min) 69°C(1min) 72°C (30 sec) 35

R&-CGCCGTTTCTTACCTCCAA-3'

3) Real-time PCR ¥

RNA Ofilitt, WERERIRE RT-PCR HEORE &[RRI T o 72,

PCR [, SYBR Green® Realtime PCR Master Mix % V), Bkt FICER S =70 ha—
ZHE>TT o7z, PCR UG, ETEEME 95°C 1 /34T, £D#% 95C 57 @A) — 60C
58 (FIA~—DT ==Y ) - 72°C 15 % ((BERIE) %, 40 YA 7/ ToTz, BFINT
BiZHtd 57 T4 ~<—% Table 51773, PCREULDHE, BMRHERATEZITV . JFERRIEDHE
RENTHARNWZ L EREELTZ,
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Table 5. Primer sequences for real-time PCR.

Gene Accession Sequence P . on of Product size
amplified DNA
name number (F: fooward R: reverse) (bp) (bp)

F 5- AGCCCAGAACATCATCCCTG -3
GAPDH  NM_017008 676-856 181
R 5- CACCACCTTCTTGATGTCATC -3

F §- GCCATCGGTGCGCTAGAAGATGATCTT -3’
RTI40 uo7797 306-500 195
R 5- GTGATCGTGGTCGGAGGTTCCTGAGGT -3’

F 5- CCGCAGACACTTGGATTCAGT -3
IGFBP6 BC099742 458-519 62
R&-TTGCTCCGCCTCTGAAGAC -3 :

F 5- GATGGAATTGATAATGTGGACA -3
mdrfa AF257746 1997-2138 142
R &5- GTACGTCGTCATCCAGAGT -3’

F 5- CAGCATGTCTGGGGGTAAAT -3’
caveolin-1 246614 25-147 123
R&-TGCTTCTCATTCACCTCGTCT -3

F&- GCTGAGCGTTACACAGTACTI'CTAC -3
SPB BCO072466 723-796 74
R &-ACCAGGCCACAGACTAGCT -3

F 5- GGGTGTCCCCAAGTAATGGA -3
CINC-1 D11444 312-383 72
R 5- CAGAAGCCAGCGTTCACCA-3

4) ik DNA EOHIZE (Cesarone H, 1979)

35-mm dish bC2% 72136 A L7oHBIE %0.9%NaClC2EIEH: L, 3TCOEDTARH (137 mM
NaCl, 3 mM KCI, 8 mM Na,HPO;, 1.5 mM KH,PO,, 1.1 mM D-glucose, 0.613 mM EDTA, pH 7.4) Zl
ZENRY L—r3—ThHE BTz, 155 MBI R U HBHE % OBEMEK ORI %, iR,
1,000 g ClofhELDBEL 7=, 09%NaCl&ix, 2EREHTELIBET S Z Lick v EEL., ~
Vv b %1% SDS CIsfR UT-, 16fR UT-HBIaANE % 0.01% SDS & 725 X 9 1ZSSC (standard saline citrate)
buffer (154 mM NaCl, 15 mM Nay-citrate, pH 7.0) THEIRE, 21GT U I THE L 7=, Bisbenzimide H
33258 fluorochrome trihydrochloride (Hoechst 33258) in SSC buffer (0.8 pg/mL) 1 mLZ HHBRFAKR2 mLIZ
AL, ENPEETIONMA V¥ a~— 3 L=, DNALKES LizHoechst 33258 DL B2 30
SIYEREERHT T, BhERE (Excitation wavelength; Ex) 360 nm, R (Emission wavelength; Em)
450 nm, Band pass 10 nm CHIE L7z, 723, calfthymus DNAZARHEME & L TRV,
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5) FITC {Zsikik DA THEIT
i) BV AAEER
SZERIZIZLLT O phosphate-buffered saline (PBS) % iV iz,
PBS(-) (pH 7.4) : 137 mM NaCl, 3 mM KCl, 8 mM Na,HPO,, 1.5 mM KH,PO,
PBS(+) (pH 7.4) : PBS() with 0.1 mM CaCl,, 0.5 mM MgCl,
PBS(G) (pH 7.4) : PBS(-) with 0.1 mM CaCl,, 0.5 mM MgCl,, 5 mM D-Glucose
K" free PBS(+) (pH 7.4) : 137 mM NaCl, 8 mM Na,HPO,, 2 mM NaH,PO,, 0.1mM CaCl,, 0.5 mM MgCl,
K" free PBS(G) (pH 7.4) : K free PBS(+) with 5 mM D-glucose

35-mm dish F 721 12-well plate £ ThEE& U7-Hita % v iz, s &FRE Uiz iia% PBS(G)’G 21[d]
PF L, 37CEIT4COPBSG)TI0 BTV A ¥ a—Ta Lz, £D#%., PBS(G)ZERW
TEEFBERNL, —ERRA ¥ a~—t a2 Ui, BilRERRE LIRIZ, K& LTz PBSH)
T3 RS L7, #i5hE LT, insulin BR Y IAGDEREEKFFIEDORETIL. PBS(G)E7-iX PBS(HDH
PV IZK free PBS (G) E£721X K free PBS (+) ZHV V2, TDBE, A U Fa~— a VERIZIX, JE
7% insulin % 57¢¢ FITC insulin (20 pg/mL) % FV /=, 72235, Bt insulin IR OFREN X, FHZ3R insulin
% 0.IM HCI Cif#E#. K free PBS(G) buffer CFHIR L., KD pH % 0.IM NaOH T 74 |ZFREET 5
ZEizk0Tol, .

B V) 5ARFEEBRE ORIRLIZKA PBSHZMABIVR 7 L—r3—THERD, 4C, 9,838g T3 HfF
B EE%, PBSHEZHEMLS 5 —EREHECRELIMLTo, EEEZIRY RV,
0.1%TritonX-100 in PBS(-) CRREB LT, RNT w7 AENTRHMH 30 HFEKE L. 5,600 g, 3
SR LOBEERZITV, BEZEEDYEORERHT T, RhigiR (Excitation wavelength; Ex) 500 nm, &
St (Emission wavelength; Em) 520 nm, Band pass 10 nm THIE L7z, RERAKIIZE~DORE
ZBi< T2, 0.1%BSA & Tr 0.1%TritoX-100 in PBS() % VAR L 7=, 7285, HIBQRRERD S /%
7 B3I BSA ZEHEHHE L LTHY, Lowry IEICE W EE L Lowry b, 1951),

i) PERILE

FEEAIOFRLL LT, 10mM NaN;, 5 mM 2DOG, 1 mM DNP & PBS(HIZ. CPZ (28, 84 uM), IND
(100 pM), MCD (5 mM) X PBS(G)IZ¥f#E L7z, F7=. 100 nM BFA X 0.1% dimethyl sulfoxide (DMSO)
% &¢e PBS(G)IZ. NYS (32, 54 uM), PAO (3 uM) (X dynasore (30. 60 M) i 0.5% DMSO %S¢
PBS(G)IZYARR LTz, FKIRD pH X2 T 74 IZFRE LT, £MEFAIX 10 5BOS VA o Fa—T 3
VEEEDIRIL, ZORET LIFEIET, FStL LT, BAF, PAO T VA v Fa—a VB
DOBFIM LT, Eio, TvA v FaX—a VIIBAF DR 30 L LT,
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i) 77 A Y PEFEAE (Hansen 5, 1993)

FEBRIIILU ISR buffer 268 L7z,

HEPES buffer (pH 7.4) (311 mOsm) : 140 mM NaCl, 10 mM KCl, 20 mM HEPES, 1 mM CaCl,, 1 mM

MgCl,, and 1 mg/mL D-glucose

K" free buffer (pH 7.4) (296 mOsm) : HEPES buffer without 10 mM KCl

K" free hypotonic shock buffer (pH 7.4) (146 mOsm) : Mixture of K* free buffer : dH,0=1 : 1

Hypertonic buffer (pH 7.4) (920 mOsm) : HEPES buffer with 450 mM sucrose

EEEELENY, B A ERE LM%, HEPES buffer TS5 43, #iv >C Hypertonic buffer T 10
ST VA v F 22— 3 > Lz, Hypertonic buffer TFAHL L 7= EE KK A 37°CT 60 LA > %
ark—Ya R Lt viTolk,

J Y U WEEVBALENT, HE A R L 7oBia %  HEPES buffer—K free hypotonic shock buffer—K" free
buffer DIEIZ S BT DT VA U Fa—a L. EDH%K' free buffer THARL L 7= EWEIRIK % 37C
T60 DA v FaX—Ta T hlLizkiTorz,

6) LRV ——ERREEEIR

FZBRIZ1Z 35-mm glass bottom dish (Z 11 BRI E 86X 10 cells THEREL 2 AR5 L7- M2 A
7o, Bz BRE U7-Hila% PBS(G) T 2 Bk L., 37°CE£72iZ 4°CD PBS(G) T 10 3 VA v Fa
- R—=vavliz, 0%, PBS(G)ZER\ VT FITC-albumin (50 pg/mL) ZHMML., 60 A > F =2~
—a v Lz, WiREBRELRIZ, KG LI PBSH TS 4 o3 EgeE L., LESL—F—§A
WS THE L,

7 EEFER

6-well Transwell® - CHE U7l Z v iz,
i) FITC-albumin Jz U} RITC-dextran @ﬁ%ﬁféﬁ

Brih 2B U7-HIRR O apical {ll & U basal {8]% medium (FBS free) C 1 [E1¥Ei§+#% . medium (FBS frec)
WML 30 HET VA Fa—valic, £O%, medium ZFRT FITC-albumin BT
RITC-dextran % 317 X872 381K % apical /il (1.5 mL) {Z. medium % basal {il (2.6 mL) IZHMML 7=,
A vrFaX—varl, 2, 3, 4 KOS RREEIZ basal DY 7Y U T EATV, 7Y U TEE
Zik, o7V 7 LR L EIRD medium (FBS free) ZHM LT, 7228, 4 rFaX—Ta ik
CO, A ¥ Fa~—F— 3TC, 5% C0,-95% air) N TIT-7z,

Yo 7Y 7 UIEROENERIEX. FITC-albumin MBS, 0.1%BSA % &1Tr 0.1%TritoX-100 in
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PBS(-)&725 & 5 IceR 1 mLITHR Lictk, SOBIORBRHT TR TAEATRY & RIS CRl
7E L7z, RITC-dextran MFIEIL, FITC DHFRIEE DY 7V 750 uL i< pH 3.0 OEHRY/EERLT E
=9 AYAIR%E 250 uL BN L, HOESYENEERHT T, BhEHE (Excitation wavelength; Ex) 562 nm,
S5 (Emission wavelength; Em) 585 nm, Band pass 20 nm TIE L7z,

ii) FITC-insulin OO#ESEARHT

A& BrE U720 apical % U} basal fil% PBS(G)T 1 [EIgE4%. PBS(G)ZHINL 30 5/
VA U Fa—a v Ui, 0%, PBS(G)ZERY YT FITC-insulin % apical il (1.5mL) =, PBS(G)
% basal ] 2.6mL) IZHEMLTZ, A2 F 23— 3 60 2%IZ PBS(G)T 3 [EIgEHE L. PBS(G)IZE
BRIDIA v Fai—var i, 4 rFa—al 60 553%IT, basal ROV 7Y 7 E4T
o7z, FITC-insulin OEEHIEIL, FITC-albumin D5 & FERIZITo 72,

8) A %% k FITC-albumin (ORH
i) Pulse-chase fZ#HT

ISR % 54X 10° cells/om? CHERE L 2 B RS L7 AR 2 A\ Ve, H5H % 1k L 7= 4% PBS(G)
'é 2 [EIgE# L, 37CD PBS(G)’C“ 10 ST VA vFa—var iz, 0%, PBSG)ZERVT
FITC-albumin (50 pg/mL) ZFML 60 4o ¥ a~X—a v Lizt4, FITC-albumin Z& 20>
PBS(G)IZEBH L, & HITA U F a—a v &fTol, A ¥ a~—T a VERORIIZKE PBS(H)
EMRZENVAZ L—/3—ThERY, 4C, 9,838 g T3 HEbELOEEE., PBSHZHMLY 55—
RS CRELDEEZIT o7z, EIEZBY RV =1, bromophenol blue &7 loading buffer (2% SDS, 50
mM Tris-HC, 10% glycerol, 6% 2-mercaptoethanol) ZMM%., RNT v 7 A TREL 30 FREKE L7z,
ZD%, 5,600 g, 3 HEELIEERITV, EiEEZ—80CTRTE LTz, ERFHCITERRE 5 yH0E
BEAToT=, |

ii) SDS-PAGE (SDS R U 77 U VT I RNV ESIKEN) ,

EXIKENT SDS-PAGE IZ & V1T o7, WY T 7 YT I FOREZRNEE TId3.75%. DREET
1310%E LTHREL, FAa2E Lz, BBV INE2 20l 27754 Liztk, HRIZT—E
BILCTHKEI LTz, KBIE T, SV POE0E% FLA2000 (I THRE LTS,
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