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Abstract : Basement membrane beneath alveolar epithelial cells is an essential architecture for
expressing the function of alveolar epithelial cells in alveoli. The formation of the basement
membrane is achieved by cooperation between alveolar epithelial cells and pulmonary fibroblasts. To
investigate the mechanism of the basement membrane formation, we use alveolar tissue reconstruct
consist of type II alveolar epithelial cells and/or pulmonary fibroblasts. TGF-£1, which is a potent
fibrogenic cytokine, upregulated the synthesis of basement membrane constitutes as well as type I
collagen in type II alveolar epithelial cells. Alveolar epithelial cells succeeded to form a continuous

basement membrane at 1ng/ml of TGF-A1.

However, at 5ng/ml of TGF-81, excess production
of type 1 collagen obstruct the integration of basement membrane.

Various fibrogenic and

proinflammatory cytokines is possible to effect on the formation of basement membrane.
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HJEME (basement membrane, basal lamina) & L
FARE - NI - Rl OB T EHFET 5, %
FEEOMESN = bV v 7 ABEE USSR ORFR
Thob, EEEMBEEE, BEMICIE lamina lucida,
lamina densa, lamina fibroreticularis @ 3 &> & &EAK
&N 3V, Lamina densa i, B BHETHEMBETCET
BEEDORY, MERLIBERL L THRESNS,
HEEBROF MM~ NY v 7 AR5 TH S laminin,
entactin (nidogen), type IV collagen, heparan sul-
fate proteoglycan 23, R F5H 5% WidHFRITHA
KEELEEBEOR P FHREBE ZEEH L T lamina
densa K L TWwW3 EE 2 5 Tw 32, Lamina
lucida IXTMIlEEEH CE T 2 EFHREE DR VIS
T#» 5%, Lamina fibroreticularis {Z type I collagen,
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type III collagen, type V collagen, proteoglycans 7%
ELSEREINSE XY Y 2 ROEH T, HERKLESHE
BEE2BEATWLEY,

HSFUCTEREE LU T 5 A R o R E s B
& (tight junction, adherence junction) %K T %
i, AR>S ORYOBRAZRYT BH5HEME 22
iz, EREHEREAS apical, basal, lateral DM % F2AK
LTHiRE LDV 7Y —~DOBEBEE2{EL, EHEZYWE
RMEHRT 2D CEETHS, HEFERZZOL IR
FREMEOBMERBICERL T3, fiicBn»t, &
JEBII A A RHADIE T H % air-blood barrier ##K 3
% 1 BUffifE b R MR & M R 2 BT 5 3 2 HE—D
EEEMTH 5. EEBRIZFRTHMCE OHBIEN 5
ko T, FilebEMBEDOENE - HMbicgBe 52 Tw»
290 fififd FEHRICEEE SN TWIEEERTH S
2, IhE COWRBIEEBEEZHKT 29FEL
TOMEETIZ R, ZDIFEACHEES N BB
BAFERABIERETH o7, &5, HEBRDOFRE
IOV THWELHEHSATROLENS W, I, &
CENHERD 5 WILEEFRROBERZ T TIE, ke
H= by 7 AD & D REENE TER T 2 ER T B
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THIEZBRABDE I L, THETinvitro DHIIE
BETHERE2ER TE AP oI LIk 3D, 2D
BAZE in vivo DEMGHROMEETH % 05, Hiika_L 52 HH
oz REBE*FHOBRETT S, EbLDOTHEMHTD
%, HEEBEEORE L 7 ORI 2 #2729
W iE, Fo4 R tissue remodeling O BFE % FEM I BIE
L, EEB#EKDSTCZONE - SAEEREGIET 2
BEFORBELEGCTEYDOREC DV TORRERIC
BRI RK L BEREERTI2LENH S, 20O, M
fanBRE & MK OMEER 2 HIE T 5 2 L85 T,
BEERF 20 AL 2 £ WSAJEER in vitro DMFEREER
BERTH 2, Bz ZEEROREOHIEEE ORI
BT B0, in vitro CTHilaEEBRED I C
DVWTHET2ITo T &,

BRI ERMEECELTEEL TW S, HERE
RS T B BEEBRER S Fr SR E LT
HEEZHENTE, L Lo, MERMIEIEE
R 4 F 2 W s 5 2 &9, Hifgd Td entactin ®
laminin a4 chain 7% ¥ QOEEBRER S F 13 EICERIESF
MR LRI L Tun Z 910 0 5, il SRl
DRk A DO EEBE DO HICEES L T3 Z L 7R
Want, £IC, MEEEZEBL TMRES Iz

A

alveolar epithelial

tFibrobIast
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Fig.1. Culture diagrams of alveolar type II epithelial
cells and pulmonary fibroblasts.

Rat immortalized alveolar epithelial cells were seeded on
fibroblasts-embedded type I collagen gels formed on
porous membrane and cultured in DMEM with 196 FBS
and 0.2 mM ascorbic acid 2-phosphate for 10 days (A).
Alveolar epithelial cells were seeded on air-dried type I
collagen gels in the presence of exogenous basement
membrane constituents and/or cytokines (B).

AELEIBas -y vy b ITREREERE
BRAlRE ) 2B L CigE TS 2wk b (Fig. 1A),
FifeE b R A E Tl B L - BERE TP E €5
iz L (Fig.2)'?, REBEEHICLD, ZOREERK
® lamina densa {Z & laminin, entactin, type IV
collagen, heparan sulfate proteoglycan »%# it L TH
L TW3 Z ELBHE»D SN, MMiEFHEOEFEEIC X
D in vivo DEEBERHGERE & IZIZRAFOREERSHEES
NTWB I EMNRENT, DL &, fildLE#las &
bz, FhkRiESFRRT O B b BEBER D F OB
T ol o, [k Miassihie g &
EBHERSFErME T 2 ik D, EERER X {EE
LTwa el xns, EE, BEEBHEMEHYTD
% Matrigel % entactin & laminin-1 ZEhNIL TEEE S
% ¢ (Fig.1B), BEEFEEBRS T IEEBEEEEICH
HAFENT, ffd EfEsmTy 18 a5 —7 VR
FTEGELULEBEEERT 5. 2D & ST, HhERiE
R REBEEBR S TESWT 5228285 TC, MkE
LEMEOBERBEEEZHIEL TW5D0TH 5.

D FE S O & Fkk, ZEERESEDOEK
i, EEBEMESFOESRKY Y Tx <, matrix
metalloproteinases (MMPs) & & % 43 f# & tissue
inhibitor of metalloproteinases (TIMPs), plas-

minogen activator inhibitors (PAI), plasminogen

nA\

Fig.2. Transmission electron micrographs of the
extracellular matrix structure beneath alveolar epithe-
lial cells cultured with pulmonary fibroblasts.

A continuous lamina densa (big arrows) is observed
beneath alveolar epithelial cells in coculture of alveolar
epithelial cells (E) and fibroblasts (F) (A) but not ob-
served beneath alveolar epithelial cells cultured alone
(B). Bars, 2 ym.
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& LETF,

activators (PA) 7 i & 3 3 EGI16, 2FrDZERE,
4277 Vs EOMREEE S Fic X 5 EEMRE T~
@ anchoring ® LMD EHE - 71k - BEIZ EDHE
RURHE ST 5, T LD wiilagEeRCEEY
RIZTEERTFD 1 D089 A b AWA Y THB, Y1 b Ah
A4 ViZMfEEOEREEZE S (a3 7 B OEFR
T, HRELBEELREE ROV A v A viE, FOZE
BOEIZ LD WL DPDT7 7 3 ) — XA EEINEY,
Interferon (IFN) % Interleukin-6 (IL-6) % ¥ i3,
class | * I BB ELHEET 2. V1 b AL UBEELK
REEE, FEDHLZVREATOUDZEEF RS ERKIK
HEL, ZERIHEESLTWA JAKBFoy v F 4 —
Yo3iEMEIb &, STAT » % ik Ras-MAPK R D&
Brza L CEEFRESFE NS, IL1 ORERET
» 3 IL-1R/TLR (toll like receptor) %, 7% 7% —
43F Myd 88 %41 L THEHF NF-»B 7 & Ufic JNK/
p3B T NEEREWEMILT 5. Tumor necrosis
factor (TNF) O%AE&IX, =& bah TEHXLEL,
NF-xB O &ML Z i L THIRESERL g M c B S5 3
%, @Ol ECEREFER 2R O 7 L4 Y OZEE
BTEEEBERF XA V2B BEGI N7 HICHET
%19, Fibroblast growth factor (FGF) 7 ¥ OFEA
FiX, FuyrryFF—YYRHZEKCHES L, Ras
MAPK R 2EMIL T2 L&D T I NVEET 5.
Transforming growth factor-g8 (TGF-8) ® BMP @
2254413 serine/threonine kinase i&M %2 £ %, LEH
F SMAD 2#EMILT 2 2 L CEREFRATG 21T, g0
¥ETE - b - MRESE - EEEPHEEESIEIZ Eh Tho Y
A NHAVBBENPSDY TSI NMEEEN LIGEBEFH
WHIBIOBERTH B, 512, DBV A bHA B
paracrine ¥ 7213 autocrine iIZBDV A b H 4 U RZE
BOREBEFHETDHEND, Y A2 NT—7
DY A v A4 OERORETHS. £/, F—
OB EB DY A N A4 VHMERT 3 LIEENERTF
RIOMEERICE D Y 7PN e85 - 3HET S
FINIORXN—TDBEETZRES, YA hHA B
HEDERZHL LI T EDIIXES Tidixw,

P4 M hA VIIRE - HBEE L ZOBEORERMEIC
BOLTERALTWB®, B8V Ty, MEBIZHEVLS
WENBZY A v AL IS —47 > MMPs D4
B LI RIZTHEI DLW TIIFESEATHS, L
HLENS, EEBEBRISFOESHK 2 PEEKD
ERCBETAIMEBERIZTEAEEREEINT WY, &
52, ZNETFGF-1 (acidic FGF), FGF-2 (basic
FGF), FGF-7 (KGF)?», macrophage inflammatory
cytokine-2 (MIP-2)2® %3 I BIffifig L Z M8 D DNA &
REREST B L, TNF-a DSt b fiflE kR
A 549 cell ® MMP-9 #5338 ¥ 529 Z &2 E D

SRV = g

E03% 53, Pl LR OEELBENC DWW T OHE
b, SUE E RS REMMEOEE 2 RET 5
YA PAAVEDWMT B EDBESHIZRD, £ I
RURHRE bR HIEE® AS549 cell TH T EHA V) £/ F —
CXCR4DHEBELTWB I Emn50, [FLWYA ML
VEDWTOREIBLETHELEIONS,
HEBREROMIE LTI ETCRAIRTH 50D, HE
BELEERTHLLVLIBRTH S, Y14 AL D
WTH, SN~ MY v 7 ADEFER « SRR LR
MRS & BHESF R OBEE~NORETICE % 5 7, #EED
BELPERENCRE T EBNEETHSE, ThrER
G LIz ODHHR O E R ER TH S LF X,
HEEBERADOYA b4 v ORELRS LT, RERE
EREMfETIVEI S —4% > DO mRNA »FBETHET 3
IL-627, {GHEFMETCIVRID S —% > D mRNA 2%
FHTCHE LY g _E R IR 0 E 2 €T % EGF?, fifi
fa b BRI O£ #HET % IFN-y2 I EERFK I
BE R RIZE £H o7 (unpublished data). —7F, fli
BEE>RETIEEREFE 2 5T % TGF-81
e, HREEErZUMREFMRCMia~ 7 o
77 =IO UWBLETIRRNY A VAL TH
D, MELEEHEBADEE DT HROTFTELEAT
V539 TGF-g1 385# % TOMifE a0 EE B
B BEKREAICEE (Ing/ml) % 723E%E (5ng/

H I 27T

PR
&

Fig.3. Horizontal distribution of laminin-1 beneath
alveolar epithelial cells cultured with TGF-21 examined
with confocal laser scanning microscope.

Alveolar epithelial tissues cultured with 0 (A), 1 (B) or
5ng/ml (C) of TGF-B81 were stained with antibody to
laminin-1, and then examined with a confocal microscope
that focused beneath alveolar epithelial cells. Bars, 10
pm.
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Fig.4. Transmission electron micrographs of the
extracellular matrix structure beneath alveolar epithe-
lial cells cultured with TGF-81.

Alveolar epithelial cells were cultured with 0 (A), 1 (B)
or 5ng/ml (C) of TGF-£1, and 100 ng/ml of TIMP-1 in
the presence of 5ng/ml of TGF-81 (D). A continuous
lamina densa (big arrows) is observed only beneath the
cells in the presence of 1 ng/ml of TGF-g1. TIMP-1 could
not attenuated the inhibition on the basement membrane
formation by 5 ng/ml of TGF-g1. Bars, 200 nm.

ml) L7 (Fig.3)3, TGF-81 OB IKEL T, ff
e b B MpE D F B EERAER S T OESHR B ITTEL 2 2
£53, 1ng/ml TGF-B1 2 B> TEEl: U7z BERE 2
b DEFEZzZONSE, L L%AEWS, 5ng/ml
TGF-B1 HEBRMEK S TFOEESKITTELRD S izD
Wb b s FREREERSHEEE N, COEREL
TEEBRREK S F O ERDOITUED ATHEM 2 /RET L 72
235, MMP-2, TIMP-1, PAL-1 E4~DEEIZIT L A
Enl, REBENLER & L% v5ng/ml TGF-£1 12
100 ng/ml @ TIMP-1 2% L THEL TH, HERK
R EIE Loz (Fig.4). Z® 5ng/ml TGF-81
& B BEBEEREE CH Y, 1827 —7 > Lffifat
7470 FrDEGHEOTUE L HAE T NDEE &
WEEMBED &z (Fig.5). &K lamina fibro-
reticularis M T R E{HEME 2 7 — 7 Y OMBBET
TOEMBEEBHRS> TFOEERER-E2HT TS Z

Fig.5. Distribution of cellular fibronectin and type I
collagen beneath alveolar epithelial cells cultured with
TGF-B1.

Cryostat sections from alveolar epithelial cells cultured
with 0 (A, D), 1 (B, E) or 5ng/ml (C, F) of TGF-81 were
stained with cellular fibronectin (A, B, C) or type I colla-
gen (D, E, F). Deposits of cellular fibronectin or type I
collagen (arrow heads) were augmented beneath alveolar
epithelial cells cultured with 5 ng/ml of TGF-g1. Bars, 50
pum.

EDHERI S iz, BRSO FOERED, ZofthoM
A<= r Vv 7 AR X o TTFBEINTHE I Ens,
JERERER S F & 2 OfhDMifast < bV v 7 ADTE DN
T UAR LD EEROERSEEEZT 5 Z ENHS M
Wizofz, TDXSZ, WEhkE L TOEERDOIANT
IR BB F R e EEREAVLTIZI U TH
SHRIZBERABBZVWEFZSND, £z, 5ng/ml
TGF-81 i & 32 HERFKHEE & Y — 4 R
EEOWE L, MEE L THEI N 2 B R KR & 4
W BEIABHBI LS, O LML ER
T in vivo DIRETHBETE 20 M2 TREBL TWwa,

5 A

Fifihe b BEAHRE & B MESEIE & DBAGR X — 77 8970 BEfR
Tk, EEBOER LK & EEHEBROREEIIIRIE
FHEOEE E2HIHT 32 £ 2 5N B, D RIERFO
P 2 e oD 5| Bt S0 8 5 & R Bl fe NI iR B A~ D 57
A — kiR O TR b U €, B L % 72
BIGHIREE OBEHEIT T 2 2 L E ORICEENH 2
L, BEEANCIE»E D DET» SHE S Twv 339,
%7z, kG b BB I AR ST O ETE & 5 5 &
EDWREINT VB I LN, YA A > DIERE
T BRI ERAE 12 D V> Td B B - R ZE R B RS AR B 1
AxEDTHERTILENH D, & 512, HIATHERERHT
fast= b Y v 7 ARWEOHIEI X, Y1 M AA LSO
RNVEVR, ATFT4T—F—bBE5LTWVWEILIRED
FTHLW®, F/, endostatin R EDFIH B & D
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HILET, FXws

st~ b Yy 7 2303 L HEEE L TOBEREE

THEHLDTERWLY, FGF D & 5 k~) VA%
DY A b I A4 VREBEBECHESL TERT %%, ERME
TRGNR Y 7PV R BT 2MBCOABREL TIEX 5
Mgs < vV v 7 R, —@MYTRRL 2RIEC L TE
PPLAEFIC Y SNV EEBZ B TA M AA v EHREL
KIGCTERA L THIlE2BORELXE 2 5 2 & T, Mfifa
LR & 2 BB D & o I8 L Edn O REE
BEDOR MR Z L TWE D LEBbh b, HEHEESR
B 5 EEME-ERMREE R & EEREE
ORETIZ, BUMEBOBEMELHOLIIL, £DHE
FHOUREMLEBEL O HFERATH I EHFEZOGND, ¥
4 bAA kB ERMRE-REEERREEE AR &
fast< bV v 7 AREGEIEIOEI BT 205 HET T
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