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Abstract

To examine the influences of abnormal collagen production on early feather development, we
utilized reconstituted gel skins using type I collagen in the dermal layer. When L-ascorbic acid 2-o-
phosphate (Asc2-P) , a stimulator of collagen production, were added to the medium, some regions
of the reconstituted gel skins did not show the formation of feather buds, and some feather buds had
thickly developed bases. In the pterylae where feather buds were formed, a very dense collagen
fibrillar network, a dense distribution of mesenchymal cells and excess deposition of type I collagen
were observed at the bases of the buds, whereas in other pterylae where feather development was
inhibited, distribution patterns of mesenchymal cells and type I collagen were similar to those of
apteria. On the other hand, when ethyl-3, 4-dihydroxybenzoate (EDHB) , an inhibitor of collagen
i)roduction, was added to the medium of reconstituted gel skins at a low concentration, feather bud
elongation was suppressed, loose collagen fibrils organized a dome-like structure, and the density of
mesenchymal cells decreased in pterylae. When EDHB was added to the medium of reconstituted gel
skins at a high concentration, the density of mesenchymal cells became uniform throughout the
dermal layer, and the collagen fibrillar structure disappeared in pterylae. Furthermore, a high
concentration of type I collagen in the reconstituted gel skins arrested feather bud elongation. These
results suggested that regulated collagen production and degradation in spatial- and temporal-specific
manners are required for early feather development and that abnormal collagen production inhibits
normal feather development and morphogenesis.
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FUPIEORERTEEDT T 3— RERITIHED,
T a—-RFAINOEEMBOBEECXZ a7 >
t—a CRAKE, MEIIPEREEBRT 5.
FIBFEEIIFREOETICE S THREL TRZFITRD
PIEFIRBICBMARANBEL, RERITPR, /NP
B a2/ T 20AEPNCHET S (FHS 1999; Yuer
al. 2004). F/z, PEORETIERWREREEERD
HEERICE > TH#TL (uNceral 1999), HE/E
RAOERROBERE L TEESRAMEA<T M) vy
A (ECM) M5 L TW3 (MAUGER ef al. 1982; mif
5 1999). —7F, REMIZEMTH 235 —4 > DR
REEI I DOECMAR /O & DAREAER, YIEMH 5
WIRAERRBEIC X > TERICET B &8T5
NTHBL k5 20000, EBE, PEREGHOELKD
T— %, MBI 2RI B R BT RETRRE
BEEHBEL TWD UMMES 2005). ZOPEOHEE
IZHEDS O 5 —5 2 OMARREREOZIZIE, O
5= L DRFNREREMMNERICESLTNS
EEZLN, PNEEFAUKENERETHZEOHE
Tid, FRERIRY, ZERMICHEE NS -7 > REo
HEENERH SN TS (YaMamoTo and YAMAUCHI
1999). LU, PEREROI S5 CEAIZER
U7k ZdmE ShTnin,
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Asc2-P$ K U'EDHBD FH

Asc2-P (Wako Pure Chemical, Osaka, Japan) I,
Dulbecco's modified Eagle's medium (DMEM; Sigma
Chemical, St. Louis, MO, USA) IZV&f##, 4 'C TREL
7z. EDHB (Tokyo Kasei Kogyo, Tokyo, Japan) I, L.
& ) —)VICHERE, 4°C TREFELU. BRL i
W, EAERNCEARNL, BHCX 2 mHEOR
TREIZAsc2-PT100£5, EDHBTIZ400f5LA L TH o 7.

AS =TV BROFR
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YANG et al. (1979) DFHHEITHRE S THER L. NAKAMURA
etal. (2000) OFEICE> THHELEZS Y bEREEE
DRT L RS T BT —5 2 2500 1 % Bk s
K, STEBHEDMEM &0. 23 N jRER/KZR T b 1) W A, 25 mM
HEPES (Nacalai Tesque, Kyoto, Japan), 0. 15 N 7KEE{t
F U LEZGOEBREEREZ KRG LIRS, T8
2 DEETREL, BkaS5—4 2 EEN0.9 ng/ nl
~L2mng/ nlTHHIMEIS—4 D BEIKEREL /2.
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Ry T+ 2T #FTN, RT VA XHM0pm DEIVA KL —
J— (Becton Dickinson, Franklin Lakes, NJ, USA) #i&
U R 257, MFafRE R 2 1000 pmT 5 4
0%, HEE U THESNZ1L 5 X 108E DB & il
EZHREOS S IS0 LT L TRIE L, Bk
2 AIVF ¥ —A P —b (Becton Dickinson) 117
BEWEH XY >4 — (7.0 mm in internal diameter;
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Asahi Glass, Tokyo, Japan) WIZi# L T37°C T1. 5k
A >FaR—FLTJE.

T TRICHBEL 2 RE %2 DR 20 O % FHHER
FIVEEE & U T (KoBAYASHI ef al. 2005), FEERIHIT
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K mELk.

AT RFIUY-IFT Y (HE) BLUREEHEXTRE
3

BRUTTHREL ZHEBRY IV KE EPBS T
#%, OCTa > )N > B (Tissue-Tec; SAKURA, Tokyo,
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PFZ10% KL< ) > CEE L 2%, HERAZTD
—7%, 18a5—4 229 S5imiE (LB-1196; LSL,
Tokyo, Japan) 2% —FifkE L, FITCIEF#L 2% A
EICKOEHIEL (hAS 1999), SYEEEmeE (BH2-
RFL-T2; OLYMPUS, Tokyo, Japan) N THIZ, k¥ L /.
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n Tz (Fig. 1A). EDHB#30u MEBTMEMTHEL
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INTWED, HELLPFIEEZ SN T (Fig. 1B), 50
«M EDHBEE R O EETIRIE & A EPBEENER
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Fig. 1 Effects of decreased or increased collagen
production on feather development in
cultured reconstituted gel skins.
Phase-contrast micrographs show reconstituted
gel skins cultured in a control medium (A)
and in a medium containing 30 £ M (B), 50 1t
M EDHB (C) or 200 £ M Asc2-P (D) for 5
days. Scale bars: 200 ¢t m.
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EDHB %50 u M& £ 5 CTHEHE U 72 B g O B B IR O
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Fig.2 Effects of decreased or increased collagen
production on mesenchymal cells and type I
collagen in cultured reconstituted gel skins.
Sagittal sections of the reconstituted gel
skins cultured in a control medium (A, F)
and in a medium containing 30 4 M (B, G),
50 #M EDHB (C, H) or 200 £ M Asc2-P (D,
E, 1, J) for 5 days were stained with HE (A-
E) or anti-type I collagen antiserum (F-J).
Scale bars: 50 £ m.

BERYINVEEILE IS -9 VD IFEE
BT CREL BB IVEEEY )V ) LE
LBl dss L, a2 ho—)VOBEERT IV EE
TRRENZBZHEO T~ O REES, %
MoOOMEEREE=2LTBD (Fig. 3A), FIEFOHEZM
5 EERIC N D THEFT BT -5 UiiElc k> T
RSN TW= (Fig. 3B). EDHB%30u MBUEHT
B U =BRSSOV EE T, PIEREOREICE—LA
B BRI R WO 5 — 5 I K 2 WK EE R
BmEmahi=h (Fig. 3C), AT —7 VRHEICKEDE
mtElEEE b iia o /- (Fig. 3D). EDHB%ES0 LM%
PEEHTEEE LB IVEE T, EReAROO
54 URRHEON A IE ST E T, PR TIIHEEL
T/ (Fig. 3E). Asc2-PFE{E FTHi#E L= FHRY
JVE & DI DO E S Nz BB ORELEFH O
EEIRE D BEATEYD (Fig. 3F,GQ), 27 —7 »#
HeDIZTZE U TREBICIT D Bl o I RS BRI 1
7= (Fig. 3H). Asc2-PETE T TR ENITIZF T,
05 —4 UMD R D & FeimERic o TEFT LT
WA, 2> ho—)L &L THEITEEDS
Foy hT—2RTHo%= (Fig. 31, D).

BEQRKLS | BAS—4F UV PRFICRITTHE
[R5 —4 2 EEE0. 95 mg/mlic U=BE#RT IV
EBTIE, 2> bho—)b Fig 1A; 0. 9 mg/ml) & DFH
WWEWIBEEI N RMh>720% (Fig 4A), BENLO
mg/ml 12725 &, PFEOEIEIRF K 72> T
(Fig. 4B). 3 5—% VEENL | mgml OBRERS IV
RETIE, —EROPRBOPZEHENHESIN (Fig.
40), L.2mgmlilizs &, BRIV EEEEKTHEH
DRENHEEIN TN (Fig. 4D).
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Fig.3 Effects of decreased or increased collagen production on collagen fibrillar structure in cultured

reconstituted gel skins.

SEM views show collagen fibrillar structure of reconstituted gel skins cultured in a control medium (A, B)
and in a medium containing 30 £ M (C, D), 50 #M EDHB (E) or 200 1 M Asc2-P (F-J) for 5 days. Arrows
in E and F show pterylae where feather development was inhibited. Scale bars: 100 £ m for A, C, E, F, G,

I;41mfor B, D, H, J.
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Fig.4 Effects of collagen concentration on feather
development in cultured reconstituted gel skins.
Phase-contrast micrographs show reconstituted
gel skins using 0.95 mg/ml (A), 1.0 mg/ml (B),

1.1 mg/ml (C) or 1.2 mg/ml (D) of type I
collagen gels after 5 days of culture. Type I
collagen in gels at concentrations higher than
1.0 mg/ml prevented feather development in a
dose-dependent manner. Scale bars: 200 &£ m.

& 2

Z7 NURRIZBIT 2 PIBERERRICEL, PR
TRIMaAS—FUNER EBICEZ<EFREL. 57—
RIS G AR L TB O (RS 1999; /i
5 2005), BT IR OS5 2RO
BEEBH TSI ENHEINTNS (STuarT and
Moscona 1967). —75, PEBETIIHEHIT—F 2%
SRTBI MYy 2AAIOTOT7—E (MMP) %
AYF o= a VEBCERNCEEALTED
(DUONG and Erickson 2004), EEIZ I8 -5 >
BOE T &5 -7 VRO ARG DEENED 5
L (BB 1999; ANERBS 2005), a2 T —a
OEEMEIENEENSBELIZDDTHD I EMN
WEINTNWD (Jiang et al. 1999). ThHD T &,
PEEEOID T E—a CEROBRICE, &PE
BTIIEEMBAOREE LTS5 RO IAHE
ERUBETH DA, PR TIIIAEEDBE D NE
THHILEERLTWS, AFFIIBNT, SBE
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BEMBEOBELFERbED O NN T2D
%, EDHBIC X 25 —% > OEARRIR, HEMi
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25— U EADRER, PNBEEOEKRIHEHES
NFESO IS5 —F > OREE T —T VHRH#ED
VAAMESEDEEODLDEEYNL Tl &R b5,

[#a5—7 2 OEABE#RE, K025 —5
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ELZEZEALN, IO ERHREOIS T
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7=,

U R OTEZEHEREICBNTIE, EMARICEST
92057 RO EEENRL ITEBEIN (U
5 2005), EEHHRIFIZE D EEA S i ENB
19 % (Soro-Suazo et al. 2004). —EHENCETT
%057 R ETE M OIS B & (2T
52 EMB (DICKINSON ef al. 1994), PIZFEMEBRREIC
BT, BERMAIEEHRBANCH?2 > TETT 23
T UMD AEE R RIGE L TBEIT S EEX
HND. EFir, EERICBWTIRIS -7 5L
O > T 7V RN LTIMOS—r o EEE
U, B89 55 (CaRVER e al. 1995), Z OHIfEBEND
[BIOS—7 2 7 NVORENSTELHRITHETE
5B AT HHEEIND (PeRUMPANANI and BYRNE
1999). ZFFFFEITHWT, {KIEE TEDHBZRNL 725
&, MIBaS5—5 2 ORBERAHKBICEBT S HEERER
BETL, BREINEPNFOEEBERE IS
UM R—LARICH<SHENTWRED, 35— >
BT —EOETHERRD NN E. Thbb,
EDHBIZ & % a5 —7% > OEAMGIL, BEEHMREOE
BEUTRERI ST VO AEEZ RS
T, PEFEOMEFHEELZEEZSNS. Asc2PEER
MUZRETIE, PEFEOEMSEREICHEEL, EEM
fOBEELE I IS -7 OREMLEHEELLEBIZ
EWITBER D S0 UREDRNZ Ry NT—2
NEEINZ. Asc2-PICE 55— 2 OEABE
3, 3T RO EEE LB BICREEIT
L THilaEaHEL-EEX 50, DI Ld&EE
EOaAS—7 L ERAWEZEBRT IVEEDRERNSD
FEINE.

AWEICBITZ 25— ELRRET HAsc2-P&
1§ HEDHBZ Wz BRI RN 5, PRI
PP FEMEEEZGOPROMMRAIE, KHE, 22H
BICEEENEZaS—T OEELE ETBBLETDH
Vn, AS—YCOEARED, EERTIEORESE
BEREEET D ZENRINE. £, 57T
3, ERREIRY, ZERIECERBNABEEEEL, TR
FeAE TS MR B 2 AT 5 RT & U THEERNICHE
BLTWAEZEZL5NS.
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