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The Relation Between the Type of Cell and the Collagen Gel
Contraction in a Model System of Vitreous Contraction
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Abstract

The vitreous body contracts under certain pathological conditions and some cells infiltrating into
the vitreous are considered to cause the contraction. In order to investigate the relationship between
the type of cells and vitreous contraction, we cultured cells embedded in an artificial collagen gel
which was a substitute for vitreous collagen. Three types of epithelial cells (lens epithelium, retinal
pigment epithelium, and ecapillary endothelium) and three types of blood cells (erythrocytes,
Ilymphocytes, and macrophages) were used in this study. The cells were suspended in collagen solution
and cultured after gelation of the collagen solution. The change of the gel volume was measured at
2—3 days intervals for 2—3 weeks and the morphological changes of the cells in the collagen gel were
observed by a phase contrast microscopy during the culture period. All epithelial cells caused contrac-
tion of the collagen gels and the increase of the cells was obviously related to the reduction of the gel
volume. However, the blood cells did not reduce the volume of the gels even when the number of the
cells increased. In addition, it was suggested morphologically that the elongation of the epithelial cells
cultured in collagen gel played an important role in the contraction of the collagen gel. (Acta Soc
Ophthalmol Jpn 92 : 2053—2062, 1988)

Key words : Vitreous body, Cell culture in collagen gel, Gel contraction, Epithelial cells, Blood cells

AIRIFERE © 359 FRRMEARS —2 PEERAFERBEREREE P EH

(MEFN634E 7 H15A A, MEFI634E 9 H10H a8

Reprint requests to: Shigekuni Okisaka, M.D. Dept. of Ophthalmol., National Defense Medical College
3-2 Namiki, Tokorozawa-shi 359, Japan

(Received July 15, 1988 and accepted in revised form September 10, 1988)



142—(2054)

1 #% B

HETA PR T AR 45 X 05 [P N 2 oo [ R o
—2k LT, fFEPiciifas@ A LRI L TR
BfrRoT o EnBFbhs, 4B8ETIC, 2Thb
HFA T oo EEHofFHObIcfTohiz, in
vivo TOEFAERED S, Thb0H IZRRICE
o fEERL S 272 b, WHHERCmE-eHlas A
Ltk BAOEYEHFNICHNZ D TH-
o089, LasL Z o Fkicik, BERRoTHYBEEC
EfewvC b, RESO B OMaoB S R HEk T
Xl b, —ooRiconwTRBNCEET S Z &
NHEHETHAZ LIREDREND -1,

VTEE, invitro C, MlELZ T4 LT, H5VIEWET
fEEEBLCHEL, MloMECHThoEEEL
HRARLEEARE SR, Zhuc B A H
WeBE, T EERoM L MaE R L EED
FHER > T\ 5 25, T THRMIC@A L LR
i L CHIBERMBEEEL & - T, $h, 25 —
vy w T R A R LI E b RIS,
Mgy A bl EEHER & 58, YARIcERE
B LR LRERMRRC s Z oG S h T
B

by, MFEkofRbic27—rvrLreBHT
b EEMRRGR CEBE T b0 L REL, W
I Y A< B fodig, =5 — 7 v P rRiilakssg
R L RRE T, ZOFRBRL, THE—rr
ThrWTFHoRIE, H—ATzs-rv7y1H
T BRIBEEL, YLrolfhEr#A~sb0T
BB, TOFHEYAVCTEEROMEE LR
BEEL, YA E AN EEOBGE Y
HlLioT#ET S,

I KBk

1. #Af8 & 23R

KenfE EEMARE, BEREhiy SRRE D KEE
RGH L, KéhfE bR A Kb b & & L s b
LHHIL,0.2% =2 5 — ¥ 7 — € C37TCCl0oM4LE L
7o, MEM— 8 %4 pEMmiE (FBS) TH#E L, 1
FE2MRELD 4 RE oML ERICH -, WEEASE
BB, v o RBREERE0.2% =25 - —HT
3TCT 1~ 2 RFRALEE L, BB X h/c#ifla® DMEM
—20%FBS chi® L, 3f{HoMiaxH 7, B
FH M, dEIBEE L D EEL, DMEM—10%

HIR&EE 92% 12%

FBS THREMCIEE Lz 0 H 7212,

D vaFRid e PO~ VIR L D e b Y vt
HREESEEY (BAMGPIRT) 2 THBEL 7,
HMERE e P REMBRD S DEH R, bt
BE#Ax M\, MEM—8%FBS TH#Li, =7 =
Tr =R, = URICTFAS Y a - LA R
L, 4 BBClEEESC L DB b hicflas HbRE®
MABFECZL V=7 — R SBLED, <20
77 —oOMEE, 357y ARTFEARETBBL
Eehots, =z e 7r—oF, FIREEXA
MEM— 8 %FBS Ti# L7,

2. AS—4 A LRNEEE

25— 4 VERR FHEYSFrHBler<r Yy
27 A type [I—A® Bmg/ml) AW, 25 -¥vE
105 E MEM(IREEKE S b U v ARIEM) © 20
mM HEPES—0.08N NaOH : ®3#E#=8 : 1 : 1 :
WTAHBEFLCbDx, =25 — ¥ VREBRE L1,
35mm DEEFEMIZ0.7Tml ® = 7 — ¥ VRS BRI 2
ralbXREERBE LK, 27— ¥ RSB ICH
BB L cbolml 2HEELMBEREL L, 2612
ml ORI 2 THERE Lo, KIEE Mgt A ©
BERIOECEBEESTHORE S fobicuvic, B
Wit BERHEENS A b, HKIMEKT5 X108
~5X10% U voSERTS5 X102~ 5 X104, T oflo##
B, 5 X10°~ 5 X10°¢C, —H T oMREBEEXE 2 T
gL, —ooMEEcd LT 2ionkEEy
fTote, FBFIC, MlEzinz ov-xBoREI b ik
RS, EEEE L 7o, ESERI37C, 5 %CO,TiTL, fird
EEME THROMELBE L=, HERIRER]
HE&ZHUEE2 ~3 T L icacial, 2~ 385
AT L7,

3. FILOEROEE

EEMGRICAEENCER (W 2HE LA, B
Beho s L DMLEET B & 0 A Th O SE BT T
LEBEROGEE T3, R1om, B#EEn B
HoEBRrmRcgEREIC W IHEROLE
(do) ZBITE Ltk BERLZETHRE, HlLi2mlo
HEwEAing, HENOKER, Tibbi#EN
N, BRECERY S HELLOXRELL, OB
FLA M AcEEROERE (W), BREE (W,) X
h, ¥AOEE (W) % (1) AL bhRd,

Weor=Win— W — W, (1)
W A OB BT O L E & AP oRED EEY
HELWERETDE, YAOEE (Vi) & (2)KXT



BEF63F12A 106

WD eFARE LT 5 — ¥ v HfilaEE - ERi

143--(2055)

ﬂﬂﬂﬁ e ©° o » V]I

|

Bl M, AL MAeEE, MBEL S0, BREORIEL, B
HR, HERRCCHR. BEEPICS AT S LEREO b OB L
Eh, WBEEROERI/MINT S, BEROLEYIE L BERRY S TR, C:
L CEREE—ERTOMATERLZAES S, & A OIUFER T EO BEH

p LMl ORKM LI e b o,

Fdohs, (LKL, Yrdoas—yvoERLEM
FoBEREIEEST )

Ven=Wgn/dy

=(Win—Wan—Wa)/d, €29

MR ORI - SAaEE ORI E AL h 2>
WTHADEEOTY (Vy) kb, Toxx (3)
RELDRDY AL ONFEERE L L, FERRICEL,

4V 40 =V guiwionio = Vanicern €3)
4, BEMROBTIAMBIC L 2RE
BEMR= 7 -yl LSRN 2 %
ME—ALTATFEe P (0.1M #EREEEE pH 7.4) 1T

TERT2HHEBERE LA, £0% 1 %luBgl+ = v
AR THETEL, =4 7 — A RFITHAKZFT, Poly/
Bed 8121 L ek, @EUHFHE, v v 8T
“EREYEL, HATEFEEE THEL -,

I # X

1. #ILFEREZEL

&+ oMl MilRBEXEL T2 -y v AT
BEREL, YA OEBEE L BRFICIIELL, B
T|OICE, Kibde B MilaTs X104kl EC, M
REBENE D2 Ty A+ OILHEER KX L,

Lens Epithelial Cells

057

contraction volume (ml)
o
Y]
o

}—-:6

./

.__.___-

10 15 days

X2 mmﬁtﬁﬁmwy»ouﬁﬁﬁ.%Emgtowﬂmﬁu—of5xmﬂ
—aA— 5 X103, —a— 5X104, —O0— 5X105



144—(2056)

5 X 10418, 5 X 10340, BEEk bR~y v
DIFEEREL ML (K2),

s bR, SETfc, fkBEEs
BLWEEFALRINEL, FhUERS Lo AE
F LA bRt (K3),

EHMEA MR T, 5 X102, 5 X 1030 ffamEE
THAFIEEAEREL s o725, 5 X104, 5 X10°
TERMBREEO BN AR L Y IFE LA (K4).

ARt 92% 12%

Lo 3o R KRR TR, ¥ o lUEORE R,
Hurcfifso e ECi#moBiEtict b, b0z
B bR, CThofg b ilREE S VIR E,
FrofEEREIKEL RAEHALED bR, T,
FADMIHET B icoh T e AR A & ) Lk
L€ ivade,

MmEkFROME T, FRAOKMES5), VKK 6),
=sm7yr—v (MN7) oLoBss, MRAEELY

Pigment Epithelial Cells

\o-—-—da"‘_'—-—o

0.5
= e e
E e
o e
5 /
] .
>
5 0.25]
=
1]
g ./.
g /
o

./
0 5 10 15 days

E3 e iao s LG, BELL ) oMiiiz—e— 5 X107
—A— 5 %108, —&a— 5 X%X10Y, —O0— 5 X10%

Capillary Endothelial Cells

057

contraction volume (ml)
§

—— e —

0 5

10 15 days

B4 EAEA MO oA OIGRERE. RIS D oMl —e— 5 X107
—A— 5 X10°, —a— 5 X104 —o— 5 X10°,



AEFI634E12 5108

WFERfED = FARE LTD 2 5 — 5 v INIFEE - B

145—(2057)

Erythrocytes

0.5

0.25¢

contraction volume (ml)

°‘<=E—-A3=W

0 5

10 15 days

5 #HiiEkos volRiEER EELH» ofMiafii—e— 5 X10°, —a— 5 X

10%, —a— 5 X105, —o— 5 X1(°,

Lymphocytes

057

0.25

contraction volume (ml)

e
:l

0

O —

10 15 days

6 VvABRorAOIMmER BERLH- ) oML —e— 5 X107, —A—

b X108, —a&— 5 X1,

ADRFEERIBEEL T iedh o,

2. W

ASafE R le, MG A, EMmE R
MlEdic, YLroUfEyi L cMRgE T, S
heofilBoMENBEIhC(EE ), ZoMERE
#HE1IHABMAS 4 B BEHTTETL, ¥ A0llEE
BT 280 & —HL T, YL ollffisnib
Hieh - - EHIMEN EMED 5 X10%, 5 X100

fEE Ty AhoMlREmREL Ttk o i,
e MRS b oK B, BREEL
B, BMMEA MR, Moo= -
UM ED TV ABAHEBRBBE THRESZ L
7o, Mool bic= 5 -7 viRiESE
LB filRoBBH LI 2T LEbhb=
- UBHEOER LR rIBEIALRI). F
fok Stk E B T A At T MR 2GS SR



146—(2058)

AfEEE 92% 125

Macrophages

0.5

0.25

contraction volume (ml)

o

0 5

10 15 days

7 =2w 7720 LORMGEERE BELHL- oMaiil—e— 5 X107
—A— 5 X103, —aA— 5 X10% —O— 5 X10°,

B hi,

FRIER, Vv RO, ¥ AthToEEE Lt
HEEMESETIBEI e, Lal,
77— EANETREE CBELLLC S, £
OBEEZHEILTERCESHL TV 5&2385h
(B2, =2 r 77 —COFMEIKCIE= 7 — & v i9H#
DERIZABRET,

DEoBZERL Y, EERMET= 5 -4 v
RS E LTHRERHEL, 27— v RrERL
bk, BELCWCBRTY A ORMEY O ES
CThoLELZLAL,

v % #

27—y AoV ORRELT, Froln
oMb lasia s — > —EEPWL, 25—V
TERTHESELSS, Lrl, ZZCHL RS
T, FAOERENEA Lich ok, flse L BB
FACIEC T A RERRE L Dl e oo 2 &
ffao EEic= 7 -7 vigito SR s Bz hic s &
b, FAOEBEOBATEDO KT’ A ORI
Isdochh, 25 —rr—¥ilsof@iti-L 2
BELTWL LTHLEDTEITCHEEEZLA
F5,

SE0HE T, EERAREHEG 2 ToMan
FARTHEL, MEEcHG Loy v oRiER R
Lz, Keatk EEfilanS & lbiclialobod

=7 R

BEEEMcIRERy VIR RC Licsd, TRtk
MRl MRS O, YA ol
DMEIN Loz, %< ofifgd Y AREELbD
LRALEED ¥ VIFEEE G b0 EELBA
fo. —H, BMEFHEAY 25— X rANEEL S
&, MBEBCIE Ly A DIEN B Z 5 & 3h b,
ZORRMEF Mk 2 7 — 2 v RMER MO Fh b ic
ERI g EH2ANG, HlRAFLHELTBEL
T, ZhboBRRI EERMRE =25 - v
AMHBEE LS ROl TS, F Ry =
7= AVRERTS L, MERMRECELTS
EVO s B, HEFME L EhRMRd =
Ty nBEEMBOLE L LTRIHLTVWAZ £
HbhTWAR #oT, 25— Y ryANTeERLE
LR R AR S M & RO TE 5 - v iR
MEro| EHe, ERIELAByYAEBERETV5
EEzZ bk, —F, IXRARE~s7r77 20
IO wiERIGERH LTSl Th AR IUE X
otz =72r 77— EERBCLIEHES
AT b, a5 —rFvicELELTETHIA,
ZOEFEEOKIMO Ty L ORI X &
Exie,
COERBIZHWkzs—FriilBchirow
L, MiFfEo=27—rvixFcllfchs, LirLK
safE LR MIRCB L T T AABI VI 25 -4
YEARTRLU L 5 RTBRE, fT8h%h & 5 2 &7, M



FEAI634-12 H10 H WTHifoeTrRe LToa -4 wNililghiE - ERb 147—(2059)

A i Ry - pRa U ‘. e AY | R0, h g “"- . 2

8 25— vy ARRL EEAMROMHEEEBETR, A Kdt LB
B, B: @GR EEARE, C: BAOEAE@R, 5 X105k /EEL, =57
v VAR 4 BB XTT (B3 % 25),

7



148—(2060) A& 2% 125

9 =2F7-¥rraAKERS BEBOKME LEMROMEERMETE. A: ME
Lickifam eimothRsi= 7 — % v M BRicER 22T w5, X380 GRER
EXT5), B: Ml BE L it -2 57— ViSHEO®EE, X190 GREMER X
37.5),



IBFI634FE12H10H

k|
1an [

0 =#r77r—-CofaNETHEBETHE, %<
DEREEEELT B,

ErEEMEL B 25 - vy ARTHEEEEDI
Has -y vy ANThRBCRIERRRIZELT 2
ZEDSBEIRTWEY, HoTlE =5 — ¥ vk
hiclfla s —rvaAvTd EERMBCBE LT
KEGHERILVWEZEZ TS,
WFEoERETELTE, 27— voftice 7
e YRS, rAOREHFOBEHLIRERO
BAA BT TFTHEe T An VEEREOKTEY, &
KL DB 0REEZRLELTVHEFHEEIAT
WA, SEAGHRO 5 b, EEaE LM, mn
EHEME, <~7e 77 —-TimonwTil, BiECH
FIXRDH, invitro THTE L TEEL, MTE06
WEELEPELHmESNDH B, TOF/RISE DR
BRI, EERAREMTFEORMBYREZ LTY
BA=r R 7 s — 23R E A ETFREYIEE T
sw, 5T, 254 vl e7ievBolFE
DOHBRIED L, cZTHWIHas—y o
+aMTEoMRAE LTFIATE S LE L bR,
—7%, ORI EFEATHELT58E, fHEh
Tk ATz s - vofEodhoe T ar
vEBBORERFE T EE, WTHoBLoRERELS
ETHHAND B, SEORBREHETI, KlIERTIZE
AEBMRTY, 25— rAolifEbiEs LT
WA, BMLicBEoas -y rAioliffleTair
VEBEOREEDOBFRICOWTHERTALERS S &
EiTwb, ¥f, MTHEFCEEhBEA LEE

WrEEo=FARELTOD 2 5 — ¥ v AMES - R

149—(2061)

HF T ZE8con T b a0 0nERS D
LEZBRED,

WFHmEEE AL O~ OBEREOF S,
Y VREDAH— e TR LIg— TR ED ¥ A
Bohszé, MilAzxHFCr v HILHMIRB L
WAJEERZ &b, EEHICERTW2Z TS
na, FrrvoRERXERECELLhAIE, ER
DRMPBERTH D LinEnb, TN EREN
KHRRRTHHEEZELLRS,

WaRsicdhich, FEMMEALERERELCTE
b, FLMREROEEYH->TTFEVWE LAEBHEERX
R 2 B LFEREORBTEE S L R REo BRI
B LET,

X ik

1) MEHFE T E e > BT O 5
B BT B ERFEEUR. (D FEEA
IR & AR AR & OBk, HER 91:853
—859, 1987.

2) MHHE . W& S AT EEESo R
A BT D RERFEETE, (DWEE7 Y 7
Mo KIS & BT MEER O . B 91:
911—922, 1987.

3) Cleary EC, Ryan SJ: Histology of wound,
vitreous, and retina in experimental posterior
penetrating eye injury in the rhesus monkey.
Am ] Ophthalmol 88 : 221—231, 1979.

4) Sugita G, Tano Y, Machemer R : Intravitreal
autotransplantation of fibroblasts. Am J Ophth-
almol 89: 121—130, 1980.

5) Radtke ND, Tano Y, Chandler D, et al:
Stimulation of massive periretinal proliferation
by autotransplantation of retinal pigment epith-
elial cells in rabbits. Am J Ophthalmol 91: 76
—87, 1981.

6) Fastenberg DM, Diddle KR, Sorgente N, et
al: A comparison of different cellular inocula
in an experimental model of massive periretinal
proliferation. Am ] Ophthalmol 93: 559—564,
1982.

7) Fastenberg DM, Diddle KR, Dorey K, et al:
The role of cellular proliferation in an experi-
mental model of massive periretinal prolifera-
tion. Am ] Ophthalmol 93 : 565—572, 1982.

8) Ussmann JH, Lazarides E, Ryan SJ: Trac-
tion retinal detachment. A cell-mediated event.
Arch Ophthalmol 99 : 869—872, 1981.

9) Vidaurri-Leal J, Hohman R, Glaser BM:
Effect of vitreous on morphologic characteris-
tics of retinal pigment epithelial cells. A new



150—(2062)

100

11)

12)

13

14)

approach to the study of proliferative vitreor-
etinopathy. Arch Ophthalmol 102: 1220—1223,
1984.

Forrester JV, Docherty R, Kerr C, et al:
Cellular proliferation in the vitreous: The use
of vitreous explants as a model system. Invest
Ophthalmol Vis Sci 27 : 1085—1094, 1986.
Greenberg G, Hay ED: Epithelia suspended
in collagen gels can lose polarity and express
characteristics of migrating messenchymal
cells. J Cell Biol 95: 333—339, 1982.

Folkman J, Haudenschild C, Zetter BR:
Long-term culture of capillary endothelial cells.
Proc Natl Acad Sci USA 76: 5217—5221, 1979.
B M R s Mo, FE %
M f, & oo EBREYTFHREN, B4
W, W, AF (BE), 221236, 1985,

Bell E, Iversson B, Merrill C: Production of
a tissue-like structure by contraction of col-

15)

167

17

18)

19)

HiE&3E 92% 125
lagen lattices by human fibroblasts of different
proliferative potential in vitro. Proc Natl Acad
Sci USA 76: 1274—1278, 1979.

Harris KA, Stopak D, Wild P: Fibroblast
traction as a mechanism for collagen mor-
phogenesis. Nature 290 : 249—251, 1981.
GKHEFEBA . a5 - v r—- L7 —fH
HEMER, RO E -8 32227238, 1987.
KRERE, FRET, RREN | v oKk LM
fafbtE & =2 5 = voREicOWT—Ri#FER
o R4 tEFTLo2-T—, HIB 92:
2110—2119, 1988,

AL T Ao T OEBRBIFE. #
18, MTHERIZAbhEE{icowT, HIE
84 : 257269, 1980.

o OEZ R AR M I 3 1 S B
HERTOREE, FE BE: BERERcksTs
B oML, BE, BEEHREF R, 332345,
1985.




