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ORIGINAL ARTICLE
EFFECTS OF LUMICAN ON IN VITRO COLLAGEN FIBRILLOGENESIS IN CULTURES
OF IMMORTALIZED MK/T-1 CELL LINE FROM MOUSE KERATOCYTES

Kazuhisa Mamiya, and Mitsuru Nakazawa

Abstract Keratan sulfate proteoglycans, such as lumican and keratocan, play an important role in corneal
morphogenesis by modulating collagen fibrillogenesis during embryonic development. We examined the role
of a highly conserved 37-CX3CXCXoC-53 domain adjacent to the N-terminus of lumican in collagen fibrillogenesis,
using site-specific mutagenesis to prepare plasmid DNA encoding for wild type (CX3CXCXoC) and C/S mutant
(CX3SXCXoC) lumican. cDNAs were cloned into a expression vector. Cultures of MK/T-1 cells, an immortalized
cell line from mouse keratocytes expressing human telomerase reverse transcriptase were transfected with the
cDNAs. Stable transfectants were selected and cloned in the presence of zeocin. The stable transfectants maintain a
dendritic morphology similar to the parental MK/T-1 cells. Western blot analysis with antibodies against c-Myc-
tag and lumican detected a 42 kDa lumican protein from the culture medium of the wild type and C/S mutant
transfectants. Ultrastructural analyses by transmission electron microscopy (TEM) showed that both cell lines
generated a multi-layered stroma in vitro. However, the matrix assembled by the two cell lines differed. Compared
to the mutant cell line, the wild type cells assembled a more organized matrix with regions containing orthogonal
collagen fibrils. In addition, the fibrils in the extracellular matrix formed by the mutant cell line showed apparent
alterations in fibril packing and structure. The results indicate that the lumican C/S mutant may interfere with
collagen fibrillogenesis and stromal matrix assembly, potentially due to an alteration in lumican folding.
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INEFNOBEFE/ v 7 LIzvT R
3, WREENIC a7 VRO BEROE L
LBRZaT—7 VIRHEEROELEZ R LT
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AEFEICBTL2FEE o+ 7)) h ik
lumican, keratocan, mimecan & decorin T& 1,
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2HEHICEBEREBRYMEATH S, lumican
keratocan I3 keratan sulfate-glycosaminoglycan
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F7z, SLRPs O X /3=, N-KimEIEKIC
EEIZRFEINTEY T A KR (37-CXps
CXCXs_C) #HELTWA., ZNHBVXTFAV
BElZa7T ¥ 87 N-RgfEKTY X )V
74 FEEEZRT A EBICMNETS. 20D
N-RKETODY IV T 4 NEEEMN, a7 ¥ v
N2 as—=rUaTeEeE3Y, BEERE
HET 5N RRINTNEY. ZoZk
T O NIZT DO KFR TR CX!
CXCXLC D41 BEHOVYZTA VEERY) V
(S41) ICiE#E U 7-Z £ A lumican BIE F % F
B, BEEEZMET CO=KRTT ECM ERIZAY
%% R lumican B{E F DOHEEEZ EREERIZ
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BERLEZTEM (C/S) lumican DS 5 R
3 F DNA O

¥ T HICEF AR lumican cDNA (985 bp,
LA F lumWt & #5 97) % pSecTag2A vector
(Invitrogen) @ Sfil & Not I BAzIZHEA L=,
Polymerase chain reaction (PCR) D7D~
F A ~—I Sfi | HIPRBEFREALE lumican DR
it Not I HIBREERIAL %A L7 LT 0B
#E L, LA 6'>GCG GCC CAG CCG
GCC AGT GGC CAA TAC TAC GAT T-3,
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5>ATA AGA ATG CGG CCG CGT TAA
CGG TGA TTT CAT T-3). PCR X100 ng
lumican cDNA %##8> L, #H& UTANTP
25 nmol & Tagpolymerase (invitrogen®) 2.5 unit
Tz, 2850 yl DRT, 94C 145, 57C
120, 72C 1 3 E O RIG %354 1 27 )V EfT
L, #W\WC72Clo5rfEmm#Es L7z, kW TPCR
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Iz X AHEIbE, 7o bk a—) (New England
Biolabs) IZ%€ - T37°C 2 e, #i\»T50C 2
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CX3SXCX,C (ZEEA, LUIFIlumC/S &#9)
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DI1ERGEA ) IX 7 VA F N (194bp) Z/FHEL
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ACA GTT GGG-3' (lumican mRNA (Z+E#rY
374 —) ETT T IAR—DTF4
=X (BN :200 %A L, PCR 21T 5 7.
Z D 1 A8 PCR EWZHIR & RO EIZT
FIVEBM LK% 3754 ~<—TdhbNotl
ZELRX 7 VA F N ERITMO PCR UGKIC
mz ek, ZOPCRE®D lumWt DFE
L FEIEEIZ pSecTag2A vector IZFEA XN 7.

MpRiZE L P-7 RO E B & transforming
growth factor (TGF)-81 2 &L =Rtk
BE

lumWt & lumC/S % & €& vector iX, ZN %
N VBANY Y LEFRLTY Y 2AEEE
MR B3R 5 RIE{L#ifa R TdH 5 MK/T-1
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i

(Invitrogen) &£10% 7 ¥ fafrmE (FBS) %
&7 L 7= Dulbecco’s Modified Eagle Medium
(DMEM) T5%CO,, 37CTHE:#E LIHHEX
7=, 100 pg/ml zeocin 1E, 70—V #REET
Hlz0HARE LTERIN.

25x10E DM fa %, 247¢8%#% M (Falcon)
L2247 EEA 7 « V57— (Falcon) IZF%
&, 100 yg/ml zeocin, 0.1 mM P-7 X2 )V
B, 1ng/ml A4 H# %2 TGF-51(R&D), 10%
FBS 4% DMEM T 5 % C0,/95% air T 4 ~
6 BEREE Uz, BEWRIIAE 2 BIAcH# LT
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BERTRIZ, BRI ERER OB
Miaz, V) vEeEE AR AR K (pH74, PBS)
T 3MEki# L&, modified Karnovsky
EE#® (25% EM grade glutaraldehyde,
4.0% paraformaldehyde, 8 mM CaCl;, 0.1 M
cacodylate buffer pH7.4) Ziz, BEY 3 v
7w BT B OICEBRTEE L-. Mgz 2R
DREERIZE U1k, oMK RIck LERE
kAT L7, 10720 LI RICH LW 4To
BlERICKHL, 4CTIHIC 2RMEE L
. 2RHEE BERZREL Mz
transport solution (0.1 M cacodylate buffer,
10%6 2 27 a— X, 1/10 modified Karnovsky [&
EWR) T1EBEER L. 3V I VIEERICRE S
T, TEMIZTHELT-.

= S

lumican cDNA I, pSecTag2A vector |Z#§
A (M1, LB, AR EZERA
lumican OEFEELFITIX, 2 F 2410 TGT A2
TCTICZE AL L, Z @& R lumWt D C41 »°
lumC/S T S41 KL LT\ A Z L0 HER X
ni- ("1, Tg).

4T D stable transfectants {3 A &5 T D
BEIC,r2DLET, MK/T-1 MIRICEL L
BRI EZRLU W= 2). Znb ok
i, BRIV THENVWEIRDONT, K
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Lumican cDNA
SHI  (985bp) Notl

(Invitrogen)
5.2kb 7

pSecLumWt
pSecLumWt

TGT GCA CCA GAA TGT AAC TGC CCC CAC AGC TAC CCA ACT GCC ATG TAC TGT
3%« ¢ A P E C N C P H S Y P T A M Y (53
TGT GCA CCA GAA TCT AAC TGC CCC CAC AGC TAC CCA ACT GCC ATG TAC TGT

3C A P E S N C P H S
pSecLumC/S

Bl 1 pSecLumWt (B4R BX U pSecLumC/S (BREA) oKX (LE), &
FHNTT I VA (ICIIKRE) ETRICRYT .

Y P T A M Y (53

Control (pSecTag2A
Empty Vector)

pSecLumWt |

pSecLumC/S | - ..

2 REFGMBOKE. pSecLumWt H & U pSecLumC/S X & b i Bz
MK/T-1 $ifiZ 385 U=k IR 7R LT 5.

B FIZX5EBIIRHONL -7 (K 3).
western blot iX, lumWt, lumC/S D5 %& K
oW ENTzlumican ¥ /%27 #RET 5
anti-Myc i CIr-7-. K470 v ik
anti-Myc 1A CFa—7 L7-. WT2, WT5,
WT6 X lumWt 7 o — > ThH, bk

B O W XN 7 lumican ¥ /N7 Bk
9 42kDa/N Y KR 6N, BEM
lumC/S @ 7 a — > C/S2,C/S12,C/S39 T b,
lumican ¥ >/N7 O3B R BN/ (K 4).
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100 —o— pSecTag2A#16
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0123 4567
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M3 MR ZhTh OREFEAMIRICHMEEICIZERRD ONiah - 1.

C/s2 Cs12 ClB 39 WT2 WT5 WTé6

B4 #ic-Myc Hifk% B\ /- western blot. WE THIRETFIC X 5 lumican ¥
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B 5 FRETFEMS (TEM) #HE ZAEKM LumC/S 9o
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a7 =7 VREOREI AN T (K5). Mg 2, EFAEREICRONDS XS ICE
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TWaA. —7, lumC/S #3872 ECM % 7R
LT3,
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AEEBIZSLRPs & 05—~ Ui BEICE
UEEICHBEIN - M) vy 2 X THY, AR
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FHRMERE—/ra S5 -7 VOBREKRFIE LD
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lumican, keratocan, mimecan i 2 5 — %
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LM CH S MK/T-1 W, FAEREE
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5. ZDOZEIZHTI080 D & O EEHEKD
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BHREWZ S ICHFAR, BRA lJumican 37 -
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Z DO MK/T-1 fifaszgs 27 L 2FA LT,
#7213 lumican O N-KImlZ D P ZIIVT 1 Mg
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WAL ER D2 & 35— VO
BEEINZ. 207 3 /BE#D lunican
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