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Topological analysis of the human type I collagen a2chain
(COL1A42) gene which determines susceptibility to systemic

sclerosis.

Ryu-Ichiro HATA
(Department of Biochemistry and Molecular Biology, Kanagawa Dental College).
Jun AKAI, and Akinori KIMURA
(Department of Molecular Pathogenesis, Medical Research Institute, Tokyo Medical and Dental
University)
Summary
Previously we have shown the presence of two polymorphic dinucleotide repeats in the hu-
man type I collagen a2 (C(QL/A42) gene, one in the 5' flanking region (upstream repeat) and the
other in the 1st intron (1st intron repeat) and that the co-presence of these two repeats stimulates
expression of the gene. And also a specific haplotype of the two microsatellites of the human
COLIA2 gene correlates with susceptibility to systemic sclerosis.

A major part of the DNA double helix within cells exists in the right-handed B-form conforma-
tion. Structural transition from the B-form to the left-handed Z-form DNA at dinucleotide repeats is
proposed to play an important role in the transcriptional regulation of various genes,

To investigate the association of the change of higher-order structure such as the transition from
the B- to Z-form DNA (B-Z transition) with the two repeat regions and its role in transcriptional
regulation, we performed two-dimensional (2D) gel electrophoretic analyses of constructs contain-
ing or not containing the repeat regions. The results indicated that constructs containing both of the
repeats led to a structural transition from B- to Z-form but that the construct lacking either of them
did not. Additional 2D gel analyses using several constructs containing either of the two repeats
showed that this structural transition occurred only in the upstream repeat, but not in the st intron
repeat. Total number of supercoil relaxation was measured among the constructs with different
combinations of several repetitions of the two repeats. The result supported the idea that B-Z tran-
sitions occurred only in the upstream repeat regions. Our findings therefore indicate that the up-
stream repeat region has the ability to convert its conformation from B- to Z-DNA but that the 1st
intron repeats did not, although both of the dinucleotide repeats are indispensable for enhancing
transcriptional activity of the COLIA2 gene.



BU&IC

Ta kil Mas—4r o288 (COLIAD &
{BF OESHRIAERTH I BET O LHRRUE—
A bRl 2 OOREEFIEROHELY . 20K
HECANDMAEHEIZ LY | COLIAZEIE T-OREIE
BRI THDHI L2 | B, W ET{REE
H R TRERFOBRAEDLE (AT aga7) 3
MBEIZ AT AREMICEESE LT 2 29 2HE
Lo, AT TILZ OEHIEEE A H &S c+ 5
DI A NI D RNRT A Vv —% "k
TCERKENE CTHEEL . =S HEE O RS,
MICGEEDOBAMENSERED LIRS £ ~D
HafE A fRAT L7,

HEEFE

1) AYARZIOMERRFAY 7 —OEE
COLIA2 BT O EFHO R ERS (ki ERos)
BRUE—A 2 horOREES (o o RIER
) O OOREEH S 1e RO COLINZB{G T o
YARZZ FEPCR IETIER L HERY| 2 ML
fo (Fig.1 ) TR EOOERIZHE % ORE (0~ TaM)
ODZF VLT al FEEMUCADEBI %Y
FoZALREERGETERA Y AT —F 1 T25C.,

2) 2RTBKABICED MRFPIYVT—D5 M
LEEDBEFE2 AT 7 bOMRT A Vv-RE
WERNE, 0.7% 7 A —2 5L, U R /R OEE
& Witk (TBE) H C—R ot B OB R EKEN 4 110V T 160
BTV, 2 CIMD 7 ead L CUE L S5E %
VIS w7 A8HE#, MOy oo X FflEFT
KoL B OukENE 100V TI8BRfEIIT -7, /7 nusy
EERWiS#, =F LT oI FORE L, BEE
RZATV, ZZIRTEKE% O PR T A V= —OBEE
HEDLHET £ oS LY,

3) BREStEUNS IRSEYADEBDAIE®
DNA S DB-ZEHERBIZEIETIELO) S
—1a U ELUTORICLEHE L=,
i/10. 4+i/12
ZONRTI N EEFOE LS. 10,4, 124358 %
FEREEBIUVEEXS YL O—EliBY7 0 OEEH
BT, £, B-IEBICK T ART o BERLL
ToOXRTHEE L,
—10. 4y/z
ZOR Ty I TIRIUERKE O — T B DkE T
PRENEBED > 7 bERLUIZ PR A Vv —DEE.
zidAWEa A NG 7 b (FFAIF) ORERE
N AN

16 FERRETLE L7, g m
(CA), CGCACA(CG), (CA), ™),
Y @ - - I3
exon 1 exon 2
* ] pCOL1A2-1.4ADR
& = pCOL1A2-1.4DR
A {  pCOLIA2+1.4ADR
A — § PpCOL1A2+14DR
: [ | pCOLIA2-1.4/+1.4ADR
& — §  PCOLIA2-L4/+1.4DR

Fig. 1. Schematic diagrams of the 5' region of the COLIA2 gene (uppermost) and gene frag-
ments (lower diagrams) that were contained in the plasmid clones used for the study. Arrows
indicate the transcriptional start site of the gene. Crosshatched and hatched boxes indicate the
dinucleotide repeat in the upstream and in the 1st intron of the gene, respectively. Names of
plasmid clones containing the DNA fragments are indicated on the right side.
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Fig. 2. Two-dimensional gel electrophoresis of topoisomers of pCOL1A2-1.4/+1.4DR, con-
taining (19, 7, 8} of the upstream repeat and x=12 of the 1st intron repeat {A), and pCOL1A2-
1.4/+1.4DDR, which does not contain either repeat (B). Electrophoretic patterns of the re-
spective plasmids are shown on the right side of the figure; and schematic diagrams of the
results, on the left side. The directions of each dimension of electrophoresis are indicated in
the figure. Positions | and 11 correspond to the minima in electrophoretic mobility in the 1st
and 2nd dimension, respectively, and relative topoisomer numbers counted from the minima
in the first dimension are indicated. N indicates the position of nicked DNA.
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Fig. 3. Two-dimensional ge!l electrophoresis of topoisomers of pCOLIA2-1.4DR, con-
taining (19, 7, 8) of the upstream repeat (A), pCOLI1A2+1.4DR, containing x=12 of the
Ist intron repeat (B), and those not containing either dinucleotide repeat, pCOLTA2-
IL4ADDR (C}, and pCOL1A2+1.4DDR (D), respectively,

Diagrams shown at the upper part of the respective figures indicate gross structures of
COLIAZ gene segments contained in these constructs. Arrows indicate the transcrip-

tional start site of the gene.
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relative topoisomer numbers from minima of the Ist dimension are also indicated.

Lt @ERANP TR ERL S TH BT
Vo7 t—arOBRITC6 RIEEH AR
AYEEMN 2XT=117200 T 1.35 (14/10.4) £ 72D
F. LR ERNOLNRRRZ i 758
S~OEERICE ORI D S v =g
OFREIT13.28 (74/10.4+74/12, TA1E L i 18 41
DRBIEE) Th D, HH OML 2R OCER KB L
é&7f/mj77t g O EAEIS (40-27)
T3 (Fig 28, ZORERML, Avioos
A LT 7 NI LR EA BT Az e 78S
T~ OEERE I LI EAEREL T, ELIZ
ANE TN -REROCR2 b2 A 77 o
KKEN BT AMEIEERE O > 7 ML AR T A Vv —
FESUTTHI-TEHEY (Fig. 1), ZoMEme RS
T L RG E OERBIC BT O T LR A
EBELZ-0.036 (-10.4Y/Z, 403 A T2 |
TEIE., 27/7712, 27/7736, 27/7732, 27/7740)

49

R s, Shidl o ER Y LAY -t
T 550, PLLoRERERAVvEE AT ME
PNCEEL AN O It L RS A > T D 2 E A

T,

L7 L, Ao bcle L7 2SR O {FfE &
SRS EIE VL e L B A T S A o0 T,
COLIAZRAR T- O M IFACHIIZ X 280 S0 G & R
AR T-LLDNA 03 7 RIS LA D S TR F 55 2 L A
RERSL, TS EILER roEREIZ BT
BT O T TE 2008 Ll i o (7 7E
LTHEY ., COLIARBR T- O Z 5
HO4y T O IO E & A Sy T
<L BE TR SR &R BT PR o R I
boLEZLRL™I,

%/]iuﬁ

t}h '7‘



2)

3)

4)

X B

Akai I, Kimura A, Arai K, Uehara K, Hata R: Fine
structural analysis of the unique 50 region of the hu-
man COLTA2 gene containing two regions of dinucle-
otide repeats adjacent to the transcriptional start site.
Connective Tissue 1998; 30: 1-6

Akai J, Kimura A, Hata R : Transcriptional regula-
tion of the human type I collagen o2 (COLIAD
gene by the combination of two dinucleotide repeats,
Gene 1999; 239: 65-73

Hata R, Akai J, Kimura A, [shikawa O, Kuwana M
Shinkai H : Association of functional microsatellites
in the human collagen o2 chain (COL7A42) gene with
systemic sclerosis. Biochem Biophys Res Commun
2000; 272: 36-40

Akai J, Kimura A, Hata R Analysis of the higher-
order structure of the two dinucleotide repeat regions
that enhance the transcriptional activity of the human
type I collagen a2 (COL1A42) gene promoter. Con-
nective Tissue 2000; 32: 259-265

5) Haniford DB, Pulleyblank DE: Facile transition of

poly[d(TG) 4 d(CA)] into a left-handed helix in physi-
ological conditions. Nature 1983; 302; 632-634

' 6) Rahmouni AR, Wells RD: Stabilization of Z DNA in

7)

8)

9}

10)

11}

vivo by localized supercoiling. Science 1989; 246:
358-363

Peck LJ, Wang JC Energetics of B-to-Z transition in
DNA. Proc Natl Acad Sci USA 1983; 80: 6206-6210
Blaho JA, Larson JE, McLean MJ, Wells RD : Mul-
tiple DNA  secondary structures in perfect inverted
repeat inserts in plasmids, Right-handed B- DNA,
cruciforms, and left-handed Z-DNA. J Biol Chem
1988; 263: 14446-14455

Herbert A, Rich A : The biology of left handed Z-
DNA. J Biol Chem 1996: 271; 11595- 11598

Hata R, lzukuri K, Furue M, Kato Y, Koshika S : Com-
plex gene diseases of the connective tissue, Connec-

tive Tissue 2001; 33: in press.

moE—R 1 Ao 0B RETEML
MOHMOBRSRETR MY 2001:
Fl|



IRENRIE( L EERBRICB IFTBATILI N R F oD
BEICDODWT

ZE B &F E_m (FEXT FIAR)
ERBFRE A e BFE EREE, KB OE,
Tk R (TEARFE HTAR)

A possible role of dermatopontin in atheromatous plaque

formation

Seijiro MORI, Minoru TAKEMOTO, Koutaro YOKOTE,
Sunao ASAUMI, Yasushi SAITO
Second Department of Internal Medicine, School of Medicine, Chiba University, Chiba, Japan

Summary

Immunohistochemical analyses were made on the expression of osteopontin (OPN) and
dermatopontin (DPN) in neointimal formation of rat carotid arteries caused by balloon catheter-
induced endothelial injury. In non-injured arteries, the medial layer stained positively for DPN
antibody, but negatively tor OPN antibody. At day 7 after endothelial injury, OPN became ex-
pressed throughout the intimal thickening where DPN was not expressed. At day 14, OPN expres-
sion was gradually decreased whereas DPN became expressed in the intimal layer. At day 28, DPN
expression was further increased and expanded all over the intimal layer, but OPN expression was
completely diminished. These data suggest that, in the early phase of intimal formation, OPN fa-
cilitates the proliferation of intimal smooth muscle cells (SMCs) in autocrine manner, and in the
late phase, DPN suppresses the prolliferation of intimal SMCs and promotes the synthesis of extra-
cellular matrix possibly by enhancing ambient TGF-beta activity. The reciprocal change of the
expression of OPN and DPN may play an important role in determining the nature of atheromatous

plaques.
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Deficiency of the decorin core protein in the variant form of

Ehlers-Danlos syndrome
Hiroshi SHINKAL, Jinghai WU, Atsushi UTANI, Hideharu ENDO

Department of Dermatology, Chiba University School of Medicine

Summary

Decorin belongs to a family of small leucine-rich dermatan sulfate proteoglycans that are in-
volved in the control of matrix organization and cell growth. Here, we described a patient whose
skin glycosaminoglycans showed extremely decreased amount of dermatan sulfate compared with
a normal control skin. This patient presented clinical features of Ehlers-Danlos syndrome with a
chronic skin ulcer. Western blotting revealed that the deficiency of dermatan sulfate was due to the
defect of decorin core protein. b-xyloside, an initiator of dermatan sulfate glycosaminoglycan chain
elongation, enhanced the synthesis of dermatan sulfate in the fibroblasts of the patient to a similar
extent to that of control. This result indicated that the enzymes for the elogation of dermatan sulfate
side chains were normal. Northern blotting demonstrated remarkable reduction of decorin mRNA
level, while biglycan mRNA level was concomitantly increased and procollagen o l1(I) mRNA level
was normal. cDNA and exons sequencing analysis showed there was no mutation in decorin gene
of the patient. IL-1p stimulated decorin expression to about 140% in control fibroblasts while
about 110% in patient fibroblasts. On the other hand, TGF-B1 resulted in 40% reductions of decorin
expression in both control and patient fibroblasts. These data suggested that reduced decorin ex-
pression of fibroblasts from the patient of Ehlers-Danlos syndrome may be due to abnormalities in

the regulatory regions, which is responsible for the IL-1p stimulation.
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Fig. 1. Two dimensional electrophoretic patterns of GAGs from control and
patient skin. Electrophoresis was performed on a cellulose acetate membrane
in 0.1 M pyridine/0.47 M formic acid, pH 3.0, at | mA/cm for 90 minutes for
the first dimension and in 0.1 M barium acetate at 1 mA/em for 3.5 hours for
the second dimension. The membrane was stained by alcian blue. Arrow indi-
cates the origin. HA: hyaluronic acid, DS: dermatan sulfate, C4S: chondroitin-

4-sulfate, HP: heparin,
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Fig. 2. Western blotting analysis of decorin core
protein levels secreted by control and patient fi-
broblasts. After CPC precipitation from condi-
tioned media, 15 mg samples of control and pa-
tient fibroblasts were treated with or without chon-
droitin ABC lyase. The products were applied on
12.5% SDS-PAGE and followed by western blot-
ting with anti-decorin antibody. Decorin is detected
as a single 45 KDa band. Lane I, control fibro-
blasts without ABC lyase digestion; lane 2, con-
trol fibroblasts with ABC lyase digestion; lane 3,
patient fibroblasts without ABC lyase digestion;
lane 4, patient fibroblasts with ABC lyase diges-
tion.
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Fig. 3. In vitro study of GAGs synthesis and enzy-
matic activity for dermatan sulfate elongation. The
fibroblasts were metabolically labeled with 3H-glu-
cosamine and ¥58-sodium sulfate, for 24h. The la-
beled GAGs were collected and separated on a cel-
lulose acetate membrane by two-dimensional elec-
trophoresis and visualized by flurography. A: con-
trol fibroblasts, C: patient fibroblasts. The fibroblasts
were also labeled in the presense of B-xyloside. The
GAGs were analyzed as above. B: control fibroblasts
with B-xyloside, D: patient fibroblasts with p3-
xyloside. HA: hyaluronic acid, DS: dermatan sul-
fate, C48: chondroitin-4-sulfate, HS: heparan sul-
fate.
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Fig. 4. Northern blotting of decorin, biglycan
and o 1{1} collagen mRNA levels of control and
patient fibroblasts. The same membrane was
stripped and used for northern blotting with each
probe.
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Fig. 5. Effect of [L-1f3 or TGF-B1 on the expression
of decorin mRNA. Confluent fibroblasts from con-
trol and the patient were cultured in DMEM contain-
ing 0.5% FBS with 10 units/ml IL-1B or 1 ng/ml TGF-
B1 for 24h, RNA was obtained from duplicate ex-
periments and 5 mg of total RNA from control or
patient fibroblasts was used.
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Fig. 6. The expression of decorin protein regulated
by IL- 1P or TGF-B 1. Confluent fibroblasts from con-
trol and the patient were cultured in DMEM con-
tained 0.5% FBS with 10 units/ml [L-1p or 1 ng/ml
TGF-B1 for 24h. Samples from the conditioned
medium of control or patient fibroblasts were elec-
trophoresed following chondroitin ABC lyase diges-
tion. Decorin was detected with anti-decorin anti-
body.
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Targeted disruption of dermatopontin leads to abnormal

collagen fibrillogenesis.

H. SHINKAIL U. TAKEDA , E. ADACHI*, T. MATSUMOTO*, M. TANIGUCHI*
(Department of dermatology, Chiba university school of medicine, Chiba, Japan, *Department of
Molecular Morphology, Kitasato University Graduate School of Medicine, Sagamihara, Japan,
"Biomechanics Laboratory, Graduate School of Mechanical Engineering, Tohoku University,
Sendai, Japan,®*Department of molecular immunology, Chiba university school of medicine,
Chiba, Japan)

Summary

Dermatopontin (DPT) is a 22-kDa extracellular matrix protein (ECM), which widely distrib-
utes, including skin, skeletal muscle, bone, cartilage, and other tissues. DPT has been shown to
interact with decorin and have cell adhesion activity, which is mediated by cell surface integrin
receptor. Moreover, DPT binds to type I collagen and accelerates collagen fibril formation in vitro.
We generated the DPT-null mice by gene targeting to study the biological function of DPT. DPT-
null mice were born alive, grew to normal size and were fertile. DPT-null mice showed Ehlers-
Danlos syndrome-like skin laxity and fragility, although these mice did not exhibit obvious histo-
logical abnormalities of the skin. In electronmicroscopic studies, the diameter of collagen fibrils in
skin from DPT-null mice is remarkably greater than that of littermate control and individual fibrils
in DPT-null mice exhibit irregular contours. In addition, the absence of DPT leads to skin fragility
- confirmed by tensile strength test. The values of tensile strength measurements of the skin are
significantly reduced in DPT-null mice as compared with normal littermate. These results indicate

that DPT plays an important role in collagen fibrillogenesis in vivo.

— 6l



BUBIC

SEEDRIEIIRE, fiZ il U LT o /AHR
DML THY | WEBL~D=2 T -4 B L UM
fast~ b U o7 A ECM) K ORFEER 2 D5
DI IC T 2 ECMO SRS F I L Ty
FIEARERE,

RS~ ) v ARG THAETFT L~ FEF
O (DPT) "0, FE0E, B, B LICEBIL
FalweaF—F Al eT 5D LM
BEEEELSLZEBHRALTWD T 9, 200D
AT L AREA b Y v 7 R EOMEERIZE
B4 Az LaELLNS, In vitro TOPTHR =25 —
BRI R A RET 2 MEREL L L0 E
BRE 2R & OFBHENIRRRIC BT 2 T =7 U BED
R AT E L TV AARESRH AT 9,
a3y =T IO DPT v 2T
7 e AEVERE L, DPT DAERNIZISIT e
Wt L.

2,5,6)
~

B RDPT cDNAZRAWT, =D AF S LT AT T
(A DASHII) kv~ 2RDPT OFIERBAtE2 Fr %25
DI FV N ERAI -7 L, 2B
FAwA Ay PEBEBBRTLELICF Sy
TA Iy S —EEE L Rl ES #ifgiz=L 7 b
pARL—a il LD BEFEAL Fig 14), tH
R Az L7 a— 7oy ML D

L. ageregationiEil KW ¥ A Fw T A&/, Fl

~7 2 REtOREIZL > THONER2~ T A%
7oy PEIUPCRIEIZL Y genotyping 4T
W, wild type(zmor br—A)RBES v 777 b
< U AERRATICL BV (Fig 1B,0),

S 2T e AIBIT AT BEFEIUER
L L ORBRRELTWS I 2%, RI-PCRIE, @
ATy ML DR L (Fig 1D, E),

2. FERBRHURRAT

6 B 5 8 MEHD = 7 X DI L 0 R LA
BEL, 10%&A~) EES, HEG ., Azan fifd
WTHRE L~V COMBFENIIT 2T > 7, Ei,

HE & HE BHEIZL O 27— IR R DR 1T - o,
1. JwOF IR ADER 3. ERMO3IRAR
A D

§ g H K wild RT-PCR

type

? v F TK |Targeting

vector gdermataopontin

g $ PEK S
& actin
E Western blot

800bp—
600bp —

o+ H+ Ht H+ A A - A4 H-

Figure 1. Targeted disruption of the DPT gene and generation of DPT-null mice.

(A) Targeting strategy. Schematic representation of the DPT locus, targeting vector, and recombination at the DPT
locus. Correct targeting should replace the 0.6-kb Hind3-Kpn1 segment containing the exon 1 with the 1.1-kb pMClneo
cassette for positive selection. H, Hind3; K, Kpn1; 8, Sacl; X, Xbal. (B) Southern blot analysis of DNA isolated from
the wild-type (+/+), heterozygous (+/-) and homozygous (-/-) adult mouse. Presence of a 4.5-kb Sacl fragment indi-
cates one correctly targeted allele. (C) PCR detection of the targeted allele. (D) RT-PCR analysis of RNA from the tail
tissues. (E) Immunoblot analysis of protein(100pg) extracted from the tail tissues using anti-DPT antibody. Notice
the presence of the 22-kD protein in the wild type and heterozygous animal while no immunoreactive material was

detected in the homozygous mouse.
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Figure 2. Histological analysis of dorsal skin from wild type (+/+) and DPT-null {-/-)
mice. The sections were Azan stained in which the connective tissue, collagens primarily
stain blue. The collagen fibers in DPT-null (-/-) mice were sparse and interfiber spaces

were increased.

+/+

Figure 3. Transmission electron microg-
raphy of collagen fibrils in reticular der-
mis. The presence of larger fibrils with
irregular contours in the tissue from DPT-
null (-/-) mice, in comparison with the
more compact and uniform pattern of
fibrils in the control (+/+) mice.
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Figure 4, Skin tensile stress-strain mea-
surements. The average of maximum
strength in DPT-null (-/-) was 20% lower
than the wild type (+/+) mice.
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Extracellular matrix 22-kDa protein interacts with
decorin core protein and is expressed in cutaneous
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Figure 5. GAGs analysis of dorsal skin. (A) Total uronic acid content in skin specimens from DPT-null (-/-)
and wild type (+/+) mice. The average of total uronic content in DPT-null (-/-) increased two-fold above the
wild type (+/+) mice. (B) Representative two-dimensional electrophoretic pattern of GAGs from DPT-null (-/-
} and wild type (+/+) mice. Note hyaluronic acid in DPT-null (-/-) remarkably increased compared with wild
iype (+/+) mice, while there was no different in dermatan sulfate and chondoroitin sulfate. HA, hyaluronic acid;
DS, dermatan sulfate; C48, chondoroitin 4-sulfate; HP, heparin sulfate.



