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cDNA Cloning of Mouse VLA-3 a Subunit
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Abstract

cDNA clones for mouse VLA (very late antigen)-3 a subunit (a3 integrin) were isolated and sequenced.

The encoded mouse a3 integrin subunit was composed of 1,053 amino acid residues. The results of sequence analysis
revealed similar structural characteristics to other VLA « subunits. For example, the presence of a large extracellular
domain including three putative metal binding sequences, a transmembrane domain, and a short cytoplasmic domain.
A higher level of its message was detected in thymus than in kidney, stomach, spleen, liver, brain, or lung by Northern

blotting analysis. 1995 wiley-Liss, Inc.
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Members of the integrin family play impor-
tant roles in mediating cell-matrix and cell-cell
interactions [Hynes et al., 1987]. Each member
is composed of two subunits, a and B. Both of
these subunits span the plasma membrane. The
a3B1 Integrin (VLA-3), a member of the g1
integrin family, is proposed to function as a
receptor for fibronectin, laminin, and collagens
[Takada et al., 1988; Elices et al., 1991]. Several
recent reports including ours have suggested
that «3p1 integrin plays a critical role in the
intercellular adhesion events [Symington et al.,
1993; Sriramarao et al., 1993; Takeuchi et al.,
1994]. We have previously cloned the human a3
integrin ¢cDNA from a human bladder carci-
noma cell line ¢cDNA library [Tsuji et al., 1991}
This human homologue of galactoprotein b3
seems to express on fibroblastic cells after onco-
genic transformation at higher levels than be-
fore [Tsuji et al., 1990]. Enhanced expression of
a3B1 on transformed cells may be related to
their oncogenic phenotypes [Saga et al., 1988;
Plantefaber and Hynes, 1989]. However, a3p1
levels have no apparent correlation with the
malignant behavior of cancer cells according to
other studies [Dedhar and Saulnier, 1990; Pigna-
telli et al., 1990]. Dedhar et al. [1993] reported
that an invasive subpopulation of PC-3 human
prostate carcinoma cell line showed lower level
of a3B1 integrin expression than parental cells.

Received June 9, 1994; accepted July 19, 1994.

Address reprint requests to Tatsuro Irimura, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113, Japan.

© 1995 Wiley-liss, Inc.

In contrast, Natali et al. [1993] demonstrated
that the levels of a3p1 integrin on cutaneous
malignant melanoma cells were positively corre-
lated with the degree of dermal invasiveness.
These studies suggest that this integrin plays
crucial roles in the abnormal behavior of cancer
cells. However, the regulation of and the func-
tion of a3B1 integrin have poorly been under-
stood. In the present paper, we have cloned and
sequenced the cDNA for the « subunit of murine
VLA-3, and analyzed its mRNA level in murine
tissues. This is the first step toward the under-
standing of VLLA-3 integrin regulation in mice
and the generation of VLA-3 deficient mice.

MATERIALS AND METHODS
Cell Culture

SV-T2 Cells (SV-40 transformants of BALB/
3T3 fibroblastic cells, ATCC CCL163.1; sup-
plied by Japanese Cancer Research Resources
Bank, Tokyo, Japan) were cultured in Dulbec-
co’s modified minimum essential medium supple-
mented with 10% fetal bovine serum at 37°C
under 5% CO.,.

RNA Preparation

Total RNA was prepared from SV-T2 cells or
various mouse organs by the guanidine thiocya-
nate/CsCl gradient centrifugation method [Chir-
gwin et al., 1979]. Poly A* RNA was isolated by
two cycles of oligo (dT)-cellulose column chroma-

tography.
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Construction and Screening of cDNA Library

¢cDNA was synthesized with SV-T2 from the
poly A* RNA (5 pg) as described above by the
method of Gubler and Hoffman {1983] using the
Pharmacia (Uppsala, Sweden) cDNA synthesis
kit. cDNA was size-selected (> 1.5 kb) by electro-
phoresis on an 1% agarose gel, recovered from
the gel using Geneclean (Bio 101, La Jolla, CA),
apnd ligated to the dephosphorylated EcoRI arms
of the Agt10 vector. Ligated DNA was in vitro-
packaged with a packaging extract (Gigapack,
Stratagene, San Diego, CA). Recombinant phages
were screened by hybridization with hamster
galactoprotein b3 cDNA [Tsuji et al., 1990] that
was labeled with 32P dCTP by the random prim-
ing method [Feinberg and Vogelstein, 1983].
Hybridization was performed at 50°C for 24 h in
6 x NET, 10 x Denhardt’s solution, 0.5% SDS.
When 2 X 10° recombinant phages were screened
with this probe, five positive clones were ob-
tained.

Subcloning

DNA from the phage clones was digested with
EcoRI, and the inserts were subcloned into a
pT7T3 18U plasmid (Pharmacia LKB Biotech-
nology) or a pBluescript SK(+) vector (Strata-
gene, San Diego, CA). After DNA-transforma-
tion of XL-1 Blue strain bacteria (Stratagene,
San Diego, CA), the clones with inserts were
screened by color selection with isopropyl-1-thio-
B-D-galactopyranoside and 5-bromo-4-chloro-3-
indolyl-B-D-galactopyranosid.

DNA Sequencing

Dideoxynucleotide termination sequencing re-
actions [Sanger et al.,, 1977] were performed
with single-stranded DNA produced from pT7T3
clones by superinfection with the helper phage
M13KO7 [Vieira and Messing, 1987]. A set of
deletions was prepared as previously described
[Henikoff, 1984], and by the use of restriction
sites. DNA sequencing was carried out with a
Model 373A DNA sequencer (Applied Biosys-
tems, Foster City, CA) using a Taq polymerase
(Applied Biosystems, Foster City, CA) and an
M13 universal primer.

Northern Hybridization

For Northern blotting analysis, 50 pg of total
RNA were electrophoretically separated on 1%
formaldehyde-agarose gels and transferred onto
nylon membranes (Hybond-N, Amersham). The
membrane filters were prehybridized in 50%

formamide, 5 x SSPE, 5 x Denhardt’s solution,
and 0.1% SDS at 42°C with a 32P dCTP-random
priming-labeled 600-bp DNA fragment obtained
by digestion of mouse a3 integrin cDNA clone 1
with EcoRI. The membrane filter was washed in
2 x SSC, 0.1% SDS at room temperature for 5
min twice, and then in 1 X SSC, 0.05% SDS at
68°C for 1 h. Autoradiography was performed
with Kodak X-OMAT films (Rochester, NY).

RESULTS
cDNA Cloning of Mouse VLA-3 « Subunit

After screening of murine SV-T2 cells cDNA
library (2 x 105 independent phages) with a ham-
ster galactoprotein b3 ¢cDNA probe, it resulted
that five positive clones were isolated. From the
results of restriction mapping, these five clones
were strongly suggested to align to each other as
shown in Figure 1.

Characterization of cDNA Clones for Mouse
VLA-3 a Subunit

The ¢cDNA sequence and the deduced amino
acid sequence in the coding region of mouse o3
integrin are shown in Figure 2. The ¢cDNA se-
quence was constructed from the five overlap-
ping partial ¢cDNA clones. We concluded that
these clones represent murine a3 integrin be-
cause i) these clones have a high sequence homol-
ogy to the hamster galactoprotein b3 (93% of
amino acids were identical) and the human a3
integrin (88% of amino acids were identical), ii)
all 19 Cys residues were located at matched
positions to hamster and human a3 integrins
(Fig. 8), iii) Southern blotting analysis indicated
that mouse o3 integrin gene was a single copy
gene [Tsuji et al., 1990], and iv) the length of the
constructed cDNA sequence was in good agree-
ment with that of a transcript of a3 integrin
(~4.8 kb) detected in Northern blotting analy-
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Fig. 1. Restriction map for five overlapping clones encoding
mouse a3 integrin. cDNA was cloned in five overlapping clones

(1 to 5) to cover approximately 5 kb. Protein coding and
untranslated regions are shown by a box and lines, respectively.



*3duanbas Suipuig-uoned JusjeAlp

aaneInd ‘sulsspun uaxolq {(1/SXN) ans uonejAsodA|S payuil-usy [enusiod qop ‘urewop auriquiawsue) aaneind
BUIlSBPUN DLV UONENIUI 3Y) JO SNPISSI duISOUape 1Sl 3yl yim BuluuiSaq palsquinu ate YN 9y} JO Sanpisal

3pRoapPnN “uudaiur go asnow Jo uoifas Suipod ay) Jo aouanbas pide oulwe padnpap pue IPROBPNN

1201 « L 0
¥910VLOVDIYD 1GIE

80T I T4 3 L 3 S48 S ¥ HIY ¥YDdDEYY I & TV 4 1L
J0¥91320VYYIVOVIYOVIL0009YIIDYIVYILYIVOLIIOYYIYINOVIVY LIOVYILYLOL10309100L0Y 3L0€E

€66 ¥4 V 4 ¥ 44 9 ) % A1 1111191717199 9 4
3903J9Y909¥VILL0LL0990819YVOOL 01101 93031V I1YaLI9999L09.L 38199119991 09L99919 T00€

896 V A T A T A T3 1 3V d1T133A1T3¢8Sa01a4rsd
3305181109195110919139YLLYDYL099300L IOV I0YI0LO0LIOVIVILIVIL IYIVOOLOLOLILL 9262

86 M L L ¥ IR NI L 4TSI YTITI VY KD 0A Y
9DLY VIOV OVVIVYOVDDLYOYYILYIOVLOD0LYIOVIOVYOYOLIOL1OLIDIYLI)9DLI90LYIYIDAOY 1662

816 A ¥ 0 4 ¢ %X Q3 1 4 1S & A TV ¥ AL A 11
JL0VOVOVOLLLOYOYYYOVIOYIOVDLLIYOLLO0Y20VOYYDDL0LD00IYIDYYYDLOOOVILOLYVOOVLILY 9LLZ

£68 $1 dd 143233 7THKHAHEY ¥ 95 H S I L 1AL 3
J¥YD2L3YIVIYIIL133232900VI9.L093L9L0L10933091800991¥Ya0108100VOLIBL10L1IVOYD 10L2

898 S X V ¥ ¥ ¥V VVYTUIAJdddS SO QI 93 a1y ¥y
L219¥¥)09VVVYYVII8109L00VIaYIVIL010093000L LIVIYI IVIYI9999Y0ILYIILIVY 2993093 9292

€8 4 4 8 4 S TdLlA9dTSTITHNTJIdNATNDS
umuuwuu<u<uuuuhuhu<uu<u<u5w<uuhuuu<wHUHukupu<hhuu<«WHUHuuu<<u~uhhuu<<<wuhua 1662

818 4 D 0 4 M § 9 S H 11131 diA71TTHIYIIINIA
D030Y303L03009L001L99LVYOBY.LYIOLY 0VILYOVOOIYIII0VLOLI0109919YYIOLYYOIVLLD 9Lb2

€6, 3 A d M3 THTATL 9 TY VY THAHOHAIS AD
YYDLYLO009910Va9010109Y 10119910V IV ID95L1030Y 395130991 YDYD00L0Y I009YDLOOYIOLL 102

89, T X ¥ 174 S 9 A Q I VY L I HY VY IS HALDDI I 4
YYOLYLVYYIL332019vVI091aLYoaYI009.LaVYVYOLY 001005V 1099 LYSLOY OYO09L99LL10LL 9262

€%, S B T A H NHTS TS VDY TLIAUCADTITITANA
JOYOVIDLLO90LIVILYYOLYY LIJOVILID013090YIILIIIYIVLIYD9109YIOLLLIVELIDLIVIONDD 1622

8L D 1T HN C®HSSISTOTTALdTAOYLHETLAD
OYOOLLOVYIVOOYIIYILIYOILOIVIDLOLIOVILLILLOVLIOVIIDLI3YO80Y0aVIYI9LLO0YYLIOS09 9LT2

€68 1 A 3 4 YV I 17173 RHEIDNYYJIIdND>TTITOITI! L
OLVOL9DYDLLLI3011YILD0.109VILYDOVIY 2OVYODIYYVILLIIIVYYIOVLIOVOLOLOLIDLIYIDY 1012

899 3 n NYD®DO31l DS ddASS$STTTV Sdai1Tlili1
SYDOYYLYY LOOYYOD0100YDS0LILDO009381000L0ILDLIV LIOLI00900LY209 L9D¥OYLDIIVILD 9202

€9 1T Y 3 BY 0393V ¥DDS SIS HIANI ST ITY
ueh<uuu<oh<uouuH<u<<ouuwhuwuwu<<uuu<ou<uuu<ukh<<uu«uﬁup<«ua<uo<uppkpkoku<<< 1661

813 ¥ 1 ¢ ¥ S ADd14$1T4d8 10T s T4V Vvusn?d1
DVYLIVIVOYOYIOVIVLIOYIIL099VIOVYLIOLIIOY 30LI9YISVILILOLIZLLINOY J9YII9LYIVIOLD 9L8T

€65 N S 0 3 X N 0T 4 9 23 ¥ 0 4 HA T L HNIHVYDIY
u<<uu<u<uuuyu<<u<<u<o<uououuuhu<u<<<u<uuahu<uu~gu<uhu<u<up<«o<uuH<Huuu<u<uu 1081

89 B N T A d AV QETSY¥TH91TY¥T4H8EaAQdHYETTITS
DYJIVYIL00LIY20IY10091¥a9La1D19900L L0980L9YYIL00901YILIIDLYI90012L DY LLIL 92LT

e X u HY 1l A1 438 7% 0Y8%ARTCHTTTITIDBE
OVLOYY9LY 00011V 21001V 00L003L VYV LY DI0ILLDLYVIYDDLYOLIDLOYLLDYDDLIIYIYOYIDDL 1691

81§

1414

89%

947

3287

£6¢

89¢

1443

gie

€62

892

1474

812

€61

891

811

€8

89

€Y

81

‘T 8y

HLddHSJddIHIASSDHS $V 4414 ddHd
1YOVOVIYOVI09LYI0L0LL0 L0000V IOLLOLBLOLYILOYIIOYI0I300LLLYO D0 LO0OYIIIVIIIND 45T
$ 04 avV3TLAYTLI @ ¥4 5N dNOVYVSD
¥920¥D99Y J¥DLIDOVOOLIV OYIYLLIDDLI20YOLY IV YD000Y IV LOVY IV YDDILIIIOVOVIOVY 1081
LAY 3§21 3 A0 A0S 1V LIJTVY4do1TaAayvY dyy
OV1209LLLI01OLI0YDOLI9YILIOLOLI0LIIVLODYOYLOLLLIO000L)00YD0LLID LOLIOYIIDOVIID 2hy
ATLUEHTINLALdETY ¥TTATLIHGOCS TS S A
91991100¥99¥1¥00L00LVLYYOLYOLL30990000908L39120100LY ¥ 30¥ 9 010109V I0IVLY TGET
110 d 2 THITTATHYSTS A9 dLvVv1ad
¥120130¥OY200YLLLO0VYYYOLYDDLOLYDOLYOVYIaDI0YaLI02LIvLI09ILLIIVIIILLIAVIY 9L2T
1797343 9HIIdddbdY¥1199s88sSHLALI1R
910¥990L0¥YVYOYHILYIILYYLYOVI0YI000Y D90V IL02L009990503LI0VIBYIVIIYLILYIVL 1021
A Y9

19 3 4dVY 94V 10 F 87Ty N T a91 8§
OLBYYY00991L0999Y9LLIYI3300YDO19LDS0LYIV SOV LLYIOLYOIYOOYYOLYOYILDDILYIDY 9211
Yy 1§19 3VS¥Sd9HTTTSddadds v
099YLYI3101Y0991L1009L3109009¥3003990¥DLL09.L0010301100VYOLYOLIIILLIDLY0DD 1501
Y3 8 W 4 A KA AY DO AT T Y¥Y I I A AAY O AT
9299v20YY 9LYILL3LOLYL019009190990YLODVDIYOYYYDIOVYAOLLOYLIY LD 0DLIDLE0DLIOLD 9L6
TTO KN DTN RTOY 1TY 1 ¥VYSad4ivaabdlo
9133V99Y299L0991YOLYYOYYOLOIYOYI92L3309LLY 010V 299 L LLIYILI90999109YI03YI9D 106
¥ 7T AD Y EDTTO9 5 S IV YT TId AV O RKHDIH
9YY9L00199YI9YYO0VIYIILIOYOYDD L0V LOVOVY 9YYDL00LLOLLILOL 30090 LVIYOVYIOVD 928
¥4V 91l AaAal 1 1 0L dHTIVYNSADALILED
99IY1002919990Y0L0LL0LOYILYOLYIVIRIYI0 LYY L0 LY I000YYIDOYLIDVIOLIDIVIVIOD 16L
1 AT N9D23S 9 d41%1s LIS 10 HTCYEDIH
LIVIVILIOOVYYOOVYOOYDOYOYOLO0900Y OV LOOVIVLIYYOLOLY.LLIVODOLOYDOYYDIIOYOLIVOLY 9L
A S N9 Y ANXY O dY D IR ALNDLEIOODS L
JYL3OYOYYVaavYYYI0LIYYIYLI09199L003000900LLIYLYI000Y VY OYIIaY3 LLII0I8309Y00Y 109
315 3H9LDbHTXCL NS NIKINHLILDOGNTC
2999109Y23945LY20900VOVISLLIYLOVOLIYIYYIOVOVYIOLDLYOVOIYYIYIOVIYIVOYIDILOVD 92§
0§ 9da1Td1T0TN2% A LYY AHRHYELLITO
L1¥90999300¥90109Y YL 30YOLYYOB0 L0091 0LY LI LOYYID99199 1Y I929920VIIVOYYOVLI00D 15h
S AT A YL IEHYIATAGYEI VY IOIDSV ALA
1319919109199¥YI0VIVLDOILYI000 101019913010V OY.LO9YID10I2099YI0DVIIIILOLIVELD 9LE
97T A KO3 1THHOCIEAES ¥IS I TLHYI IO
¥9911099L0LY LYOOYDLLYLLYOVOLYIOYDL000YDLOYYYYOVOYILLLYOYDDLVIDOYYOLOLIVOIVD T0E
Y BY L11d27ThAVY DLW L 20609 A Y T 0 ¥
9YYIVI03990Y0100231019100V10L0L00199L0YE000YY 0V LYLOYOLYSL990181093000¥808) 922
d Y9 VvV 111442043 Ld 8 HTYASKID I
0201299993299101130130Y13909Y VYOV 29V 0LOVIVIO9ILYI0L00203L090L0VL0990LLILD 16T
$ 9 d N AV I X AANTLELOTHIY LY AEOD
29Y 1990000819900V I0YYDLI9109103L LYDI30Y VD LI0YYILLID90L103921099209920L 9L
Y Y AWHTY TY d1T1TH49dVY §d4s¥832d93d3sH
1992991991511 0299191 393500L381099100810352995233391939009.L0330992000999LY |




Takeuchi et al.

374
Remster FRUDTRFLVVEEAYNPGSLFGYSYALRRQTERQQRYLLLAGAPRDLSVADGYTRRTGAVY WL TALKDOCKRMD I SEKSDPORR I 1 EDMNLGYTVASQGPAGRYL HRYTQYLYSGMEDQRRMYG]
SEEEEEEIEBEEREREERTEReitasst it satatat tadstt ¥ ¢ SERRERRESRARSE LORRRRRIBERERERHREREEERARERERERRELEEEERRAIEE S000E E3123313
Mouse  PNLDTRILVVEEAVRPGSUFGTSYALHRQTERQQRYLLLAGAPRDLAVGDDYTNRTGAVYULPLTAHKDDCRRMD | SEKSDPDHHE 1 RDMWLGYTVASQGPAGRYLYCRHRYTKYLYSGLEDQRRMVG
SEELRELEILEE TEEELISELEELLALLLILLARELAILLS £28 # SRLSILEPLEUEETREEEERRAN £ & 08 SELRIPERIRPLERTREERERREIRREIRE SA00E SRe83408
fumsn  FPRLOTRFLYVKEAGNPGSLICTSYALKRQTERQQRYLLLAGAPRELAVPDGYTNRTGAYYLOPLTAHKDDCERMN I TYKNDPGHH T 1 EDMNLGVTYASQGPAGRVLVERHRYTQYLYSGSBDQRRMVG
Reaster YRGNDLQLDPGDDWQTTHR SNTDYLAT LGTSGOETQNTYYFGAPGAYNYKGNSYMIQRKDYDLSRYSYKGSEDQGNLY IGYTVQVGSAVLHPT-Y I TVVAGAPRHQHMGAYFLLSQESGGDLK
Yy Y ey natatas 8322322322 3322322228222 22222222223223 228223288 282 N iRttt sesiizitin Rttt amitississiiziniiisti]
Movee  VRGNDLQLDPGDDYQTTHNEMNSNTDYLQT LOTSGOFTQNTYYFGAPGAYNWKGNSYMIQRKDNDESEYSYRGSERQGRLY IGYTVQYGNATLHPTDI I TYVTGAPRRQHMGAVE LLKQESGEDLE
$EE482 88 SSETLRCLROPREREIRS SSIRMILIEIESESIIILELILILIRLILIRELS SERERSEE & BREREROAL L A3EE 43 BREPEEL 4RAREL £ fidt
Russp  VRGNDLELDSSDD¥QTYHN SNTDYLET LOTSGGPTQNTYYEGAPGAYNYKGNS TMIQRKEWDLSEYSYKDPEDQGNLY 1GYTMQVGSE I LHPKN-1TIVTGAPRHRHMOAVFLLSQEAGGDLR
Aamster RRQVLEGTQVGATPGSATALADLNNDGYQDLLYGAPYYFERKEEYGGAYYVIMNQAGTSFPDQPSLLLEGPSRSAFGISIASIGDINQDGRQDIAVGAPYEGLGKVY 1 YHSSSGGLLRQPQQIVHODRLGL
SE48E SHEEERLE0E SESRLERLRRREISLAIPLIREILENRELIRRERRERRES EXPLEAPAREREILIRENERRETERRRERSEROTOtetsttetstisttaststiotttesstes & iy
Mouge  HRQVLKGTQVGATFGSXIALADUNNDGY¥QDLLYGAPYYPERKERVGGAVYYFMNQAGASFPDQPSLLLRGPSRSAFGI STASIGDINQDGFQDIAYGAPFEGLGKVYIYHSSSGGLLRQPQQI THGEKLGL
S A8t t S8 2808 SRLLENLEAERERSNIRRSLLRERREREE ASRUBNBE S4E CERREREE SA0E & PRREERELURERERREEEVRERRESELEELE SORHEEEE LOELEL4E
Aumsn  RRQVLEGSQVGATPGSATALADLNNDGYQDLLVGAPYYPERKEEVGGAI YVPMNQAGT SFPAHPSLLLHGPSOSAFGLSVASIGDINQDGFQDIAVGAPPEGLGKVY I YHSSSKGLLRAPQQY IHGEKLGL
Hamster POLSTPGTSLSGRMDYDDNSYFDLLYGSLSDHIVLLRARPVINILQRTLYARPAVLDPSIENPTINQYELF AYNQSAGNPSYRRNITLAYTLEADRDRRPFRLRFARSQSAVFHGFLSMPETHERTLEL
$48 ISEE2R8R88E & SCRESREIIILLLELLIEILRLE SRERESRRIEEL S SORIERABMERRENEREE EREILREPEEERLERELRERERRERINE SERLS SERALIPRLIILS
Mouse  PGLATFGTSLSGRMDYDENLYPDLLVGSUSDHIVLLRARPYINTLHRTLVARPAVLDPALCTATSOVQVELFAYRQSAGNPNYRRNITLAYTLEADRDRRPPRLRPARSQSSYFHGRFSMPETRCRTLEL
FEEE4E3E004S SESLE SELLSULERLERILLRLLALRELE £ £48 SEERRABEIMRESENSERERRRIEEE IRt Rt ettt etasdsttaestetstt & & Seseetetes tt
Rumsn  FGLATFGYSLSGQMDYDENFYPDLLYGSLSDHIVLLRARPYINIYHKTLYPRPAYLDPALOTATINQYRLLF AYNQSAGNPRYRRR I TLAYTLEADRDRRPPRLRFAGSESAYFHGF F SMPEI KLEL
Heaster LUMDNYRDKLRPIVIAMNTSLPLRMPDRLKLGMRSLDAYPYLNQAQALENHTEVRFQKEIL PDRKIDSNLQMRAAFYSEQLQPLSRLQYSRDTKKLFLSINVTINTPSRERAGEDANRALLTLEVPPALLLS
SEEELERRLLSROSEEREREERERTEEREEY FROASERSERPESE SOCORUNCEEMRERPNMEERRRERst SRRTROREIRERERRtanstReRtnts 40 SRROLERBROLELSEE SO44E
Moree  LIMDNVRDRLRFIVIAMNYSLPLRMPORLELGLRSLDAYPYLNQAQAMRNHT EVHPQKE PONKID SHLQMRAAFLSEQLAPLSRLQYSRDOTKKLFLS IKVTNSTSSQRAGEDAHEALLTLEVYPSALLLS
SHELE SELEEES & SERERLIELL BEREILEEL BEELES SNREEL SIEMUBELENN SRRIREL AEE & SREBELLEE 08 STERL4D 2 % PRSLRRtSRl ot t4edt
Rusan  LLMDRLBDELRPITTSMRTSLPLAMPDRPRLGLRSLDAYPILNQAQALENHTEYQFQKEXGPDNKIESNLQMRAAFY SEQRQKLSRLQYSROVRKLLLS INVINTRT SERSGEDAHEALLTLYVPPALLLS
Rawster SYRPSGTIRA-RETTIFELGRPFRRNQRMELLIAPEVIGYTLHTRDLRAQLQLSTSSHQDNLQPMTL TLQVDYTLRASLSIMTHRLQSPRGOTVMGRAGMKTYRDYGSPLKYEFQYSPYODGLAALGTLYL
S ELERENY PP EMEOER Rt R Rt Rttt ettt SRR RRARERER & EALERTURRLAL FARRELRERPLERE S81 SERERCRRCRCILEATLESREIIOLUNSE
Mage  SY-FPSGTNRARRET LR LCNPPKRNQRMELLIAPEYIGYTLHTRDLPYLLQLSTSSHQDHLQPYLLTLQVDYTLQASLSIMNHRLQSFPGOTVMGRAAMKTARDYGSPLKYRFQVSPVEDOLAALGTLYL
48 8 ARt 130t BRUSISITLELELLEEEEEREERIEttats ¢ SHREERR00t £ 40 $RH008 148 SRRRLLLRLRREIEE 444 SPLLELLRAL4E £ & 8 2Ed0d
Rumsn  SYRPFGACRA-NETIFCELGNPFRKRNQRMELLIAPEVIGYTLHTRDLAVQLQLSTSSHQDNLYPMILTLLYDYTLQTSLSMVNHRLQSF PGGTVMGE SGMKTYBDVGSPLKY BFQVGPMGRGLVGLOTLVL
Rezster CLEWPYEVINGKWLLYPTZIIIHSNES PPGRLYNPLNLTLSDPGDKPHSPQRRRRQLDPGGDQGSPPYTLAAAKKAKSETYLTIHSGR LEPIPDTSNYINYTVKARVYNSTRIEDYRDFDR
SELEEPLIRELEELRELSE SOLE SH0MEE SRELRIEEL S4403 & SREERRERLEREIRL ERIONRBENILILELIULNY SEINRALS $REEE BRESBEARRILLIRRNLL Sed
Mouse  GLEWPYEVTNGRWLLYPTEITIHSNGSYIYRQPSGNLYNPLNLTLSDPGVTPLSPQRRRRQLDPGGDQSSPPYTLAAAKKAKSRTVLIISNGR LRPLPDTSNITNVIVKARYWRSTFIEDYKDPDR
SEEESLES SEELRBEERESE & SAEHI 2 4 & SHREERALREE & SEREEIRELREEE ¢ SEESPLESELERAEEITEN S0t RIS tt 1122223222222 2L s mEET]
Rowsn  GLEYPTEVSRGRYLLTPTEITVHGHGS PFGDLINPLRLTLSDPGDRPSSPQRRRRQLDPGGCQGPPPYTLAAAKKAKSBTVLTIGATOR LRGP IPDAFYYTNYTVKARYWNSTRTEDYRDFDR
Rewster YRYDCYATLPLRTSIPTINMENKTTYRSYDIDSELYRELPARTELRLYLYAVSAGLLLLGL]T I LLYKOGFFKRARTRALY EAKRQKAZMRSQPSETERLTDDY
SERELESRRARRLERILEBRRSREaRtReRtetanta ittt attintnd SAAEEEREE SECLESRORERRREIRRRIERRRRRRREILESLELLINYE
Monse  VRVDGWATLPLRTSIPTIRMENKTT¥FSYDIDSELVEELPAETELNLVLVAVGAGLLLLGLITLLL PEKRARTRALYEAKRQKAEMKSQPSETERLTDDY
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Fig. 3. Comparison of mouse VLA-3 « subunit with hamster Takada et al., 1991] VLA-3 « subunits. The amino acid homol-

and human VIA-3 o subunits. The amino acid sequence of
mouse VLA-3 a subunit is compared with the whole sequence
of hamster [Tsuji et al., 1990] and human [Tsuji et al., 1991;

sis of mRNA from SV-T2 cells [Tsuji et al.,
1991}

The deduced sequence contains 1,053 amino
acid residues. Thirty-two residues (Met-1-Ala-
32) at the amino terminus were considered to

ogy is indicated by #. All 19 Cys residues of mouse, hamster, or
human occupy identical positions, which are identical by boxes.

represent a signal sequence at the amino termi-
nus. The sequence had 13 potential N-giycosyla-
tion sites (Asn-X-Ser/Thr, where X was not Pro)
(Figs. 2, 4). A hydrophobic region consisting of a
stretch of 28 amino acid residues was located
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Fig. 4. Hydropathy profile and schematic representation of
mouse VLA-3 a subunit. The hydropathy plot (upper panel) was
derived from the predicted amino acid sequence of mouse
VLA-3 « subunit by the program of Kyte and Doolittle [1982]
with a window size of seven. The schematic representation of

near the C-terminus. This hydrophobic amino
acid-cluster was likely to be a transmembrane
domain. Since all 13 potential carbohydrate at-
tachment sites were exclusively located on the
N-terminal side of this putative transmembrane
domain, the N-terminal 961 amino acid segment
was probably located an extracellular domain
and a short C-terminal 32 amino acid segment
was probably a cytoplasmic domain. At approxi-
mately one third of the distance from the N-
terminus, three homologous sequence motifs
with the consensus sequence of D-D/N-D/NG-D
were found. This sequence was known to be
present in a variety of Ca?* and Mg?* binding
proteins [Hynes, 1992]. This sequence also had
a putative cleavage site, which might generate a
heavy chain and a light chain. These structural
characteristics of mouse o3 integrin were simi-
lar to hamster and human counterparts. There-
fore, we concluded that the amino acid sequence
of a3 integrin was highly conserved in the three
species.

Distribution of o3 Integrin mRNA Among
Murine Organs

The distribution of a3 integrin mRNA among
various murine organs was examined by North-
ern blot hybridization using a mouse a3 integrin
c¢DNA probe. As shown in Figure 5, hybridiza-
tion at the position corresponding to that of a3
chain mRNA was seen. Higher intensity of a3
integrin ¢cDNA binding was detected to total
RNA from thymus than that from kidney, stom-
ach, spleen, liver, brain, or lung. The same blot-
ted membrane was tested for hybridization of a
¢DNA probe for B-actin. Very similar levels of
B-actin signals were detected in these seven

Meta! Binding Sequence

Cleavage site ™

mouse VIA-3 a subunit structure (lower panel) includes the
positions of Cys residues (@), potential N-linked glycosylation
sites (V), the putative transmembrane (TM), the possible cleav-
age site (broken line), and putative divalent cation-binding sites
(stippled boxes).

lanes (data not shown). An additional compo-
nent, which was smaller in size than the major
component, was identified in thymus RNA.

DISCUSSION

We cloned cDNA for a3 integrin from a cDNA
library derived from SV-40 transformed murine
fibroblasts. The structure of murine a3 integrin
deduced from nucleotide sequence of cDNA was
similar to hamster and human counterparts,
i.e., the number of amino acid residues (1,053
for mouse and 1,052 for hamster and human),
the presence of a putative transmembrane do-
main near the C-terminus, a large extracellular
domain with potential N-glycosylation sites and
a short cytoplasmic domain, the presence of
three tandem repeats of metal binding sequence
motif, and a putative cleavage site to form a
heavy and a light chains, which were thought to
be specifically found in integrins a3, o5, a6, and
olIB [Hemler, 1990]. The over all nucleotide and
amino acid sequence was highly conserved
among three species (hamster, human, and
mouse).

The Northern blotting analysis revealed that
thymus contained a higher level of the a3 tran-
script than other organs tested in this study.
The mRNA expression was also detected in kid-
ney and lung at lower levels, but that in other
organs such as stomach, spleen, liver, and brain
was undetectable. Fradet et al. [1984] investi-
gated the localization of a3 integrin (mAb J143
epitope) by the immunofluorescence technique
and found that its distribution in normal tissues
in humans was restricted to kidney, thyroid,
urothelium, skin, and esophagus. They did not
detected the binding of this mAbD to the sections
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of thymus. However, our Northern analysis
showed that mRNA for a3 integrin in thymus
was more abundant than in kidney in mice. The
apparent contradiction might be due to the dif-
ferent methods used in these experiments. Alter-
natively, this molecule in these organs may be
localized in a very specific location. The presence
of a3 integrin mRNA in a large quantity in
thymus suggested a possible function of this
integrin in the immune system. It should also be
noted that Giunta et al. [1991] have suggested
that VLA-3 was involved in thymocyte-thymic
epithelial cell interactions. Fradet et al. [1984]
also pointed out that a3 integrin was strongly
expressed on a variety of cultured tumor cells,
though its distribution in normal tissues was
restricted.

We previously reported that a cell surface
glycoprotein (galactoprotein b3) showing en-
hanced expression upon oncogenic transforma-
tion of human, murine, and hamster fibroblasts
by SV-40 or polyoma virus was identified as a3
integrin through e¢DNA cloning [Tsuji et al.,
1990, 1991]. Recently Natali et al. [1993] inves-
tigated the integrin expression in cutaneous ma-
lignant melanoma. They demonstrated that,
while only low levels of «3B1 integrin were de-
tectable in benign lesions, this integrin was
highly expressed in primary tumors and the
levels correlated with the degree of dermal inva-
siveness. They also found that high levels of a3
integrin were expressed in metastatic lesions.
Thus, the tumor progression in malignant mela-
noma seemed to be associated with changes in
integrin phenotypes including 31 integrin.

Based on the inhibition experiments of cell
adhesion by a3 subunit-specific monoclonal anti-
bodies (mAbs), «3B1 integrin was claimed to
function as a promiscuous adhesion receptor for
multiple ECM proteins, e.g., fibronectin, lami-
nin, collagen type I and IV, epiligrin, and entac-
tin [Elices et al., 1991; Wayner and Carter,
1987; Carter et al., 1991; Dedhar et al., 1992]. In
addition, it was recently shown that a3p1 inte-
grin was involved in the intercellular adhesion
of keratinocytes mediated by its interaction with
a2B1 integrin [Symington et al., 1993], al-
though their conclusions -have been the subject
of dispute. Other experiments also showed that
a3Bl integrin interacted homotypically with
other a3B1 molecule [Sriramarao et al., 1993].
Recently, Weitzman et al. [1993) and Takeuchi
et al. [1994] demonstrated that anti-a3 integrin
monoclonal antibodies induced homotypic cell

aggregation of a3 integrin-expressing cells in a
cation-independent manner. In our observation,
a3B1 integrin molecules were found to be local-
ized at the cell contact sites on these cells, sug-
gesting direct involvement of this molecule in
the adhesion. Furthermore, a3 integrin-express-
ing cells treated with the antibodies also ad-
hered to a3 integrin-nonexpressing cells. These
results suggested additional roles of «3p1 inte-
grin in intercellular adhesion events, besides its
interaction with a basement membrane compo-
nent called epiligrin [Carter et al., 1991] or
kalinin [Rousselle and Aumailley, 1994]. Thus,
the nature of counter ligands for VLLA-3 integrin
remains to be addressed. The ¢cDNA clones for
mouse o3 integrin would be a useful tool to
elucidate the function of VLA-3 in tumor cells
and normal tissues.
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