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Abstract: The leukocyte integrins play a critical role in
a number of cellular adhesive interactions during the im-
mune response. We describe here the isolation and char-
acterization of the chicken 32 (CD18) subunit, common
to the leukocyte integrin family. The deduced 748-amino-
acid sequence reveals a transmembrane protein with 65%
and 64% identity with its human and murine homo-
logues, respectively. The chicken 32 can associate on the
cell surface with the human o subunit of LFA-1 and yields
a hybrid molecule capable of binding to purified ICAM-1
and ICAM-3. J. Leukoc. Biol. 55: 501-506; 1994.
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INTRODUCTION

A variety of important cell adhesion interactions within the
immune system are mediated by the leukocyte integrins [1,
2]. These structurally related adhesion proteins, LFA-l,
Mac-1 and p150,95, are composed of unique o subunits
noncovalently associated with a common 8 subunit (CD18)
[3-6]. LFA-1 (CD11a/CD18) is expressed on all leukocytes
and is involved in lymphocyte adherence to vascular endo-
thelium, cytotoxic T lymphocyte and natural killing, antibody-
dependent cytotoxicity mediated by granulocytes and mono-
cytes, and helper T and B lymphocyte responses [7-9]. This
range of functions demonstrated by LFA-1 is determined by
the binding of its three counterreceptors, ICAM-1, -2, and
-3. ICAM-1 (CD54) is expressed at low levels on resting
lymphocytes, macrophages, endothelial and epithelial cells,
and keratinocytes, but shows highly inducible expression in
response to cytokines and other inflammatory mediators [10,
11]. ICAM-2 is constitutively expressed at a low level on lym-
phocytes and monocytes and at a high level on vascular
endothelium [12]. Unlike ICAM-1 and -2, ICAM-3 is ex-
pressed only on leukocytes [13].

The (2 subunit appears to play an important role in the
_ function of all three leukocyte integrins, because monoclonal
antibodies directed against this subunit significantly inhibit
leukocyte integrin-mediated functions [5, 6, 9, 14]. This is
amply demonstrated in the leukocyte adhesion deficiency
(LAD) syndrome, in which there is loss of expression of the
B2 subunit arising from heterogeneous mutations [15, 16].
Thus far, 82 integrins have been characterized only in mam-
mals. Therefore, we have examined whether the structure
and function of the 32 integrin subunit are conserved in an
evolutionarily distant species. We have cloned an avian 32
integrin cDNA and determined its nucleotide and deduced
amino acid sequence. The chicken 82 can associate at the
cell surface with the human LFA-1 o subunit and maintain
binding to the human ICAM molecules.

MATERIALS AND METHODS

Isolation and characterization of an avian CD18 cDNA

A chicken spleen ¢cDNA library in Agtil (Clontech, Palo
Alto, CA) was screened by cross-hybridization with both
human [17] and murine [18] CD18 cDNAs using standard
methods [19]. Two EcoRI-Xbal fragments (964, 1812 bp) en-
compassing the human CD18 cDNA and three similar frag-
ments (668, 986, and 1174 bp) encoding the murine cDNA
were labeled with [e-32P]dCTP using a random primer
DNA labeling system (Gibco BRL, Gaithersburg, MD) and
hybridized with the library filters in 50% deionized forma-
mide, 5x SSC, 5x Denhardt’s solution, 0.1% SDS, 10 mM
sodium phosphate buffer, pH 7.0, 1 mM EDTA, 50 pg/ml
sheared herring sperm DNA at 37°C. Filters were washed at
low stringency in 1x SSC, 0.1% SDS, 10 mM sodium phos-
phate buffer, pH 7.0, 1 mM EDTA, first at room tempera-
ture and then at 37°C. Hybridizing phage were plaque-
purified twice and the phage inserts then subcloned into the
E¢oR1I site of the plasmid pBluescript (Stratagene, La Jolla,
CA). Three clones, A4, E4, and S1, were analyzed by restric-
tion enzyme mapping and partial sequencing.

The complete nucleotide sequence of clones A4 and E4
was determined by the dideoxy chain termination method
with Sequenase, a modified T7 DNA polymerase (United
States Biochemical, Cleveland, OH). Both DNA strands
were sequenced using pBluescript T3 and T7 primers and
synthetic oligonucleotide primers complementary to the
chicken 32 sequence. Alignment of nucleotide sequences was
performed using the Best fit and Pileup programs from GCG
[20].

Cell lines and monoclonal antibodies

The SV40-transformed African green monkey kidney fibro-
blastoid cell line COS [21] was used for transfection.

The following monoclonal antibodies (mAbs) were used in
this study: TS1/22 (anti-CDlla, immunoglobulin G1) [22],
RR1/1 (anti-ICAM-1, IgG1) [10], CBR-IC3/1 (anti-ICAM-3,
IgGl) [13], CBR-IC3/2 (anti-ICAM-3, IgG2a) [23], X63
(nonbinding antibody from the myeloma P3X63Ag8, IgG1),
CBRM1/23 (anti-Mac-1, IgG2a) [24], and CBRp150/2El
(anti-p150,95) [25].

Abbreviations: FCS, fetal calf serum; IgG1, immunoglobulin G1; LAD,
leukocyte adhesion deficiency; mAb, monoclonal antibody; PBS, phosphate-
buffered saline; SDS, sodium dodecyl sulfate; SSC, standard saline citrate.
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COS cell transfection and adhesion assays

A cDNA clone containing the entire coding region of the
chicken B2 was created by splicing the 1.42-kb Smal-4paLl
fragment from clone A4 and the 1.93-kb Smal-ApaLl frag-
ment, obtained by partial 4paLl digestion, of clone S1. The

Smal sites of both clones are derived from the vector .

pBluescript polylinker. Addition of BstXI linkers allowed the
spliced product to be subcloned into the transient expression
vector Ap'MS8, an ampicillin-resistant derivative of CDM8,
provided by Lloyd Klickstein (The Center for Blood Re-
search, Boston, MA). COS cells were transfected with
Ap'M8 constructs expressing the leukocyte integrin B2 and
o subunits using the DEAE-dextran method [26]. COS
transfectants were suspended using trypsin-EDTA and
reseeded 1 day prior to assay [27].

Purified ICAM-1 and ICAM-3 used in the adhesion assays
were isolated from human spleen cell lysates by immuno-
affinity chromatography [23, 28]. Immunoaffinity-purified
proteins, appropriately diluted in 10 mM Tris, pH 8.0,
150 mM NaCl, 2 mM MgCl, (TSM) were adsorbed onto a
96-well plate (Linbro-Titertek, Flow Laboratories, McLean,
VA) for 1.5 h at room temperature (or overnight at 4°C).
Nonspecific binding sites were blocked for 60 min at room
temperature with TSM, 1% BSA and three washes with 5%
fetal calf serum (FCS), L15 medium (assay buffer). The spe-
cificity of receptor-ligand interactions was determined by
pretreatment of wells with blocking and nonblocking mAb
for 30 min at 4°C. The mAbs RR1/1 [10] and CBR-IC3/1
[13] plus CBR-IC3/2 [23] were used to block specifically
ICAM-1 and ICAM-3 binding, respectively. Supernatant
from the myeloma X63 was used as a nonblocking control.

Adhesion assays in 96-well plates were performed as de-
scribed previously [29]. Briefly, COS cell transfectants were
harvested in 10 mM EDTA, phosphate-buffered saline
(PBS); washed with 5% FCS, L15 medium; and then labeled
with 6.25 pg/ml 2',7'-bis-(2-carboxyethyl)-5(and -6) carboxy-
fluorescein (BCECF; Molecular Probes, Eugene, OR) for
30 min at 37°C with gentle agitation. Cells were washed
twice with 5% FCS, L15 medium and finally resuspended to
4 x 105 cells/ml. Labeled cells (2 x 10%) were added to each
well and incubated at 37°C for 60 min. Unbound cells were
then removed by several washes with assay buffer and aspira-
tion using a 21-gauge needle. Fluorescence of the total input
cells and of the cells bound after the assay was measured by
a Pandex fluorimeter (IDEXX Corp., Westbrook, ME).

Flow cytometry

COS cell transfectants were harvested in 10 mM EDTA, PBS
and washed with 5% FCS, L15 medium. Indirect immuno-
fluorescence flow cytometry was performed as described pre-
viously [28].

RESULTS AND DISCUSSION

Identification and characterization of chicken 32 cDNA
clones

A chicken spleen library constructed in Agtll was screened
by cross-hybridization with human and murine B2 cDNA
probes. Three of the positive clones, A4, E4, and S1, were
analyzed in detail (Fig. 1A). Clones A4 and E4 were se-
quenced (Fig. 1B). The ATG codon at position 100 is the first
initiation codon after an in-frame stop codon and was chosen
as the beginning of the open reading frame. The composite
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Fig. 1. Restriction map and sequence of chicken CDI8 clones. (A) Restric-
tion map of the CD18 clones (P, Poull; E, EcoRV; A, ApaLl). The open read-
ing frame is indicated by a thick line and the untranslated regions by a thin
line. (B) (See next page) The nucleotide sequence and deduced amino acid
sequence of the chicken 32 integrin cDNA. The signal sequence, transmem-
brane region, and a potential polyadenylation site are underlined. Potential
N-linked glycosylation sites are boxed. Sequence data are available from
EMBL/GenBank/DDBJ under accession number X71786.

sequence of clones A4 and E4 contains an open reading
frame of 2319 bp, a 5'-untranslated region of 99 bp, and a
3'-untranslated region of 923 bp.

The amino acid sequence deduced from the cDNA (Fig.
1B) reveals a transmembrane protein that consists of a
24-amino-acid hydrophobic signal sequence, a 678-amino-
acid extracellular domain, a 23-amino-acid transmembrane
domain, and a 47-amino-acid cytoplasmic domain. Six con-
sensus sites for N-linked glycosylation (Asn-X-Ser/Thr) are
present in the extracellular domain.

Amino acid sequence comparison between the chicken
CDI18 and its human and murine homologues shows 65%
and 64% identity, respectively (Fig. 2), whereas the human
and murine sequences show 82% amino acid identity. The
area of highest sequence identity is found in the region previ-
ously found to be conserved between 81, 82, and 83 in-
tegrins, between amino acids 104 and 349 (numbering ac-
cording to chicken 32 sequence, Fig. 2). Within this region,
blocks of 24 of 27, 28 of 30, and 53 of 58 amino acid identity
exist. The high degree of conservation of this region between
chicken and human (2, 80% amino acid identity, suggests
an important role for this segment of the protein that has
been highly conserved.

The cytoplasmic domain of integrin 8 subunits has been
shown to be important for transducing signals that regulate
the adhesiveness of the extracellular domain [1, 2, 7, 30-32].
Two regions of striking sequence identity, 712-723 and
731-748, are found in the cytoplasmic domain. Within these
two regions, six amino acids are also found to be highly con-
served in the 81, 83, 85, 86, and 37 subunits and have been
implicated in the localization of integrins to focal contacts
[30]. The second region, from amino acid 731 to 748, con-
tains two sets of residues that are required for human LFA-1
binding to ICAM-1. Deletional and mutational analyses of
the human ($2 subunit have revealed the importance of a
cluster of three contiguous threonines and a phenylalanine
residue that are necessary for ICAM-1 binding [31, 32]. The
three threonines (740-742) and surrounding residues and
the single phenylalanine (748) are completely conserved in
the chicken B2 sequence (Fig. 2). Throughout the mature
protein, all the cysteine residues, within the cysteine-rich do-
main and outside, are completely conserved with respect to
the human and murine sequences.
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TGCTGCCTCTGGCTGCCAGCAATGACCTGGGTGCTGTTGCTACTGACAACAGCCTTTGCTGCAGAGT GTCCCAAGATCAAGGTGGGGACATGCAAGAACTGCATCCAGTCA
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GGCCCTGGCTGCGCCTGGTGCAAGAAGCTGAGTTTCACCAAAGCTGGTGAGCCAGACTCCAACCGCTGTGACACCATAGAACAGCTGCAGCAGAGGGGATGCCCAGAGAAT
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GGAGGACAACTGCTTAGAGCCCTGGAGAGCACCACACCCTCTCGCCGCATAGGTTTTGGTTCCTTTGTGGACAAGACTGTACTGCCTTTTGTCAACACACATCCTGAGAAG
G 6GQLLRALESTTPSRRIGFGSFVDKTVLPFVNTHPEHK

CTGAAGAACCCTTGCCCCAACAAGGACAGTAATTGCCAGCCTCCCTTCGCCTTCAAGCACATCCTCTCACTGACTGACAATGCCGAGAAGTTTGAGAGTGAAGTGGGGAAG
LKNPCPNKDSNCQPPFAFIKHILSLTDNAETIKTFESEUVGK

CAGTTCATCTCAGGGAACCTGGATGCCCCAGAAGGGCTGGATGCCATGATGCAGGCGGCAGTGTGTGGAGACTTGATT GGCTGGCGCAATGTGACCCGATTGCTGGTGTAT
QFISGNLGDAPEGLDAMMQAAVYCGDLTIGWRMNVTIIRLLVY

GCAACTGATGATGGCTTCCACTTCGCTGGTGATGGCAAGCTCGGGGGCATTTTGACCCCCAATGATGGCCAGTGCCACTTGGAGGACAACATGTACAAAAAGAGCAATGAG
ATDODGTFHTFAGDGI KTLGGTITLTPNDGQOCHTLETDNMYZKTI KSNE

TTTGACTATCCTTCTGTTGGCCAGCTGGTCCAGAAACTTGCTGAAAACAACATTCAGCCCATTTTTGCTGTCACCAGCAAGATGGTGGATGTTTACAAAAAACTCAGTGAT
FDYPSVGQLVQKLAENNIQPIFAVTSKMVDVYZKSE KTLSD

ATGATCCCAAAGTCAGCAGTAGGGGAGTTGAACGAGGACTCCAGCAACATCATTGAACT CATCCAGGTGGCCTACAATAACCTCTCTTCACGGATCATCCTGGACCACTCC
MIPIKSAVGETLNTETDSSNTITIELTIQVAYNNTLGSYSRITILDHS

ACCCTGCCAGATGTCCTGGATGTCAAATATGACTCCATCTGCAATAACAACACAGGAGCCAAGAATGAAGCAAGAGGGCAATGCGACAATGTTAAGATCAATGATGAGGTC
TLPDVLDVEKYDSTIG CNNNTGAKNEARGQCDNYIKTINDEV

ACCTTCAAAGTGAAGGTCACAGCAAATGAGTGCATCAAAAGCCAGT CCTTCACCATCCGGCCCCTGGGCTTCACAGACACGCTCACTGTGCACCTGGACAGCATCTGTGAC
TFKVKVTANET CIKSQSF FTIRPLGFTDTLTVHLDSTIC CD

TGTGACTGCAGAGAGCAGCCTGATCCAACTGCCTGCAGTGGAAATGGCAAGGTCGTCTGTGGGATCTGCAGTTGCAATTTGAGCTACACGGGGAAGAACTGTGAGTGTGAC
CDCREQPDPTACSGNGK KUYV CGTIOCSC[NLS]YTGKNCECD

ACCAAAGGCAAGACCAGCAAAGAGCTGGAGGGCAGCTGCCGGAAGGACAACAGCTCAGTCATCTGCTCAGGGCTGGGGGACTGCGTGTGTGGGCAGTGCGTCTGCCACACC
TKGKTSIKTETLTEGSC CRKD[NSSIVICSGLGDO CVCGQCVCHT

AGTGACGTACCTGGCAAGGAGATCTATGGCACCTTCTGCGACTGTGACAACATGAACTGCGAGTTTCACAACGGCT CACTGTGTGGTGGCGAGGAGCGTGGACGATGCGAC
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TGCCCATGCAACCGCTGCCAGTGCCGAGGGGGCTACCAGCCCCCCTTCTGCGAGGAGTGTCCTGGCTGCCCCTCACCCTGTGGCAGGCACATTTCCTGCGTGGAGTGCAAG
CPCNRCQCRGGYQPPFCEECPGUCPSPCGRHISCVETC CK

TCATTCAATAGTGGGCCACTGGCAAAGAACT GCTCTGTGGCCTGCACCAGCATCCAGCTGGCTGATGAGCCACGGGCAGGGAGTCGGCAGT GCAAGGAGAAGGACTCTGAG
S FNSGPLAKNCSIVACTSIQLADETPRAGSRAQCKTETKTDS SE

AACTGCTGGATCTCTTTCTATATGGCCCAGGATGATGGAGAGGAGATGTACACCGTCACTGTTGACCCTAAGAAAGAGT GCCCAGAGCCTCCCAACATCGCGCTGATCGTA
NCWISTFYMAQDODGETEMYTVTVDPIKKET CPEPPNIALTIV

GGCAGCACCATTGCCGGTGTGGCTCTCATTGGCCTGCTGCTCCTGCTGACCTGGCGGCTCTTGACAGAGATCTTTGACCGCCGAGAATACCGCAGGTTTGAGAAGGAGAAA
G STIAGVALTIGLLTLLLTWRLLTETIFDRREYRRTFTETKTEHK

TCCAAGGCCAAGTGGAACGAAGCTGATAATCCTCTGTTCAAGAGTGCCACCACCACCGTCATGAATCCCAGATTTGATGGGCAATGAACTGGAGTGATGCCTGAAGCACTA
S KAKWNEADNPLTFIKSATTTVMNPREFDGAOQ®*

GGACCCACCACTAAATAAGGAAACACCAAACAAGGAAATCTCAGGCTCCCACCTCTTCTTCTTTATTGTGTTGTTTTTAACCCTTCTTCCAAGAGACCACCAGTAGCCAGG
TGCTGGCTGAGGGGCTGCACAGTACCTATCCTCTCTCCCAGAGCCATCTGGTTGCACTGTAGGAGGAGGGAACAGCAGTGCCATGGACGGGGCTGCAGAGCAGATCTTACC
AACAGGCACTCACCCCAGCTCCAGTTTCCATCTGTCCTAGCTCCTGGTGCTAACTTTACTTTGTGGCAGGACCTTCAGACACCAAGTCCCATAGGGACTTAGCACAGAAAG
TGCTCTCAATGAGGAGTTCAAAACTGCTATTTCCCTTCTGCTCCAGCAGGCTCCACTCCTAGGCTGCTCCATGCCCTGCTGCACTGCTCTGCACAGTTACACTTGCAGCTC
ATTTCTAAACTACTCACTGCTGAGATGGATGGGGAAGGTCTCCTAGGTGGGCTGTCTGCTCCTGTTGCTGTACCTGGAAATGATGGACAGCCAGAAAACAAACAGT GAATC
TTATTTTTAAATCATCAGCTTCTCCCCAGTGTTACTTCCCTCTTAGACCTACCTCAGGCTCCTCCACGTTTCTACCTGGGCTTCCATGAGCTTGGCTTACCTCCACCATGC
AGCCCACTGCATGGCAGAGAAGCAAAGGAGCAGCGGATTGAATTGTGGAACATCAGTATCAGAGGCGCTGAATGTGTGAAACAGTGCTTGCAGCTTTGAGCTCAACCACAG
CTTCTTCTGCCACCTCTAGGACCAGATCTCTTCCCTACTCTGTGAGTCCATCAGACTTGTTGAGGATCAGCCATGCAAAAGACCTAGCATCACAAATAAAATCTCCAGCTC
CGTGCTTTTTCAAAAAAAAAAAAA 3354
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Chicken b2 1 AECPKIKVGT CKNCIQSGPG CAWCKKLSFT KAGEPDSNRC DTIEQLQQRG CPENEIEFPV NEIKRTQDSA FSNKIQLTPQ EVHLKLRIRE PAEFDVKFRR 100
Human b2 Q TF SS RE E TQN GPD I RP LM AADD .MDP TSLAE EDH NGGQK S KTY PGQAANT
Murine b2 Q TY SS RD S Q N GP L RA LLK ADD .MDP RS ANPEFDQ RGQRK S KTY PGQAANT

Conserved domain
r.C. f «a «a s€ «b

101 ATGYPIDIYY LMDLSYSMLD DLENVKKLGG QLLRALESTT PSRRIGFGSF VDKTVLPFVN THPEKLKNPC PNKDSNCQPP FAFKHILSLT DNAEKFESEV 200

K L R D NEI EG D R EKE RV K NSNQQT
K L N D Q NEI EG R EKA RVK  SNQQT
N P R L T
s
201 GKQFISGNLD APE.GLDAMM QAAVCGDLIG WRNVTRLLVY ATDDGFHFAG DGKLGGILTP NDGQCHLEDN MYKKSNEFDY PSVGQLVQKL AENNIQPIFA 300
L G V A PEE F A R L R AH
L G I VAPEE F A R R AH SS

Conserved domain
d |

*
301 VTSKMVDVYK KLSDMIPKSA VGELNEDSSN ITELIQVAYN NLSSRIILDH STLPDVLDVK YDSICNNNTG AKNEARGQCD NVKINDEVTF KVKVTANECI 400
R KT E TEI S VWH KN K VF N TKT FSGWTHQ D GQ VPI Q T
K KTE TEI SD WQ KN YK VF TKT F S GAS SIGKS D GQ NP Q MS
S
ys-rich region
401 KSQSFTIRAL GFTDTLTVHL DSICDCDCRE QP.DPTACSG NGKVVCGICS CNLSYTGKNC ECOTKGKTSK ELEGSCRKDN SSVICSGLGD CVCGQCVCHT 500
Q Vv IV QVLPQER D SRRSLH KFLE R DTG I QQRSQ NI L
Q V V QVRPQEQ D SREQSL G K VME R ESGI QQRSQ RN v I
+«b
501 SDVPGKEIYG TFCDCDNMNC EFHNGSLCGG EERGRCDCGE CKCTPKYEGS ACQCKKSTDG CRNQRQNECS LRGSCPCNRC QCRGGYQPPF CEECPGCPSP 600

L Qr E TI RY Q PG LF K RHGF ERTE L PRY G RR V EH LL
N F QPE V RY SQV SD SN K SKGY QR T LALV G HQ IDE PM D SGH
Cys-rich region = ¢ —>TM

601 C.GRHISCVE CKSFNSGPLA KNCSVACTSI QLADEPRAGS RQCKEKDSEN CWISFYMAQD DGEEMYTVTV DPKKECPEPP NIALIVGSTI AGVALIGLLL 700

.KY A LKEK FG A PGL SNN .VKG T R G VAYTLEQ MDR LIY ESR VAG A GV IV I
RONT A LK DK FE QAGMTQTI .LKKKP R G TYTLQ KRNI NIH 'EDSL VKG VA GVV V V
QT
701 LLTWRLLTEI FDRREYRRFE KEKSKAKWNE ADNPLFKSAT TTVMNPRFDG Q 751
VI KAIHL S L LSQ N. K AE S
VIKA HLTL LSQ N. K AE S

Fig. 2. Comparison of the chicken, human, and murine integrin 2 subunit amino acid sequences. The mature amino acid sequence of the chicken 82
subunit is shown and only residues that differ in the human and murine sequences are indicated. Gaps in the sequence are indicated with a period. Align-
ment of the sequences was performed using the Pileup program from GCG [20]. Boundaries of the conserved domain, cysteine-rich domain, transmem-
brane (TM) region, and cytoplasmic (CYT) domain are indicated. The amino acid residues that when substituted in LAD appear to impair -8 subunit
association are marked above with an asterisk and below with the substitution in italics. References for mutations are a [33]; b [34]; c [35]; d [36]; € [37];

£ [38].

Expression of chicken 82 with leukocyte integrin o
subunits

Transient expression in the fibroblastoid COS cell line was
used to determine the efficiency of interspecies hybrid forma-
tion between the chicken 32 subunit and the human oL
subunit of LFA-1. Expression of the interspecies heterodimer
was monitored using mAbs against the human aL subunit,
which requires the 32 subunit for cell surface expression
[28]. The o subunit of human LFA-1 was expressed equiva-
lently on COS cells transfected with the human or chicken
32 subunit but was poorly expressed when transfected alone
(Fig. 3). Thus the sequences required for association be-
tween 82 and the LFA-1 o subunit have been conserved be-
tween avian and mammalian ($2.

Analysis of leukocyte adhesion deficiency (LAD) patients
has revealed amino acid substitutions that result in impaired
a-B subunit association (asterisks, Fig. 2), highlighting the
importance of these residues in heterodimer formation
[33-38]. Seven of these substitutions are located in the con-
served domain. All but one are conserved in the chicken $2
sequence. The single exception, a human K-to-T substitu-
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tion that is S175 in the chicken sequence, is only weakly im-
paired in ability to associate with the LFA-1 o subunit, be-
cause the mutant allele is expressed 60% as well as the wild

type [34].

Binding of hybrid chicken/human LFA-1 to ICAM-1 and -3

To study the role of the LFA-1 82 subunit in binding of the
ICAM molecules, COS cells were cotransfected with the
chicken 82 cDNA and the human oL cDNA and then tested
for binding to purified human ICAM-1 and ICAM-3 coated
on 96-well plates. Both wild-type human LFA-1 and hybrid
chicken-human LFA-1 were expressed equivalently on trans-
fected COS cells, as determined by flow cytometry (Fig. 3).
The hybrid LFA-1 molecules were as active as wild-type
LFA-1 in binding to ICAM-1 and ICAM-3 (Fig. 4). Anti-
bodies to ICAM-1 and ICAM-3, as appropriate, reduced
binding to background levels, showing that the binding in-
teractions were specific (Fig. 4). The human LFA-1 o chain
transfected alone in COS cells showed no binding to
ICAM-1 or -3.



Concluding remarks

The isolation and characterization of the chicken 82 subunit
described here reveal that this molecule has been highly con-
served in structure and function. The chicken $2 subunit
efficiently associates with the human LFA-1 « subunit and
thus demonstrates that sequences required for subunit as-
sociation have been conserved. In addition, hybrid chicken
B2-human aL heterodimers are functionally active when
tested for binding to ICAM-1 and ICAM-3, showing that the
chicken B2 subunit can support these ligand binding interac-
tions. Previous studies have shown that human LFA-1 o com-
plexed with murine 32, but not murine LFA-1 o complexed
with human 2, binds to human ICAM-1 [39]. The present
study shows that although the chicken and human ($2 sub-
units are twice as divergent (35% amino acid difference) as
the human and mouse 32 subunits (18% difference), residues
required for subunit association and ligand binding are
either identical or conservatively substituted. The regions on
LFA-1 involved in binding the ICAM molecules have not yet
been determined. Several of the highly conserved regions in
the extracellular domain of 82 may contribute. Further work
by us (C.AG. Bilsland, M. Diamond, and T.A. Springer,
manuscript in preparation) has shown that the chicken §2
subunit can also efficiently associate with the @M subunit of
the leukocyte integrins Mac-1 and the aX subunit of
p150,95.

The overall sequence identity between the chicken cyto-
plasmic domain and the human (69%) and murine (71%)
sequences is considerably lower than the 96% identity be-
tween the same human and murine sequences. Nevertheless,
particular residues shown to be important by mutational
analysis [32] are completely conserved, adding further sup-
port to the mutational studies.
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Fig. 3. Flow cytometry analysis of COS cells expressing human and human-
chicken hybrid LFA-1. COS cells were cotransfected with the human «
subunit of LFA-1 (HaL) plus either the human 82 subunit (HB2) or the
chicken 82 subunit (ChB2) or with the HaL subunit alone. Transfectants
were immunostained with an anti-LFA-1 & subunit mAb (TS1/22) and sub-
jected to immunofluorescence flow cytometry.
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Fig. 4. Adhesion of COS cells expressing either human LFA-1 (H32+HaL)
or chicken-human hybrid LFA-1 (Ch82+HaL) to ICAM-1 and -3. Trans-
fected cells were allowed to bind to ICAM-1 or ICAM-3 coated on microtiter
wells for 60 min at 37°C and were then washed several times by aspiration.
Binding was blocked by the anti-ICAM-1 mAb RR1/1 or by the combina-
tion of the anti-ICAM-3 mAbs CBR-IC3/1 and CBR-IC3/2. COS cells
transfected with the LFA-1 « chain alone (HaL) were used as a control. The
data shown are for one representative experiment of three, with the mean
of duplicate wells and standard deviation indicated.

Several other chicken integrin subunits have been cloned:
(1 [40], a6 [41], a8 [42], and av [43]. Comparison of these
subunits with their human homologues reveals that they
have been highly conserved in evolution: 81 (85% amino
acid identity), a6 (73%), and av (83%). The level of conser-
vation of these subunits is thus higher than that seen between
the chicken $2 subunit and its human (65%) and murine
(64%) counterparts.

We have isolated and sequenced an avian leukocyte (32
integrin cDNA and shown that it is highly homologous to its
human and murine counterparts. Regions of potential func-
tional importance, particularly in the cytoplasmic domain,
have been defined on the basis of sequence conservation. The
chicken 82 molecule can associate on the cell surface with the
a subunit of the leukocyte integrin LFA-1 and the hybrid
molecule is functionally competent in ligand binding.
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