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We recently cloned the newest human integrin 8 subunit, termed 8., from a ¢cDNA library constructed from SEA-activated T lymphocytes, In this
communication, we report on the structure of the human integrin §; protlein complex delermined using a rabbit anti-g, peptide antibody raised
10 an N-terminal 22 amino acid residue sequence deduced from the human 8, subunit cDNA, The S, subunit (M, 116 000) expressed on PHA
Iymphoblasts associates with a single major a subunit (@) that is distinct from the prominent T cell marker, integrin a,. The &, subunit (M, 180 000
nonreduced) displays a distinetive shift in size on reduction (o an upparent M, of 150 G00. We show that these siructural properties of the integrin
B, complex are shared with the cell surfuce antigen HML-1 found highly expressed on T cells which populate the intestinal epithelium and are
proposed to be involved in mucosal immunity. Sequential immunoprecipitation and Western blotting demonstrate identity or close homology
between the &6, and HML-1 proteins.

Integrin: 3, subunit; HML-1; Protein structure

1. INTRODUCTION

T lymphocyte activation in response to immunologic
challenge is accompanied by a rapid transition between
adherent and nonadherent states (reviewed in [1]). This
results from an array of activation-dependent adhesion
mechanisms involving an ensemble of adhesion recep-
tors displayed on resting T lymphocytes. There follows
an increase in surface expression of adhesion molecules
including CD2 (T11), CD44 (Hermes) and the integrins,
lymphocyte function-associated antigen-1 (LFA-1),
very late antigen (VLA)-4, -5, -6, during the subsequent
differentiation process [1]. This change in adhesive
character may account for the preferred localisation of
memory cells to mucosal surfaces and distinct lymphoid
mic¢roenvironments, and may enhance the sensitivity of
memory cells to antigens [1].

We have described the cloning of a novel activation-
dependent integrin £ subunit with a presumed adhesive
function, termed integrin 8,, from both human [2] and
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mouse lymphocytes [3). The deduced N-terminal se-
quence of the mouse 8, subunit was found to be identi-
cal to the N-terminus of the £ subunit of the M290
antigen, a surface molecule found highly expressed on
mouse intestinal intraepithelial lymphocytes (1EL), and
on a majority of T cells in the gut lamina propria [3)].
The M290 antigen which is composed of multiple subu-
nits (100 000-170 000 kDa [4] seems superficially simi-
lar to other 1EL surface differentiation markers identi-
fied in rat (100000-200000 kDa) and humans
(105 000-150 000 kDa) by the RGL-1 [5]} and HML-I
[6] mAbs. The curious constitutive expression of these
markers on 1EL in the small intestine and their de novo
inducibility on peripheral blood T cells following cell
activation has drawn several suggestions for their func-
tions. The M290 antigen is thought to perform an adhe-
sive function which regulates effector cell activity during
IEL defence of the mouse gut mucosa [4]. It was specu-
lated that this antigen might be invelved with [ympho-
cyte homing to epithelial surfaces, but it was considered
more likely that it was induced locally by inflammatory
cytokines when lymphocytes actually reached the gut
[4]. It was postulated that HML-1 positive T lympho-
cytes in the intestinal lamina propria represent a specia-
lised memory T cell subset since they express CD45RO,
but only partially express the memory T cell marker
CD29 [7). HML-] was considered unlikely to represent
a homing receptor since all lymphocyte subsets in gut-
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associated lymphoid tissues use common migratory
pathways, yet only 40% of lamina propria lymphocytes
expressed HML-1, and there was no exclusive restric-
tion in expression between T cell types [7]. Finally,
HML-1 and RGL-1 may define differentiation antigens
expressed on a population of non-B lymphocytes be-
longing to a common-mucosae associated lymphoid
system [6].

The similar structures, cellular distributions, regula-
tory properties and putative functions for the RGL-1,
HML-1, and f§,-related M290 antigens indicate that
these 3 complexes are probably species homologues, but
this has not been formally proven since the various
antibodies reacting with these molecules do not react
across species. Here we report for the first time the
characterisation of the human integrin 8, protein com-
plex expressed on phytohaemaggiutinin (PHA) lympho-
blasts and compare its structure and immunochemistry
with that of the human 1EL antigen, HML-1.

2. MATERIALS AND METHODS
2.1, Syuthetic peptide

The 8, synthetic peptide (amino acid sequence DAKIPSTGDA-
TEWRNPHLSMLGCG) corresponding to N-terminal amino acid
residues 5-26 deduced from the human g, cDNA [2] was kindly syn-
thesized by the Immunex Corp., Seattle. USA, The peptide sequence
was chosen on the basis of ils predicled immunogenicity [8] and be-
cause it forms part of an aminoterminal exiension that is unique 1o
the B, subunit [2]. An anchoring cysteine residue and a glycine spacer
were incorporated at the C-terminus. The peptide was coupled 10
porcine (hyroglobulin using rr-maleimidoenzoyl N-hydroxysucci-
nimide ester (MBS) at a ratio of approximaiely 100 molecules ol
peplide to | molecule of carrier.

2.2, Awihodies

Antiserum was raised in a New Zealand White rabbit by priming
with a mixture of 150 ug of peplide coupled to thyroglobulin und 500
ug of free peptide emulsified in Freund's complete adjuvant, and by
subsequent injections using incomplete Freund's, Antibody was puri-
fied by affinity chromatography on Protein A-Sepharose and coupled
directly 10 Sephuarose CL-4B beads (4 mg antibody per mi beads) by
the method of Kumel et al. [9]. The control anti-human VLA-4 mAb
(B-5G10) {10] wus a kind gift from Dr M. Hemler (Danua-Farber
Cancer Institute, Boston, MA). Mouse anti-human vitronectin recep-
tor (YnR) mAb (13C2)[1 1] was generously provided by Dr M. Horlon
(HMaemopoiesis Research Group, Imperial Cancer Research Fund,
London, UK). Some of the HML-1 mAb used for iimmunoprecipila-
lion was purchased from Immunotech (distributed by Haem Pty Lid.
Vicloria, Australia). Control antibodies were similarly coupled to Se-
pharose CL-4B,

2.3, Prepuration of PHA [ymphoblasts

PBL were isolated lrom fresh heparinized venous blood of healthy
donors by centrifugation on Ficoll-Hypaque density gradienis (Phar-
muacia). Cells were washed in RPMI 1640 10 reduce platelet contami-
nation, and cultured for 3 days in RPMI 1640 medium containing
penicillin (50 U/ml). sirepiomycin (50 ug/ml), 7.5% (v/v) foetal calf
serum (Gibco BRL, New Zealand) and 5 ug/ml PHA at 37°C ina 6%
CO, incubaior.

2.4, Surface iodination and immunoprecipitation

PHA lymphablasts were labelled at the cell surface by lactoperoxi-
dase-calulyzed iodination essentially as described previously [12] and
solubilised for 45 min in 1% (v/v) Nonide! P-40 in 10 mM Tris-HCI

26

FEBS LETTERS

January 1992

bulfer, pH 7.4, 150 mM sodium chloride containing 20 mM iodoucel-
amide, 2 mM phenylmethylsulphonyl fluoride, and 1 mg/ml bovine
serum albumin. Immunoprecipitation was carried oul using antibody-
Sepharose matrices and analyzed by SDS-PAGE on 7.5% slab gels as
described [13]. Labelled proteins were detected by autoradiography at
~70°C using Kodak XAR-5 flm with intensilying screens (Cronex
Lightning Plus). Apparent molecular weights were calculated by refer-
ence to the mobilities of the following proteins: myosin (200 kDa).
B-galactosidase (116 kDu), phosphorylase # (94 kDu) and bovine
serum albumin (67 kDa),

2.5, Inmuenoblonting

Immunoprecipitates were elecirophoresed by SDS-PAGE on 7.5%
slub gels and proleins transferred electrophoretically for 18 h at 30 V
in o Tris-glycine-methanol bulfer [14] to nitrocellulose (Schleicher and
Schuell). Filters were blocked overnight at 4°C with 29 (w/v) bovine
serum albumin (BSA), 1% dried skim-milk powder, 0.05% Tween 20
and 0.02% sodium azide in phosphute buflered suline (PBS). Immuno-
reactive proteins were revealed by incubating the filier overnight at
4°C with anti-8,-peptide rubbit antibody (32 pg/ml) in PBS containing
29z (wrv) BSA and 0.02% sodium azide. Alter wushing 3-times in PBS,
0.05% Tween 20, the filter was incubated for 1 h with a 1:100 dilution
of biotinylated goat anti-rabbit 1gG (Vector Laboratories Inc) and
washed as above, The filter wis finally incubated for 1 h with avidin-
biotinyluted horse~radish peroxiduse conjugate (Vector luboralories)
and alter washing was visualised with chloronaphthel (0.3 gg/ml) and
hydrogen peroxide (0.03%) in 50 1M Tris-HCI, pH 7.6.

3. RESULTS AND DISCUSSION

The anti-B,-peptide rabbit antibody immunoprecipi-
tated from surface-labelled PHA lymphoblasts a pro-
tein complex with characteristics that typify the af het-
erodimeric integrin receptors (Fig. 1). Noncovalently
associated high-molecular-weight components of 180
and 116 kDa, here designated the oy and 3, subunits
respectively, were resolved under nonreducing condi-
tions. In addition, two minor 170 and 150 kDa bands
were consistently seen. When reduced, the ot subunit
shifted to 150 kDa, whereas there was negligible change
in mobility of the £, subunit. The shift of the ¢ty subunit
on reduction is typical of many of the integrin & sub-
units which are composed of disulphide-linked heavy
and light chains [15]. Despite the dramatic shift, no
labelled a light chain was resolved on a higher per-
centage acrylamide gel, suggesting that the light chain
may be primarily intracellular and not labelled (data not
shown). In some experiments the ), subunit exhibited
a minor breakdown product at 95 kDa, and the f,
subunit a product at 80 kIDa (data not shown).

As mentioned above, the mouse integrin £, subunit
shares N-terminal amino acid sequence identity with the
f3 subunit of the M290 1EL antigen, which in turn bears
a gross structural similarity to a human IEL antigen,
termed HML-1. The HML- | antigen was immunopreci-
pitated to directly compare its siructural relationship
with the a,,8, protein complex. The pattern of bands
obtained under both nonreducing and reducing condi-
tions was identical to that observed with the anti-8,-
peptide antibody (Fig. 1). The distinctive pattern of the
nonreduced « subunits displaying the major 180 kDa
band and minor bands at 170 and 150 kDa which may
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Fig. 1. Comparison of the 8, und HML-1 protein complexes by SDS-PAGE analysis. Cell lysutes of '*l-labelled PHA lymphoblasis were

immunoprecipitated with (A) anti-G,-peptide antibody (lune 1); HML-1 mAb (lane 2); normal rabbit immunogiobulin negative control (Iane 3)

anti-VnRa (lune 4); anti-VLAa, (Jane 5); and (B} HML-1 mAb (June 1); anti-f;-peptide untibody (lane 2). Immunoprecipitates were analysed on

7.5% SDS-polyucrylamide gels under reducing (A) and non-reducing (B) conditions. The relevant portion of the nonreducing gel (B) has been shown

to highlight the distinclive patiern of bands shared between the 3, and HML-1 protein complexes. The minor a-related bands are indicated by

asterisks. The band >200 kDa (Fig. 1B, lane 2) was sometimes observed in immunoprecipitates with normal rabbit immunoglobulin (data not
shown), Molecular weights are shown in the left hand margins in kDa.

represent partially reduced forms is evidence that the
HML-1 and f;-associated a chains are very similar or
identical. Completely different profiles of radiolabelled
proleins were precipitated with control antibodies.
Anti-VnRa gave a £, chain at 95 kDu and an a, chain
at 130 kDa. The anti-VLA «, profile was also different
giving the reported 145 () (faint), 130 (8)) and 80 kDa
(a subunit breakdown preduct) buands [10]. In the
mouse VLAa, associates with the alternative §, and 3,
subunits [16,17]. The a6, lymphocyte Peyer’s patch ad-
hesion molecule-1 (LPAM-1) complex is present on the
surface of certain T lymphocytes and has a role in lym-

116 -  dr

phocyte homing to Peyer’s patches located in the termi-
nal ileum of the small intestine [17]. LPAM-1 has so far
been detected on certain high endothelial venule (HEV)-
binding T cell lymohoma lines, mesenteric lymph node
lymphocytes and most normal lymphocytes [16,17].
Since the ‘integrin £,/M290° antigen is constitutively
expressed in the small intestine it is not unreasonable to
conclude that the 8, subunit is §,. PHA lymphoblasts
expressed moderate levels of the VLA a, and f§, subu-
nits, yet no &, subunit bands were detectable in anti-g,-
peptide precipitates, and vice versa the £, subunit band
was not detected in VLA a, precipitates. We conclude

200 -
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Fig. 2. Immunologic relationship of the 4, and HML-1 protein complexes. (A) Sequential immunoprecipitation study. PHA lymphoblasis were
radioiodinated, lysed, and immunoprecipitated 2 successive times with the HML-1 mAb (lanes 1 and 2) and then tested with the anti-f-peptide
antibody (lane 3). The original [ysate was also immunoprecipitated with the anti-§;-peptide antibedy (iane 4). Immunoprecipitates were analysed
on 7.5% SDS-polyacrylamide gels under reducing conditions. The relevant portion of the autoradiogram is illustrated. Variations in the proportions
of the respective & and § subunits recovered as visualised in this experiment were ofien observed. Molecular weights are shown in the left margin
in kDa. {8 Immuncblotting analysis of the HML-1 8 subunit. Immunoprecipitated HML-] (lanes 2 and 3) or VLA a8, (lunes 4 and 5) from
radioiodiniated PHA lymphoblasts were subjected 10 reducing SDS-PAGE and transferred to nitrocellulose. The transferred proieins were probed
with the anti-g,-peptide antibody (lanes 2 and 5) or subjected to autoradiography (Janes 3 and 4). The molecular weights of marker proteins
developed with India ink are shown in the left margin in kDa. Lane 1 is a negative control of the HML-1 mAb preparation probed wilh the
anti-f,-peplide antibody.
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that the 8, and B, subunits are either distinct protein
entities, or that the association of VLA, with £; in
PHA lymphoblasts is very weak and easily disrupted. A
third possibility is that 8, (8,) can associate with either
aHML-1 or a,, but that association with aHML-1 is
preferred because the resulting complex may be inher-
ently more stable.

To further verify that the £, subunit and HML-I
antibodies were precipitating the same antigen. sequern-
tial immunoprecipitation experiments were carried out.
Preclearing the lysate with the HML-1 antibody re-
moved the labelled proteins reactive with the B;-peptide
antibody (Fig. 2).

The experiments described above strongly indicate
that the HML-1 and 8;-associated o chains are structur-
ally related or identical. To explore an immunological
relationship between a; and the HML-1 3 subunit, we
used immunoblotting. The anti-8,-peptide uantibody
reacted with the 116-kDa £ subunit band contained in
an HML-1 immunoprecipitate resolved by SDS-PAGE
(Fig. 3). A sharp band at 100 kDa was also visualized
and may represent an intracellular 8 subunit precursor
form since this bund was not '**I-labelled. Notably,
none of the VLA, bands were visualised with the anli-3;
antibody. Thus, the # subunits comprising HML-1 and
o3, are immunologically related,

In summary., an antibody raised against a peptide
sequence deduced from the human 8, cDNA clone has
facilitaled the identification of the encoded protein
product. Taken together, the immunological and struc-
tural relatedness of the ayf, and HML-1 components
indicates that the respective protein complexes are
probably identical. The observed relationships of both
the mouse M290 and human HML-[ antigens to the
integrin o8, complex is in accord with the suggestion
that the M290 and HML-I IEL antigens are species
homologues. The *HML-1/a, 8, receptor is the only
integrin to be rapidly synthesized de novo on activation
of resting lymphocytes reaching half maximal levels
within 3 days. Thus, this receptor may perform a func-
tional role on antigen-specific peripheral blood lym-
phoeytes which arrive at a site of inflammation within
hours following activation. Now that the M290 and
HML-1 antigens have been shown to be closely similar
or identical to the a3, integrin, it will be possible to
devise specific experiments based on our knowledge of
integrin function to explore the role of these activation
antigens in the gut and their involvement in inflam-
matirn.

NOTE ADDED IN PROOF

After this communication was submitted for publica-
tion, Kilshaw and Muram {i8] reported that in the
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mouse £, was present on most lymph node lymphocytes
in association with a,. rather than «M290. Stimulation
of mouse lymph node T cells with a combination of
anti-CD3 and TGF-8 induced the expression of «M290
which preferentiully associated with the 8, subunit. Che-
lation of divalent cations had little effect on the stability
of aM290 B,, whereas the a3, complex was conipictely
dissociated, suggesting that the former complex may be
thermodynamically more siabie. The results of our own
study which suggests preferential association of aHML-
1 and 3, in human lymphoblasts are in accord with the
above findings. Kilshaw and Murant [18] refer to un-
published work by K. Micklem et al. which independ-
ently confirms our contention that the HML-18 subunit
and f#, are identical. This work provides evidence that
the N-termini of §; and HML-18 are identical.
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