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A novel lymphocyte-specific immunoglobulin superfamily pro-

tein (19A) has been cloned. The predicted 335-amino-acid

sequence of 19A represents a Type 1 membrane protein with

homology with the CD2 family of receptors. A molecular

model of the two predicted extracellular immunoglobulin-like

domains of 19A has been generated using the crystal structure

of CD2 as a template. In isolated lymphocytes, expression of 19A

INTRODUCTION

The CD2 family of immunoglobulin superfamily receptors

includes a number of surface molecules that are involved in

lymphocyte signalling and adhesion (reviewed in [1]). Examples

of these include CD2 itself, CD48, CD58, 2B4, CD84}LY9 and

the signalling lymphocyte activation molecule (SLAM). Recently,

individual members of this family have been shown to play

important roles in the regulation of the immune response. The

SLAM receptor, for example, has been shown to regulate both

T- and B-lymphocyte adhesion and is an important co-stimu-

latory receptor in the adaptive immune response [2,3]. CD2

family members have also been implicated in the regulation of

natural killer (NK)-cell function [1]. Antibodies to the mouse

2B4 molecule can induce NK-cell lysis, granule release and

interferon-γ production [4]. The ligand for 2B4 is CD48 [5,6],

another CD2 family member, and, indeed, it is a feature of this

immunoglobulin superfamily subset that their counter-receptors

are often members of the same family or else they can bind

homotypically, as has been reported for the SLAM molecule [2].

The importance of SLAM and 2B4 in NK and T-cell regulation

and interaction is highlighted by the finding that mutations in the

SLAM and 2B4-associated signalling adapter molecule (‘SAP’)

are implicated as a causative factor in X-linked lympho-

proliferative disease (‘XLP’) [7–9].

A feature shared by a number of regulators of lymphocyte

function is that they are encoded by genes that are induced as

‘delayed’ early response genes (ERG) following stimulation

through mitogenic}activation signalling pathways (reviewed

in [10]). We have previously reported on the isolation and

characterization of a panel of cDNA sequences represent-

Abbreviations used: SLAM, signalling lymphocyte activation molecule ; NK, natural killer ; ERG, early response gene; EGFP, enhanced green
fluorescent protein ; FCS, fetal-calf serum; PHA, phytohaemagglutinin ; B-CLL, B-cell chronic lymphocytic leukaemia; SCR, structurally conserved
region; TNFα, tumour necrosis factor-α.
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is induced by various activation stimuli, and enforced expression

of the 19A gene promotes homotypic cell adhesion in a B-cell-line

model. Collectively these data imply that the 19A protein plays a

role in regulation of lymphocyte adhesion.

Key words: B-lymphocyte, cell activation, cell-surface receptor,

CD2 family, early response gene.

ing ‘anonymous’ genes from primary human (monoclonal) B-

lymphocytes stimulated with PMA [11]. Several of these have

subsequently been found to play important roles in the functions

of lymphocytes and also in cells of other lineages [10,12]. In the

present paper we describe the characteristics of one of these

‘anonymous’ cDNA clones, termed ‘19A’. The predicted amino

acid sequence of the 19A protein represents a novel surface-

receptor-like molecule with homology with the CD2 family of

cell-surface proteins. Enforced expression of the 19A gene

promotes homotypic cell adhesion, implying that the 19A re-

ceptor, like many other members of the CD2 family, may play an

important role in lymphocyte adhesion functions.

EXPERIMENTAL

Materials

PMA and phytohaemagglutinin (PHA) were purchased from

Sigma Chemical Company (Poole, Dorset, U.K.). Human recom-

binant tumour necrosis factor-α (TNFα) was purchased from

R & D Systems (Abingdon, Oxford, U.K.). F(ab«)
#

goat anti-µ

antibodywas purchased from Cappel (Cochranville, PA, U.S.A.).

Anti-(human CD3) and anti-(human CD20) monoclonal anti-

bodies were purchased from Becton Dickinson (Cowley, Oxford,

U.K.). The G28-5 anti-(human CD40)-producing hybridoma

was obtained from the American Tissue Culture Collection

(Manassas, VA, U.S.A.). RPMI 1640, foetal-calf serum (FCS)

and penicillin}streptomycin were all obtained from Life Tech-

nologies (Paisley, Renfrewshire, Scotland, U.K.). A monoclonal

antibody to a 19A-specific peptide (PLKSKVKQVDSI) was

obtained from Eurogentec (Seraing, Belgium). The peptide

epitope was identified from a corresponding region in CD2,
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previously shown to be recognized by a blocking anti-CD2

antibody [13].

Cloning and DNA sequencing of ERG 19A

The original 1.0 kb 19A cDNA was cloned and isolated as

described previously from a cDNA library of B-cell chronic-

lymphocytic-leukaemia (B-CLL) cells stimulated with PMA for

3 h [11]. Using the 19A cDNA as a probe, a longer cDNA of

approx. 2.8 kb was isolated from a human peripheral-blood

leucocyte cDNA library. DNA sequencing was carried out by the

Molecular Biology Service Unit of King’s College London.

Cell isolation and culture

Mononuclear-cell preparations were obtained from B-CLL

patients with peripheral blood lymphocyte counts of less than

60¬10*}litre. For isolation of peripheral-blood T-lymphocytes,

buffy coats were obtained from the National Blood Service

North London Centre, Colindale, London, U.K. Freshly excised

tonsils were gently teased to release cells. Mononuclear cells

were isolated by density-gradient centrifugation. B-cells and

T-cells were purified with aminoethylthiouronium bromide-

treated sheep red blood cells, followed by density-gradient

centrifugation. All cell cultures (tonsillar B-lymphocytes,

peripheral-blood T-lymphocytes and B-CLL cells) were purified

to " 95% purity as judged by CD20 and CD3 staining and

flow cytometry (results not shown). Cells were incubated in

RPMI 1640 with 10% FCS, 2 mM glutamine and 100 µg}ml

penicillin}streptomycin at 37 °C in a humidified incubator (5%

CO
#

in air) for 16 h. Cells were then washed once and re-

suspended at 1¬10' viable cells}ml in tissue-culture flasks

before addition of different agents.

Cell transfection and adhesion assay

The Daudi human B-cell line was transfected with 19A cDNA

in the pcDNA3 mammalian expression vector. Cells were co-

transfected with an enhanced green fluorescent protein (EGFP)

containing plasmid. All transfections were carried out using an

electroporator (Invitrogen, Carlsbad, CA, U.S.A.) at 250 V,

250 µF and infinite resistance. At 24 h after transfection, dead

cells were removed from cultures by density-gradient centri-

fugation. In some experiments, anti-19A monoclonal antibody

or an irrelevant antibody control was added to transfected cells

after density-gradient centrifugation. After 48 h, cell adhesion

was scored by counting adherent cells in the cultures using a

fluorescent microscope (Leitz Dialux 20; Leica, Milton Keynes,

U.K.). Clusters of two or more adherent cells were scored as

positive and the percentages of adherent fluorescent and adherent

non-fluorescent cells were scored in each of the cultures.

RNA hybridization analysis

Human B- and T-lymphocytes and B-CLL cells were harvested

at various times after the addition of different agents as indicated

in the text. Total RNA was isolated from cells by lysis in RNAzol

solution (Biogenesis, Poole, Dorset, U.K.) and purified accord-

ing to the manufacturer’s instructions. For B-CLL cells, 1.5 µg

of RNA was dot-blotted on to nylon filter membrane (NEN

Dupont, Boston, MA, U.S.A.) using a dot-blotting manifold

(Schleicher und Schu$ ll, Dassel, Germany) as described previously

[11]. Alternatively, 2 µg RNA samples were electrophoresed

through 1%-agarose gels in 0.8 M formaldehyde, and Northern

blots were prepared as described previously [11]. Blots were hy-

bridized with $#P-labelled 19A cDNA probes and washed as

described previously [11]. In order to study the expression of

19A in different human cells and tissues, a ClonTech Human

Multiple Tissue Array was hybridized to the $#P-labelled 19A

cDNA probe according to the manufacturer’s instructions. The

19A cDNA probe was a 1 kb fragment in pUC9 [11].

Molecular modelling of 19A

The 19A sequence was analysed using the PSI-BLAST sequence

analysis program at the National Center for Biotechnology

Information website (http:}}www.ncbi.nlm.nih.gov} ; see also

[14]). For sequences showing only low similarity to proteins

of known structure, fold-recognition algorithms can usefully

provide confirmation of the structural fold, and suggest the most

likely candidates among the crystal structure database for use as

model templates. These include the algorithm 3-D PSSM [15] and

THREADER [16], and both were used to determine the likely

structural fold of 19A. Three-dimensional models of 19A were

constructed using the molecular modelling programs INSIGHTII

and HOMOLOGY (Molecular Simulations, Inc., Cambridge,

U.K.) on a Silicon Graphics Indy workstation (Silicon Graphics

Ltd., Reading, U.K.).

The 19A sequence was aligned with the sequence of template

proteins according to the information provided by SCOP and

BLAST and the fold-recognition programs. The extent of struc-

turally conserved regions (SCRs) were carefully examined. Minor

realignments were made to ensure correct positioning of con-

served residues, paying particular attention to the disulphide-

forming cysteine, and core hydrophobic, residues. Co-ordinates

for the SCR of 19A were assigned directly from the template

molecule.

Co-ordinates for external loop regions of 19A, which were not

homologous with the template molecule, were obtained using the

conformational search program GENLOOPS within the IN-

SIGHT program suite. Loops were selected on the basis of

acceptable stereochemical parameters : allowable phi and psi

angles, the alignment of Cα–Cβ bonds at splice points and, in

particular, minimal steric interaction with adjacent loop or SCR

residues. The whole model was then examined for steric overlaps,

and these were relieved by replacing the existing side-chain

rotamer with alternatives from the rotamer library in HOM-

OLOGY. Energy minimization was performed using AMBER.

The structure was assessed using PROCHECK [17].

RESULTS AND DISCUSSION

19A cDNA sequence

The DNA sequence of the 19A-gene open reading frame is shown

in Figure 1. The primary DNA sequence was analysed using the

University of Wisconsin, Genetics Computer group DNA se-

quence analysis suite of programs. 19A is predicted to encode a

type I membrane protein 335 amino acids long with a predicted

22-residue signal sequence, a hydrophobic transmembrane region

of 23 residues and a predicted cytoplasmic region of 87 residues

(Figure 1). There are seven potential N-linked glycosylation sites

located in the predicted extracellular region of 19A. Four tyrosine

residues are present in the predicted cytoplasmic tail of 19A, and

two of these are part of a tyrosine consensus motif found in other

CD2 family members, including SLAM and 2B4 [2,9,18]. The

predicted protein sequence of 19A shares homology with the CD2

family proteins, including CD84 (40%), SLAM (36%), 2B4

(34%) and CD2 itself (35%). Database searches have revealed

that a recently submitted human genomic DNA sequence from

clone RP11-404F10 on chromosome 1q23.1-24.1 (accession

number AL121985) contains a novel LY9-like gene with a DNA
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Figure 1 cDNA sequence of the 19A-gene open reading frame and
predicted protein sequence

The predicted signal peptide and transmembrane region are underlined. The start site and stop

codon are in bold. Also underlined are positions of N-linked glycosylation, and the two tyrosine-

containing consensus motifs in the cytoplasmic tail are double underlined.

Figure 2 Time course of PMA-induced 19A expression in different B-CLL
populations

Total RNA from five different B-CLL populations stimulated with PMA (30 nM) for the times

shown was dot-blotted on to nylon filters and hybridized to 32P-labelled 19A cDNA probe. Cell

populations of " 95% purity were used in these experiments.

sequence virtually identical with that of the 19A gene reported

here. Interestingly, this portion of chromosome 1 also contains

the 5« end of the SLAM gene, together with the CD48 gene

and the 5« end of LY9 itself. This indicates that the 19A

Figure 3 Expression of 19A in different human cells and tissues

A ClonTech Human Multiple Tissue Array was hybridized to 32P-labelled 19A cDNA probe.

Expression of 19A is restricted predominantly to lymphoid tissue. Highest levels were found in

the spleen and lymph nodes and lower levels in peripheral leucocytes, bone marrow, stomach,

small intestine, trachea and appendix.

gene is located on chromosome 1 in close proximity to genes

encoding other members of the CD2 family of membrane

receptors.

19A expression in different cell types

Gene 19A was originally cloned on the basis of its induction by

PMA in primary malignant B-cells from a B-CLL patient [11].

Figure 2 shows the time course of 19A induction in five different

B-CLL populations in response to PMA (30 nM) over a 24 h

period by RNA dot-blot analysis. 19A was expressed at very low

levels in unstimulated resting B-CLL cells, but it was rapidly

# 2002 Biochemical Society



434 J. J. Murphy and others

Figure 4 Northern blot showing 19A expression in different cell types in
response to various stimuli

Total RNA from (a) B-CLL cells and (b) peripheral-blood T-lymphocytes and tonsillar B-

lymphocytes stimulated with different agents for the times shown was isolated from cells.

Different size classes of RNA were separated by formaldehyde/gel electrophoresis, blotted on

to nylon filters and hybridized to 32P-labelled 19A cDNA probe. Cell populations of " 95%

purity were used in these experiments. (a) Lane 1, untreated cells ; lane 2, stimulated with PMA

(30 nM) for 3 h ; lane 3, stimulated with F(ab«)2 anti-µ antibody (12.5 µg/ml) for 3 h ; lane 4,

stimulated with anti-CD40 antibody (G28-5, 1 µg/ml) for 3 h ; lane 5, stimulated with TNFα
(10 ng/ml) for 3 h ; lane 6, stimulated with F(ab«)2 anti-µ and anti-CD40 antibody for 3 h. (b)
Lane 1, untreated T-lymphocytes ; lane 2, stimulated with PHA (2 µg/ml) for 3 h ; lane 3,

stimulated with PHA for 6 h ; lane 4, untreated B-lymphocytes ; lane 5, stimulated with F(ab«)2
anti-µ antibody (12.5 µg/ml) for 3 h ; lane 6, stimulated with F(ab«)2 anti-µ antibody for 6 h.

induced to peak levels within 2–8 h after stimulation. Its level of

expression then decreased by 24 h, but was still notably higher

than basal levels of expression. A dot-blot analysis of 19A

expression in a range of human tissues using a ClonTech Human

Multiple Tissue Array revealed that expression of 19A appears to

be confined largely to lymphoid tissue or tissues where there is a

high lymphocyte content (Figure 3). Highest levels of expression

were seen in the spleen and lymph node, with intermediate levels

in peripheral leucocytes, bone marrow, small intestine, stomach,

appendix and trachea. No detectable signal was evident for

any other tissues (Figure 3). Northern blot analysis of

B-lymphoid cell lines and tumour cells at various stages

of lymphoid development has revealed that expression of 19A is

largely confined to relatively mature lymphocytes ([11,19] and

results not shown).

Figure 5 Structural alignment of the 19A sequence with that of CD2

Regions of sequence alignment that are boxed denote those residues for which co-ordinates for the 19A model have been assigned directly from the crystal structure of CD2 (1HNF). Regions

for which co-ordinates have been determined by conformational search (GENLOOPS) are denoted with stars (o). The inter-domain linker region and manually-built region are indicated. Potential

sites of N-linked glycosylation are indicated with filled circles (E) underneath the sequence.

Multiple signalling pathways can induce 19A expression in mature
B- and T-lymphocytes

We compared induced expression of 19A in purified B-CLL

cells, normal tonsillar B-lymphocytes and peripheral-blood T-

lymphocytes following stimulation of these cells with a number

of different agents (Figure 4). In B-CLL cells, anti-µ antibody

induced a low level of 19A expression, whereas TNFα or anti-

CD40 antibody had little measurable effects on 19A expression

(Figure 4a). Interestingly, the combination of anti-µ and anti-

CD40 antibody added together appeared to induce 19A ex-

pression in a synergistic manner in these cells (Figure 4a). Figure

4(b) compares 19A induction in resting normal human B-

(tonsillar) lymphocytes and peripheral-blood T-lymphocytes.

19A was expressed at low levels in both these cell types, but was

rapidly induced in T-lymphocytes by PHA and in B-lymphocytes

by anti-µ stimulation (within 3–6 h).

Molecular modelling of 19A based on CD2 crystal structure

19A is related to theCD2 family groupof leucocyte differentiation

proteins. Although there are no very closely related crystal

structures revealed by the BLAST search, a PSI BLAST search

indicated CD2 itself (PDB entry 1HNF) as a possible candidate

[E (expectation) value 0.52 for the alignment of CD2 with 19A].

Preliminary examination of the alignment showed conserved

positions of internal disulphide-bridge-forming cysteine, and

core hydrophobic, residues. 3-D PSSM recognized 19A as a

protein likely to have an immunoglobulin-like fold and provided

a list of possible candidates. The CD155 molecule (PDB code:

1DGI) scored highest, with CD2 second (1HNF). However,

examination of the sequence alignments reveal that not only has

CD2 greater overall identity with 19A (21% compared with

10% for CD155), but also there are more instances of motif

conservation in the CD2}19A alignment. The fold recognition

server THREADER also identified CD2 (1HNF) as a template

for modelling 19A.

The sequence of 19A was therefore aligned with CD2 according

to the predictions of PSI-BLAST, 3D-PSSM and THREADER

(Figure 5), and a molecular model of the predicted extracellular

# 2002 Biochemical Society



435A novel lymphocyte activation receptor

Figure 6 Modelled structure of the immunoglobulin-like domains of 19A
receptor protein

The two extracellular immunoglobulin-like domains of 19A are shown in blue (N-terminal

domain) and purple (C-terminal domain), superimposed upon the Cα trace of the template CD2

structure in white (1HNF). The linker region is shown in green, and the seven asparagine

residues that are potential sites for N-linked glycosylation are shown in red. The CD2-binding

domain of CD58, located in relation to CD2 as it is found in the crystal structure of the complex

(1QA9), is shown in yellow.

region of 19A, consisting of two immunoglobulin-like domains,

was generated using the CD2 crystal structure (1HNF) as a

template (Figure 6). There are only five insertions in the sequence

of 19A relative to CD2, and one deletion [of only one residue

(Figure 5)] ; all occur at the surface of the modelled structure and

are readily accommodated. Four of these are short extensions of

existing loops, modelled using a conformational search procedure

(see the Experimental section) ; the conformation of the eight-

residue insertion is the only one that is difficult to model with any

certainty. This was built manually, retaining the adjacent di-

sulphide bridge (to Cys"%&) and accommodating the single-residue

deletion that follows (Figure 5). There is only one short insertion

of four residues in domain 1, confirming that the backbone

conformation is likely to be well-conserved between CD2 and

19A in this domain. The N-terminal domain 1 is thus a member

of the V subset, and domain 2 a member of the C2 subset of

immunoglobulin-like domains, as in CD2. The modelled struc-

ture begins at amino acid-27 downstream of the putative signal

peptide of 19A (amino acids 1–22) and extends to amino acid-

218 of 19A, just seven amino acids short of the predicted

transmembrane region (Figure 1).

In domain 1, Trp&$ at the core of the domain is conserved, and

all residues in the immediate vicinity are either identical with

those of CD2 (Leu*! and Val"!&) or conservatively substituted

(Tyr"#! for Phe in CD2). As in CD2, there is no intra-domain

Figure 7 19A can promote cell adhesion in Daudi human B-cells

An EGFP expression construct was transfected alone or in combination with 19A cDNA, cloned

into the pcDNA3 mammalian expression vector, into Daudi B cells. At 72 h after transfection,

cells were assessed for levels of adhesion. At least 1000 cells were scored for each culture.

Clusters of two or more adherent cells were scored as positive and the percentages of adherent

fluorescent and adherent non-fluorescent cells were scored in each of the cultures. (A) Black

bars represent fluorescent cells in cultures and open bars represent non-fluorescent cells.

Results were analysed by an unpaired one-tailed t-test. A significant increase (P ! 0.001) in

cell adhesion was found in fluorescent 19A transfected cells compared with all other treatments.

The results are expressed as means³S.E.M. for 16 independent experiments. (B) The

adhesion of fluorescent 19A transfected cells compared with fluorescent EGFP-alone-transfected

cells was assessed in the presence or absence of the 19A-specific antibody. Horizontally striped

bars show adhesion levels of fluorescent cells in the absence of antibody. Open bars show

adhesion levels in the presence of an irrelevant antibody [anti-(human IgG1) antibody,

10 µg/ml] and black bars represent adhesion levels of fluorescent cells in the presence of 19A-

specific antibody (50 µg/ml). 19A-specific antibody significantly inhibited adhesion of

fluorescent 19A transfected cells (P ! 0.001). Levels of adhesion in fluorescent EGFP-alone-

transfected cells were significantly lower than in 19A transfected cell cultures (P ! 0.001) and

antibodies had no significant effects on levels of adhesion in EGFP-alone-transfected cell

cultures. The results are expressed as means³S.E.M. for eight independent experiments.

disulphide bridge in domain 1. In domain 2, the two intra-

domain disulphide bonds are conserved (Cys"&"–Cys"*& ; Cys"%&–

Cys#"&), and all residues in the immediate vicinity of the former,

in the core of the domain, are either identical with those of CD2

(Pro"$") or conservatively substituted (Val"$$, Ile"'", Leu")! in

19A, for Ile, Leu and Ile respectively in CD2). The inter-

domain linker region is also identical in length between 19A

and CD2, and shows some conservation (Val-Tyr-Glu-His-Leu

in 19A, cf. Ile-Gln-Glu-Arg-Val in CD2), with striking con-

servation in the immediate flanking region of domain 2 (see

Figure 5). Although there are several differences between CD2

and 19A in residues at the interface between the two domains,

the sequence of 19A can be accommodated without steric clashes.

It is thus possible that the relative disposition of the two domains

is essentially the same as in CD2.

There is one other cysteine residue in domain 2 of 19A, namely

Cys"&#, with no counterpart in CD2; it is predicted to be exposed

on the surface of the domain. Also exposed are all seven of the

potentialN-linked glycosylation sites, two in domain 1 (Asn&' and

Asn*)), and five in domain 2 (Asn"%#, Asn"%), Asn"(#, Asn"('
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and Asn#!%). These are shown in Figure 6; one site (Asn#!%) lies

close to the inter-domain linker region.

In summary, despite the low level of sequence identity between

the two proteins, when the sequence of 19A is modelled on to the

structure of CD2, key core residues, and the disulphide bridges,

are found to be structurally conserved; furthermore, the few

insertions, the single-residue deletion, and all the potential

glycosylation sites, occur at the surface. Thus 19A is not only a

member of the immunoglobulin superfamily, but it is very likely

to have a three-dimensional structure closely similar to that of

CD2.

The crystal structure of the complex between CD2 and

CD58 has been determined (PDB 1QA9, see [20]), and we have

compared this with the modelled structure of 19A (see Figure 6).

The backbone conformation of 19A is expected to be identical

with that of CD2 in all regions that are homologous with the

contact region of CD2 for CD58, since the only insertion in 19A

relative to CD2 in this domain is well away from the interface

(Figure 6). It is thus possible that 19A might interact with its

adhesion partner in the same way, and none of the seven

potential carbohydrate sites would interfere with such an in-

teraction. This conclusion is reinforced by the striking ob-

servation that the principal buried hydrophobic residues under-

lying the contact surface of CD2 are all identical in 19A (Ile&",

Trp&$, Val"!&, Ile"!(). Furthermore, the solvent-exposed residues in

this region of 19A are dominated by hydrophobic residues

(Val&#, Val'", Val(#, Tyr"!%, Tyr"!)), suggestive of a protein–

protein interface. In fact the CD2–CD58 complex displays a

rather unusual binding interface dominated by electrostatic

interactions [20]. This charge complementarity, and relative

paucity of hydrophobic interactions, appears to permit a high

level of specificity within a low-affinity interaction [20,21], an

observation of functional importance for this adhesion pair.

However, only one of the eight charged residues that in CD2

form salt bridges to CD58 is conserved as a charged residue in

19A, which may therefore have a more conventional, hydro-

phobic (and perhaps higher-affinity) binding interface. If 19A

does employ a homologous binding mode, albeit with interactions

of a more hydrophobic nature, this would imply that the binding

partner is also a member of the immunoglobulin superfamily.

19A and CD2 are clearly, if distantly, related by divergent

evolution from a common ancestral molecule, and the topology

of binding to an adhesion partner may also have been conserved.

19A can promote cell adhesion

As a first step in identifying possible functions of the 19A

protein, we co-transfected a pcDNA3 construct of 19A together

with a marker plasmid expressing EGFP into the Daudi Burkitt

lymphoma cell line in order to examine whether enforced

expression of 19A affected the cell-adhesion properties of the

cells. Examination of transfected cultures 72 h after transfection

revealed that a significantly higher proportion of EGFP-positive

cells that were co-transfected with 19A were present in clusters of

two or more cells compared with either EGFP-negative cells in

the same population or with cells transfected with EGFP vector

alone or with mock-transfected cells (Figure 7A). Furthermore,

the enhanced adhesion in 19A transfected cultures was signifi-

cantly inhibited by 19A-specific monoclonal antibody (Figure

7B). These data are consistent with enforced expression of 19A

promoting homotypic cell adhesion. Collectively, our data

suggest that, in common with other lymphocyte-specific CD2

family members that are induced by cell activation signals, the

Received 19 October 2001 ; accepted 21 November 2001

19A protein plays a role in regulation of lymphocyte adhesion

and may therefore be important in lymphocyte signalling and

other functions associated with elaboration of the immune

response.
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