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Abstraet: B7-1 and B7-2 are members of the immunoglobulin
superfamily (IgSF) and important regulators of T cell-mediated
immune responses. Despite sharing only limited sequence iden-
tity, B7-1 and B7-2 bind common receptors, CD28 and CTLA-4,
on T cells and have similar functional properties. We have found
that the extracellular V(ariable)-like domains of B7-1 and B7-2
share significant sequence similarities with 3 major histocom-
patibility complex (MHC)-encoded members of the IgSF:
butyrophilin, myelin/oligodendrocyte glycoprotein, and the
chicken MHC molecule, B-G. This raises the question whether
there is an evolutionary link between the MHC, which encodes
molecules regulating the antigen specificity of T lymphocyte re-
sponses, and B7 molecules, which co-stimulate these responses
in antigen-nonspecific fashion.

Keywords: B7; immunoglobulin superfamily; sequence similar-
ity; structural similarity; T cell-mediated immunity

Binding of CD28 and/or CTLA-4 receptors on T cells to B7
(CD80)-related molecules on antigen-presenting cells triggers a T
cell co-stimulatory pathway required for optimal immune re-
sponses (Linsley & Ledbetter, 1993). Two B7-related molecules
have been cloned from man and mouse: B7-1 (Freeman et al.,
1989, 1991) and B7-2 (Freeman et al., 1993a, 1993b) or B7-0
(Azuma et al., 1993). These molecules are members of the im-
munoglobulin superfamily (IgSF), comprising a V(ariable)-like
and a C(onstant)-like domain in their extracellular regions. B7-
1 and B7-2 share functional properties of binding to CTLA-4
and of co-stimulating T cell responses (see Linsley & Ledbetter,
1993, for review), despite having only ~25% amino acid se-
quence identity in their extracellular domains.

As part of ongoing efforts to elucidate the molecular basis of
interactions between B7-related molecules and their receptors
on T cells, we have analyzed the sequences of B7-related mol-
ecules relative to other members of the IgSF. We show that much
of the sequence identity in the IgSF V-like domains of B7-1 and
B7-2 beyond established IgSF consensus residues is shared with
3 other members of the IgSF, which are related: butyrophilin
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(BT), a component of the bovine milk fat globule membrane
(Jack & Mather, 1990); myelin/oligodendrocyte glycoprotein
(MOG), a component of the myelin sheath (Gardinier et al.,
1992; Pham-Dinh et al., 1993); and the chicken major histocom-
patibility complex (MHC) molecule, B-G (Kaufman & Salo-
monsen, 1992; Steinman, 1993).

IgSF V-like domains were analyzed using the GCG package
(Genetics Computer Corporation, Inc., Madison, Wisconsin,
1993). Two sequence comparison tables (Dayhoff et al., 1979;
Risler et al., 1988) were used and gave similar results. Align-
ments were performed using PILEUP; position-specific se-
quence profiles were calculated using PROFILEMAKE and used
to search the Swiss Protein Database with PROFILESEARCH.
A profile calculated from the V-like domains of B7-1 and B7-2
showed higher sequence similarity with BT than with all other
sequences in the Swiss Protein Database (Z = 6.9; Z scores >5
are considered statistically significant). Another profile was cal-
culated from B7-1, B7-2, and the V-like domain of BT, and
again used for database searching. This profile revealed higher
similarity with MOG (Z = 12.4) than with all other sequences
in the Swiss Protein Database; incorporation of MOG into the
profile then gave highest similarity with B-G (Z = 10.9). A con-
sensus sequence was calculated from these IgSF V-like domains
using PRETTY for sequence identity in at least 4 of 7 sequences.
Residues were assigned to framework 3-strands of an IgSF vari-
able fold by reference to IgSF consensus residues (Williams &
Barclay, 1988). Alignments were adjusted manually to maximize
conservation of IgSF determinants and to avoid gaps in pre-
dicted -strands. These procedures revealed 40 consensus se-
quence residues from these 7 V-like sequences (Fig. 1). The
significance of this consensus sequence was evaluated in 2 ways.
The same procedures were used to calculate a consensus se-
quence from V-like domains of 18 other members of the IgSF,
including murine Ig « chains and VH domains; rat OX2; and hu-
man myelin PO protein, T cell receptor a-chain, CD2, CD4,
CD7, CD8, CD22, CD28, CD33, CD48, CD58, CTLA-4, and
Thy-1. These V-like sequences shared only 8 consensus residues
with the sequences shown in Figure 1 (magenta-shaded residues);
these were the same as previously described consensus residues
of IgSF V-like sequences (Williams & Barclay, 1988). As a sec-
ond test, we conducted a PROFILESEARCH using the consensus
sequence from Figure 1 modified such that the IgSF consensus
residues from the B and F strands were made ambiguous. This
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BT PFDVIGPQEP GED o N VSAKGMELR|/ FREKVSPAVF

Rat MOG QFRVIGPGHP RLGDE . 5 G KNATGMEVG] YRSPFSRVE

B-G QITVVAPSLR VTIGQDVV o & C KDVRNSDIR|/ IQQRSSRLVH

Hu. B7-2 PLEK:-::» 43 QY!‘NET ANEIOQN QSLSELVVF | [*l. DQENLKNSAN

Mu. B7-2 BVER: v« s 6 44 TQYFNGT TKAQN ISLSELVVF/ [.DQQKLENAAY

Mu. B7-1 ° DEQ. .. .. .. LSKSMKDKVL .Hmﬂ EDESEDRIY . [J. KHDKVA@AS
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BT VSRE QEQEG EEMA SLVEEHIAEG SVAVRESEQ ERAK

Rat MOG LYRN[EKDQDA EQAP ELLKESIGEG KVAEHQ NA4R

B-G HYRN[VDL.. GQME ELLRPIGLSDG NLDRREET ARYT

Hu. B7-2 EVYLIJKYdKFD Sj4HSK SF. .plSD. .. SWTEBILHNLQ

Mu. B7-2 EHYL{GTIHAKLD SRYUNAK SF. .pIRN . . . NITLBNQ

Mu. B7-1 VI.A[EKL ... KjYwWP LY. . pJNT. .. TYSMMIBLGLYV

Hu. B7-1 MM . SfejDM . . . NIWP IF. . BIITN.. NLSIVEILALR
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structurally ambiguous p -strand D p -strand E p -strand F
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BT FrRoDENYE . . x K2

Rat MOG FRDHSYQE. . . ANMERAK JME .

B-G QDGDAYA 9 5 VAUNRAE RAYSD IgSF consensus

Hu. B7-2 IHHKKPTGMI RIHQIINSE ViqA

Mu. B7-2 IQKKPPTGSI ILQQTLTE VEiA l not conserved in IgSF

Mu. B7-1 MQKKHRGTYE VKHL I K§;\

Hu. B7-1 MLKYMKDAFK REHLPBIERNT Viga conservative substitutions

Consensus Qjif- - -~ - - - - il > Bl V I | iV 2A with consensus

structurally anblguoua

Fig. 1. Sequence comparison of the extended B7 family. Alignment and consensus sequence of V-like domains of BT, MOG,
B-G, B7-1, and B7-2. Consensus residues in other IgV-like domains are colored magenta; consensus residues not shared in most
IgV-like domains are colored blue; conservative substitutions with the consensus sequence are colored yellow. Tentative assign-

ment of residues to B-strands of an IgSF V domain are indicated,

main (structurally ambiguous). Accession numbers of sequences are

as are positions that could not be assigned to an IgSF V do-

: BT, P188892; rat MOG, M99485; B-G, M61863; hu. (human)

B7-1, M27533; mu. (murine) B7-1, X60958; hu. B7-2, L25259; mu. B7-2, L25606.

was done so as to remove their contribution to the consensus
profile. This search gave higher similarity with the 7 sequences
aligned in Figure 1 than with all other sequences in the Swiss
Protein Database (Z > 6). These findings show that the consensus
sequence shown in Figure 1 extends beyond IgSF characteristics.

The analysis reveals a significant sequence relationship of BT,
MOG, BG, and the B7 molecules despite the absence of high
overall sequence similarity; this is also a characteristic of the B7-
1 and B7-2 homologues. The sequences of BT, MOG, and BG
are more similar to one another than to B7-1 and B7-2 and vice
versa, but the similarity of the extended B7 family, including BT,
MOG, and BG, significantly exceeds the sequence similarities
of these molecules to known IgSF members. This is illustrated
by the fact that the extended B7 family exhibits 40 consensus res-
idues in their V-like extracellular domain, only 8 of which are
known IgSF consensus residues. Sequence conservation within
the extended B7 family was highest in predicted IgSF g-strands
and in regions that were not readily assigned to a V-domain fold
due to the absence of IgSF consensus residues. Regions lacking
IgSF consensus may or may not correspond structurally to the
A, C’, C”, and G IgSF B-strands; we refer to these here as struc-

turally ambiguous. Sequence-structure compatibility calcula-
tions (Lithy et al., 1992) further support the existence of these
structurally ambiguous regions in B7. Diversity between these
sequences was highest in (loop) regions connecting predicted
B-strands. Sequence similarity between B7-1, B7-2, and BT ex-
tended through their C-like domains (MOG and B-G do not con-
tain a C-like domain), but the transmembrane and cytoplasmic
regions of all of these molecules were distinct.

Based on these sequence similarities, we suggest that the V-like
sequences of BT, MOG, B-G, B7-1, and B7-2 characterize a sub-
family within the IgSF. The fact that B7-1 and B7-2 have simi-
lar functional properties but low sequence identity suggests that
these molecules have diverged from a common ancestral Ig
V-like domain. If BT, MOG, and B-G also diverged from the
same ancestral Ig V-like domain, then divergence must have be-
gun long ago, because expression of each of these molecules is
restricted to very different tissues and possibly to different spe-
cies (B-G expression has not been detected in mammals). Genes
encoding these molecules are dispersed, because BT, MOG, and
B-G are MHC-encoded (Kaufman & Salomonsen, 1992; Pham-
Dinh et al., 1993), whereas human B7-1 maps outside the MHC
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(Freeman et al., 1992). Like MHC class I and II genes, B-G
genes are polymorphic. Others have suggested that, like MHC
class I and class II molecules, B-G molecules may function in
antigen-specific recognition (Kaufman & Salomonsen, 1992;
Steinman, 1993). The sequence similarity between B-G antigens
and B7 molecules strongly suggests an evolutionary link between
antigen-specific and antigen-nonspecific regulators of lympho-
cyte function.

Given the case for evolutionary divergence, these molecules
should have once shared, and perhaps still share, functional
properties. There is little known of natural functions of BT,
MOG, or B-G, although immunologic functions for the latter
2 molecules have been suggested (Kaufman & Salomonsen, 1992;
Steinman, 1993). In addition to sequence similarity, B7 and
B-G also share the ability to enhance immune responses; B7 co-
stimulates T cell immunity (Linsley & Ledbetter, 1993) and B-G
enhances immune responses to other antigens (the so-called “ad-
juvant effect”) (Kaufman & Salomonsen, 1993). It may there-
fore be worthwhile to investigate whether B-G and MOG are
capable of interacting with specific receptors on the T cell
surface.
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