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Review
The brain-specific angiogenesis inhibitors 1–3 (BAI1–3)
comprise a subfamily of adhesion G-protein-coupled
receptors (GPCRs). These receptors are highly expressed
in the brain and were first studied for their ability to
inhibit angiogenesis and tumor formation. Subsequent-
ly, BAI1 was found to play roles in apoptotic cell phago-
cytosis and myoblast fusion. Until recently, however,
little was known about the physiological importance of
the BAI subfamily in the context of normal brain func-
tion. Recent work has provided evidence for key roles of
BAI1–3 in the regulation of synaptogenesis and dendritic
spine formation. In this review, we summarize the cur-
rent understanding of the BAI subfamily with regard to
downstream signaling pathways, physiological actions,
and potential importance as novel drug targets in the
treatment of psychiatric and neurological diseases.

Adhesion G-protein-coupled receptors
G-protein-coupled receptors (GPCRs) are a superfamily of
seven transmembrane (7TM) receptors that constitute one
of the largest gene families in the human genome [1].
GPCRs recognize a diverse array of extracellular stimuli
and transduce intracellular signaling cascades via hetero-
trimeric G proteins and other signaling intermediates to
control cellular physiology [2]. GPCRs are important tar-
gets for therapeutics and thus have been intensively stud-
ied, but nonetheless there are still more than 100 GPCRs
that are considered orphan receptors because they lack
identified ligands. Many of these orphan receptors are of
interest with regard to human disease either because their
tissue distributions suggest they might be tractable drug
targets or because genetic studies have linked them to
human diseases [3].

The largest family of orphan GPCRs is the adhesion
GPCRs [4–6]. These receptors are characterized by ex-
tremely long N termini and a conserved GPCR proteolysis
site (GPS) motif that results in autoproteolytic cleavage of
the N terminus, separating it from the rest of the 7TM
region [7]. The GPS motif of adhesion GPCRs has recently
been shown via X-ray crystallography to be a part of a
much larger GPCR autoproteolysis-inducing (GAIN)
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domain [8,9]. Although the N termini of most adhesion
GPCRs are cleaved from the 7TM regions at some point
during receptor processing, the two receptor fragments can
remain noncovalently associated for some period of time
[4,10,11]. The N termini of adhesion GPCRs are heavily
glycosylated and contain a wide variety of domains known
to play roles in cellular adhesion and other biological
processes.

An intriguing subfamily of adhesion GPCRs is the trio of
brain-specific angiogenesis inhibitors: BAI1, BAI2, and
BAI3 [12,13]. Progress in the understanding of these
receptors has seen a dramatic step forward recently with
the elucidation of various signaling pathways, regulatory
mechanisms, and physiological roles. In this review, we
will outline these newly revealed facets of BAI biology,
their relevance to neurological and psychiatric disorders,
and the various ways in which these receptors might be
targeted therapeutically.

Brain-specific angiogenesis inhibitors
The members of the BAI subfamily contain a variety of
conserved domains on both their N-terminal and C-termi-
nal regions (Figure 1). For example, the N termini of the
BAI subtypes each contain multiple thrombospondin type
1 repeats (TSRs), one hormone-binding domain (HBD)
each, and one GAIN domain. The BAI1 N terminus also
features an integrin-binding RGD (Arg-Gly-Asp) motif in
addition to its five TSRs, whereas the BAI2 and BAI3 N
termini do not possess RGD motifs and have only four
TSRs. BAI1, BAI2, and BAI3 each share 45% identity to
each other at the amino acid level from the N terminus to
first TM domain. The C terminus of each BAI subtype ends
with a PDZ-binding motif, QTEV (Gln-Thr-Glu-Val). The C
terminus of BAI1 also features a proline-rich region (PRR),
which can bind to Src homology 3 (SH3) domains and WW
domains [14].

The BAI subtypes are widely expressed in both fetal and
adult brain tissue [15]. BAI1 mRNA is found at high levels
in the cerebral cortex, the hippocampus, olfactory bulb,
thalamic nuclei, and basal ganglia [16–18]. During devel-
opment, transcripts for murine BAI1 and BAI2 mRNA
peak at postnatal day 10, whereas BAI3 mRNA peaks 1
day after birth [19]. BAI2 is more ubiquitously expressed
than BAI1 during development, exhibiting expression in
brain, skin, kidney, skeletal muscle, and thymus, but is
largely limited to the brain after birth. By contrast, BAI3 is
more limited to the central nervous system (CNS) at all
developmental stages [19,20]. BAI1 protein is found in
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Figure 1. Schematic representation of the three members of the BAI subfamily. The major domains found in each receptor are shown, and known proteolytic events are

also indicted. Abbreviations: BAI, brain-specific angiogenesis inhibitor; PBD, PDZ-binding motif; PRR, proline-rich region; 7TM, seven transmembrane regions; GPCR, G-

protein-coupled receptor; GPS, GPCR proteolytic side; GAIN, GPCR autoproteolysis-inducing domain; HBD, hormone-binding domain; TSR, thrombospondin type 1

repeats; RGD, Arg-Gly-Asp integrin-binding motif.
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neurons, astrocytes, microglia, and macrophages, with the
most robust expression observed in neurons and astrocytes
[17,18,21,22]. BAI3 is known to be expressed in hippocam-
pal neurons [23], but the expression profile for BAI2 and
BAI3 across different cell types has not yet been charac-
terized as fully as for BAI1. The fact that the BAI subfamily
members are expressed in multiple cell types in various
tissues suggests distinct functions for these receptors
depending on cellular context. Indeed, as discussed below,
a variety of divergent physiological roles have been uncov-
ered for BAI1–3.

BAI autoproteolysis
One of the defining characteristics of adhesion GPCRs is
the presence of a GAIN domain, which is an evolutionarily
conserved region that contains an integral GPS motif
[9,10]. The GAIN domain functions as a site of autopro-
teolysis within the adhesion GPCRs, separating the N
termini of the receptors from their 7TM regions. The
GPS motif is a stretch of approximately 40 amino acids
within the much larger GAIN domain, which encompasses
approximately 320 residues. The GPS motif includes a
conserved catalytic serine/threonine residue, which per-
forms a nucleophilic attack on the carbonyl carbon of the
peptide backbone, resulting in autoproteolytic cleavage
[9,24,25]. Following cleavage, the N termini of these recep-
tors can remain noncovalently associated with the 7TM
regions, as has been demonstrated for CD97 [26], CIRL/
latrophilin-1 [27,28], GPR56 [29,30], BAI1 [11], and BAI2
[31]. The ability of the BAI subfamily to undergo autopro-
teolysis appears to be cell specific, as BAI1 and BAI3 do not
readily undergo proteolytic cleavage in HEK293T cells
[10,11,13]. A similar lack of cleavage has been seen in
other adhesion GPCRs, such as GPR111 and GPR115,
upon expression in HEK293 cells [32]. Interestingly,
BAI1 has been shown to undergo cleavage at the GPS
motif in human malignant glioma cells [33,34] and all
three BAI family members are autoproteolytically cleaved
in mouse brain lysates [10,31]. These findings indicate a
possible role for regulatory factors, present in neurons and
glia but absent in HEK293T cells, which modulate the BAI
subtypes such that autoproteolytic cleavage can occur. It
should be noted that although BAI1 and BAI3 do not
readily undergo autoproteolysis in HEK293T cells, these
receptors are still efficiently trafficked to the plasma mem-
brane [10,11], indicating that proteolysis at the GPS motif
is not required for proper surface trafficking. These obser-
vations are intriguing because mutations in the GAIN
domains of other adhesion GPCRs can cause protein mis-
folding and improper trafficking, which in some cases
results in human disease [27,30,35–37].

Upon proteolysis of the GAIN domain, the N terminus of
BAI1 becomes a 120-kDa protein termed Vasculostatin-
120, which has been extensively studied with regard to its
ability to inhibit angiogenesis and tumor formation
[12,33,34]. Further cleavage occurs upstream of the GAIN
domain by matrix metalloproteinase 14 to produce a 40-
kDa fragment, Vasculostatin-40, which also possesses
antiangiogenic properties [38]. BAI1 was initially identi-
fied in a screen for targets of the p53 tumor suppressor [39],
but was subsequently shown to be downregulated via
epigenetic regulation independently of p53 expression
[40,41]. The antiangiogenic effects of the BAI1 N terminus
appear to be primarily mediated through interactions of
the TSRs with the scavenger receptor CD36, which induces
proapoptotic signaling upon binding of the BAI1 TSRs [34].
Thus, autoproteolytic cleavage of the GAIN domain is
important because it liberates the BAI1 N terminus to
exert various physiological actions and also because it
may modulate the signaling activity of the 7TM region
of the receptor, as discussed in the next section. Future
studies aimed at understanding how autoproteolysis is
regulated in diverse cell types will shed light on BAI
subfamily signaling and also potentially shed light on
distinct physiological roles for these receptors in different
tissues.

BAI signaling
Although the adhesion GPCRs belong to the GPCR super-
family, only a few of these receptors have actually been
209
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shown to couple to G proteins. Both GPR56 [29,42,43] and
CD97 [44] have been shown to activate the Rho pathway
via coupling to Ga12/13, and CIRL-1/latrophilin-1 has been
demonstrated to couple to both Gaq and Gao [45,46].
GPR133 [47] and GPR114 [48] can couple to Gas to increase
cyclic AMP, and GPR97 can couple to Gao [48]. However,
the G-protein-coupling preferences of the vast majority of
adhesion GPCRs remain to be characterized.

As for the BAI subfamily, BAI2 was found to promote
activation of nuclear factor of activated T cells (NFAT, a
transcription factor important for immune responses) via a
promiscuous G protein, Ga16, revealing an ability of this
receptor to couple to G proteins [31]. BAI1 has also been
found to signal through G proteins, specifically Ga12/13 to
activate the Rho pathway in HEK293T cells [11]. Interest-
ingly, these studies revealed that removal of the BAI1 N
terminus resulted in enhanced downstream Rho activation
as well as increased association with b-arrestins and stim-
ulation of extracellular signal-regulated kinase (ERK) [11].
Increases in constitutive activity following removal of N-
terminal regions have also been observed for other adhe-
sion GPCRs, including GPR56 [29,49], CD97 [44], and
BAI2 [31]. These observations may provide fundamental
insight into the mechanism of activation for adhesion
GPCRs, as it is possible that conformational changes in-
duced by the binding of large extracellular ligands to
adhesion GPCR N termini may relieve inhibitory con-
straints that are imposed by the N termini on the 7TM
TSR
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regions of the receptors, thereby allowing for the activation
of receptor signaling.

In addition to the G protein-dependent signaling that
has been demonstrated for BAI1 and BAI2, several G
protein-independent pathways have also been established
for the BAI family (Figure 2). The ability of BAI1 to exert
effects on intracellular signaling pathways was first shown
in studies that identified an interaction between the C
terminus of BAI1 and the intracellular adaptor protein
ELMO [21]. ELMO can interact with Dock180 to form a
functional guanine nucleotide exchange factor (GEF),
which activates the small GTPase Rac by facilitating the
exchange of GDP for GTP [50,51]. BAI3 can also interact
with ELMO–Dock180 to activate the Rac pathway [23].
More recently, BAI1 was shown to stimulate Rac via a
mechanism independent of either classical G proteins or
the ELMO–Dock180 complex, as the PDZ-binding motif of
BAI1 was found to interact with the PDZ domain of the
Rac–GEF Tiam1 and the polarity protein Par3 [22]. BAI1
was shown to enhance the synaptic localization of the
Tiam1/Par3 complex, thereby leading to increased Rac
activation in cultured hippocampal neurons. A comprehen-
sive list of known binding partners of the BAI subtypes is
presented in Table 1.

Functional roles of the BAI subtypes
As mentioned earlier, the BAI subtypes possess multiple
TSRs on their N termini. TSRs were first identified as
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Table 1. Comprehensive list of interacting partners identified for BAI1–3a

NT interaction Region Function Refs

BAI1 CD36

avb5 Integrin

Phosphatidylserine

MMP-14

Lipopolysaccharides

TSRs

TSRs

TSRs

AAs S326 L327

TSRs

Inhibits angiogenesis

Blocks proliferation of endothelial cells

Engulfment of apoptotic cells

Cleaves BAI1 NT

Bacterial internalization

[34]

[100]

[21]

[38]

[64]

BAI2 Furin AAs R296 S297 Cleaves BAI1 NT [31]

BAI3 C1q-like proteins TSRs Regulation of synaptic density [84]

CT interaction Region Function Refs

BAI1 ELMO

TIAM1

Par3

MAGI-3

MAGI-1, MAGI-2, PSD-95, INADL,

SAP97, Chapsyn-110, MALS-1,

Densin-180, PAPIN, Syntrophins

a-Helix region

PDZ-binding motif

PDZ-binding motif

PDZ-binding motif

PDZ-binding motif

Rac GEF

Rac GEF

Cellular polarity

Potentiates ERK signaling

Unknown

[21]

[22]

[22]

[11]

[11,71,101]

IRSp53

BAP-3

BAP-4

b-Arrestin 2

Proline-rich region

C terminus

C terminus

C terminus

Unknown

Unknown

Unknown

Signal regulation

[74]

[73]

[16]

[11]

BAI2 Glutaminase interacting protein

GA-binding protein gamma

C terminus

C terminus

Unknown

Transcriptional regulation of VEGF

[102]

[82]

BAI3 ELMO a-Helix region Rac GEF [23]

Abbreviations: NT, N terminus; CT, C terminus; BAI, brain-specific angiogenesis inhibitor; MMP, matrix metalloproteinase; TSR, thrombospondin type 1 repeats; AA, amino

acids; VEGF, vascular endothelial growth factor.

aThe region of interaction and functional significance are indicated for each partner.
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regions of thrombospondin-1 that mediate the antiangio-
genic activity of this secreted protein [52]. Thus, much of
the early research on the BAI subtypes revolved around
the ability of these receptors to inhibit experimental an-
giogenesis and tumor formation [39,53,54]. Restoration of
BAI1 can inhibit the growth of tumors derived from glio-
mas and renal cell carcinomas [34,55–58]. Moreover, ex-
pression of the isolated BAI1 N terminus (Vasculostatin-
120) and the association of its TSRs with CD36 can mimic
the antiangiogenic effects of full-length BAI1 [12,33,34].
Thus, the antiangiogenic actions of BAI1 parallel the
classical antiangiogenic actions of thrombospondin-1,
which interacts with CD36 to induce apoptosis in endothe-
lial cells and thereby inhibit angiogenesis [59,60]. In addi-
tion to the TSRs on the BAI N termini, there is also a
putative hormone-binding domain located between the
TSRs and the GAIN domain. Nothing is known at present
about the role of this domain with regards to BAI subfamily
biology, including whether this domain actually binds to
hormones, but this could be an interesting area of future
research.

In addition to its role in regulating angiogenesis, a novel
role for BAI1 was uncovered following identification of an
interaction between the BAI1 C terminus and the Rac–
GEF ELMO–Dock180, a conserved signaling complex
known to be important in promoting the internalization
of apoptotic cells [21]. BAI1 was identified as a receptor
upstream of this signaling module and a key player in the
engulfment of cells that have undergone apoptosis. One
classical feature of apoptotic cells is the exposure of phos-
phatidylserine on the outer leaflet of the cell membrane
[61]. The TSRs on the BAI1 N terminus were found to
interact with exposed phosphatidylserine on apoptotic
debris, thereby eliciting the activation of the Rac signaling
pathway [21]. Activated Rac is known to promote cytoskel-
etal rearrangement via actin polymerization, allowing for
the engulfment and internalization of apoptotic cell debris
[62]. The ability of BAI1 to bind to externalized phospha-
tidylserine on apoptotic cells has also been shown to be
important for myoblast fusion, as genetic deletion of BAI1
was observed to reduce the size of myofibers and impair
muscle regeneration in vivo [63]. Additionally, the BAI1
TSRs have been shown to bind to lipopolysaccharides on
Gram-negative bacteria to mediate bacterial phagocytosis
[64]. Interestingly, a key feature shared by the processes of
phagocytosis and angiogenesis is that they are both known
to be highly regulated by thrombospondin interactions
with CD36 [65]. Thus, although it has not yet been deter-
mined if CD36 plays a role in BAI1-mediated regulation of
phagocytosis, it is possible that BAI1 regulates both an-
giogenesis and phagocytosis via the action of the five TSRs
on the BAI1 N terminus in a manner that parallels the
regulation of angiogenesis and phagocytosis by thrombos-
pondin-1.

BAIs at the synapse
Beyond the regulation of angiogenesis and phagocytosis, a
third major action of thrombospondins and TSRs in gener-
al is control of synaptogenesis [66]. Thrombospondins are
known to promote excitatory synaptogenesis [67,68], and
other TSR-containing proteins, such as semaphorin-5A
[69] and UNC-5 [70], are best known for the roles they
play in synaptic development. An accumulating body of
evidence suggests an important role for BAI1 as a synaptic
protein, including the interaction of the PDZ-binding motif
of BAI1 with PSD-95 [11,71], a scaffold protein that reg-
ulates spine formation and shape [72]. BAI1 has also been
reported to bind to PDZ domains from the synaptic scaffold
211



Review Trends in Pharmacological Sciences April 2014, Vol. 35, No. 4
protein MAGI-1/BAP1 [73]. The observation that BAI1 is
capable of binding to PDZ domains led to proteomic anal-
yses revealing that the C terminus of BAI1 can robustly
associate with PDZ domains from a number of distinct
scaffold proteins, including SAP97 (DLG1), Densin-180,
MAGI-2, and MAGI-3 [11]. Coexpression with MAGI-3
was found to augment BAI1 constitutive activity in
HEK293T cells, but only if the PDZ-binding motif of the
receptor was intact, thereby providing an example as to
how PDZ interactions can modulate BAI1-mediated sig-
naling [11].

The BAI1-interacting PDZ proteins mentioned above
are all known to be concentrated in the post-synaptic
density (PSD), a macromolecular signaling assembly found
in the post-synaptic regions of excitatory CNS synapses.
Interestingly, BAI1 itself has also recently been shown to
be highly concentrated in PSD fractions from brain tissue
[11,22]. Moreover, another protein that associates with the
BAI1 C terminus, insulin receptor substrate 53 (IRSp53;
also known as ‘BAI1-associated protein 2’ or BAIAP2) [74],
is enriched in the PSD [75,76]. When the BAI1/IRSp53
interaction was identified, little was known about the
cellular functions of IRSp53 and no physiological signifi-
cance was established for this interaction. Over the past
decade, however, IRSp53 has been demonstrated to be a
key regulator of dendritic spines [77] and suggested to play
a role in autism spectrum disorder (ASD) [78].

Evidence that BAI1 can regulate synaptic function and
dendritic spine morphology has come from recent studies
identifying the PDZ protein Tiam1 as a BAI1-interacting
protein [22]. Tiam1 is best known as a Rac–GEF that can
induce cytoskeletal changes in dendritic spines [79].
Duman et al. found that BAI1 signaling to Rac in cultured
hippocampal neurons was dependent on BAI1 binding to
Tiam1; by contrast, mutations blocking the ability of BAI1
to bind ELMO/Dock180 had no effect on BAI1 signaling to
Rac in this system [22]. BAI1 was found in these studies to
be localized to dendritic spines, consistent with the afore-
mentioned biochemical evidence that BAI1 is highly
enriched in the PSD [11,22]. The studies by Duman
et al. revealed that knockdown of BAI1 resulted in a
reduction in spine density and a less mature phenotype
in the remaining spines. These findings suggest that BAI1
may play a key role in dendritic spine maturation and
synaptogenesis.

Important roles in neurogenesis and synaptogenesis
have also recently been suggested for the other BAI family
members. Studies on BAI2-deficient mice revealed that
loss of BAI2 induces a depression-resistant phenotype [80].
BAI2 knockout mice were found to be resistant to social
defeat and less prone to immobility in the tail suspension
test, two well-established rodent assays of depressive be-
havior. Importantly, these differences could not be attrib-
uted to any deficits in motor activity or spatial learning.
The BAI2-deficient mice were also found to exhibit in-
creased neurogenesis in the dentate gyrus of the hippo-
campus [80], which may be related to the depression-
resistant phenotype of these mice given that enhanced
neurogenesis in the dentate gyrus often correlates with
resistance to depression [81]. Regarding the mechanism
by which BAI2 might regulate neurogenesis, BAI2 has
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previously been reported to suppress vascular endothelial
growth factor (VEGF) expression via interaction with GA-
binding protein gamma [82], and VEGF is known to
stimulate neurogenesis in the adult hippocampus [83].
Thus, loss of BAI2 expression might plausibly lead to
increased VEGF expression and increased neurogenesis.
Further work will test this model and also elucidate
additional phenotypes of mice deficient in the various
BAI subtypes.

BAI3 was recently shown to control dendritic arboriza-
tion and branching in cultured neurons, at least partly via
interactions with ELMO1 [23]. BAI3 knockdown in hippo-
campal neurons both in vitro and in vivo resulted in longer
and thinner dendrites, indicating a deficit in maturation
and thereby suggesting a role for BAI3 in regulating
dendritic arbor formation [23]. Interestingly, BAI3 has
also recently been found to interact via its TSRs with
members of the C1ql family of secreted complement-like
proteins [84]. The C1ql proteins are highly expressed in the
CNS and capable of forming both homomeric and hetero-
meric complexes [85,86]. Bolliger et al. found that incubat-
ing primary hippocampal neurons with low concentrations
of C1ql3 decreased the density of excitatory synapses in a
manner that was blocked by the addition of a TSR-contain-
ing fragment of BAI3 [84]. Further work in this area will
shed light on how C1ql interactions with BAI3 might
regulate cellular physiology and whether C1ql proteins
interact with all BAI subtypes or only with BAI3.

Relevance to human disease
The aforementioned effects of the members of the BAI
subfamily on dendritic spines may be of clinical interest
because abnormalities in spine density and morphology
are associated with a range of human diseases [87,88]. For
example, Fragile X syndrome is the most common inher-
ited form of mental retardation and is characterized by the
development of abnormally long and thin dendritic spines
in the cerebral cortex and hippocampus [89]. Furthermore,
one of the key pathological features of Parkinson’s disease
is the loss of dendritic spines in the striatum [89,90], and
alterations in spine morphology have been linked to schizo-
phrenia and other psychiatric disorders [91]. Chronic drug
abuse has also been shown to result in dramatic changes to
spine density and morphology in brain regions associated
with reward and addiction [92]. Given this large body of
evidence linking spine dysregulation with disease, it is of
critical importance to elucidate the underlying elements
that regulate dendritic spine development and morphology
in order to identify novel targets for therapeutic interven-
tions for these disorders. Thus, the recent studies demon-
strating regulation of dendritic spine development and
morphology by the members of the BAI subfamily mark
these receptors as potentially exciting new therapeutic
targets for the treatment of psychiatric and neurological
disorders associated with dendritic spine pathology.

Clinical interest in the BAI subtypes has also arisen
from genetic studies linking these receptors to various
psychiatric and neurological disorders. For example,
BAI1 may possibly be implicated in ASD, as the BAI1
gene was localized to a hot spot for germline mutations
in patients with autism [93]. Moreover, BAI1 interacts
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with PSD-95 [11,71], and there is evidence that regulation
of PSD-95 may be a common downstream feature of multi-
ple genes associated with autism [94]. Additionally, single
nucleotide polymorphisms in BAI3 [95] as well as changes
in BAI3 copy number [96] have been linked to the develop-
ment of schizophrenia, and BAI3 expression has been
found to be regulated by treatment with lithium, a drug
used to treat psychiatric conditions such as bipolar disor-
der and certain types of schizophrenia [97,98].

The BAI subtypes as pharmacological targets
Given the converging lines of evidence from in vitro, in vivo
and genetic studies suggesting that the members of the BAI
subfamily may play roles in a variety of psychiatric and
neurological disorders, these receptors have emerged as
potentially important new therapeutic targets. Important
future steps towards the targeting of the BAI subtypes for
therapeutic purposes will include identification of ligands of
these receptors and further elucidation of downstream sig-
naling pathways of these receptors (Box 1). Such advances
will facilitate high-throughput screening approaches aimed
at finding small molecule agonists, antagonists, and mod-
ulators for the BAI subtypes. High-throughput screening to
find small molecule ligands for adhesion GPCRs is indeed
tractable, as recent screens of the adhesion GPCR GPR97
identified beclomethasone dipropionate as a small molecule
agonist for GPR97 [48]. It can be envisioned that small
molecule BAI agonists could be developed to potentially
promote dendritic spine stabilization and rescue spines
from the immature phenotypes associated with certain
psychiatric and neurological disorders.

One of the most important conceptual advances in the
field of pharmacology in the past 15 years has been the
concept of biased ligands, which are ligands that preferen-
tially activate certain pathways downstream of a given
receptor [99]. Because BAI1 can signal through a multi-
tude of distinct pathways, it may be possible to develop
biased agonists that specifically activate one of these path-
ways without activating others in order to fine-tune cellu-
lar responses and maximize clinical benefit. Moreover,
small molecules could be developed to regulate the associ-
ation of the N terminus with the 7TM region of these
receptors, as it has been shown that this interaction mod-
ulates receptor signaling activity. In a related vein, small
molecules that bind to the GPS motif to accelerate or
Box 1. Outstanding questions

� How are the various signaling pathways downstream of the BAI

subtypes activated and regulated?

� Can these signaling pathways be modulated by the various N-

terminal ligands of the BAI subtypes?

� Are the synaptic functions of the BAI subtypes redundant or

unique?

� Are the actions of BAI1 as a mediator of engulfment related in

some way to the actions of this receptor at the synapse?

� What roles do the BAI subtypes play in neurological disorders?

� What aspects of BAI functionality could potentially be targeted for

modulation by small molecule ligands?

� Can the members of the BAI subfamily be exploited pharmaco-

logically for therapeutic benefit in neurological and psychiatric

disorders?
inhibit GPS cleavage might also be predicted to alter
receptor signaling activity, and thus the GPS motifs of
the BAI subtypes and other adhesion GPCRs could provide
unique therapeutic targets not found in other GPCRs.
Based on the recent advances that have been made in
understanding the signaling activity of the BAI subtypes,
it is evident that there are a variety of distinct approaches
that might be taken in targeting the members of this
receptor subfamily for the potential treatment of psychiat-
ric and neurological disorders.

Concluding remarks
The regulation of dendritic spines and synaptic plasticity is
extremely complex and involves a multitude of signaling
pathways and regulatory proteins. Achieving an under-
standing of the key signaling molecules involved is of
critical importance not only to understanding normal phys-
iology but also to better understand and hopefully treat
neurological disorders that have a basis in aberrant syn-
apse formation and morphology. This review provides an
overview of the BAI subfamily of adhesion GPCRs, with an
emphasis on recent studies that have uncovered critical
roles for the BAI subfamily members at the synapse. These
receptors can regulate neuronal function and synaptogen-
esis through several different signaling pathways, and
recent genetic studies have linked this subfamily to multi-
ple psychiatric and neurological disorders. Further eluci-
dation of BAI1–3 signaling, regulation, and activation by
ligands will likely lead to substantial new insights in the
area of synaptic biology.
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