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Introduction

The term “cell adhesion molecule” can be traced back to the mid-1970s where it
was used to describe molecules forming bonds between cells (Rutishauser et al.
1976). Some of the first CAMs identified, NCAM1 (Rutishauser et al. 1976) and
N-cadherin (Hatta and Takeichi 1986), are molecules that mediate cell adhesion
through homophilic frans-interactions (one protein attached to one cell surface
interacting with an identical protein attached to an opposing cell surface). More
recently, some CAMs, for instance, neurexins and neuroligins (Craig and Kang
2007), have been found to facilitate cell—cell interactions through heterophilic
trans-interactions (one protein attached to one cell surface interacting with a differ-
ent type of protein attached to an opposing cell surface), and many CAMs [for
example, integrins (Myers et al. 2011)] do not mediate cell—cell interactions directly
but instead mediate interactions between cells and the extracellular matrix (ECM).
Moreover, many CAMs form heterophilic interactions not only with components of
the ECM, but also with the extracellular domains of a variety of proteins located in
the plasma membrane (Comoglio et al. 2003) as well as with intracellular adapter
proteins, cytoskeletal elements, and enzymes (Mege et al. 2006; Takai et al. 2008;
Buttner and Horstkorte 2010). These interactions not only serve to modulate the
adhesive properties of CAMs but also enable CAMs to modulate intracellular signal
transduction, cyto-architecture, and gene transcription (Ingber 2003). Moreover, the
ectodomains of many CAMs can still modulate signal transduction after shedding
(Cavallaro and Dejana 2011), and consequently, CAMs are involved in a variety of
biological processes. In the nervous system, CAMs are for instance involved in the
migration of neural crest cells (McKeown et al. 2013), the growth, guidance, and
regeneration of axons (Kamiguchi 2007; Zhang et al. 2008), and the maintenance of
stem cell niches (Marthiens et al. 2010). Not surprisingly, CAMs are therefore also
implicated in numerous diseases of the nervous system. Moreover, the adhesion of
most cells is a prerequisite for their growth and survival, and an absence of adhesion
generally leads to cell death (anoikis) (Zhong and Rescorla 2012). In contrast, one
of the characteristics of transformed cells is adhesion-independent growth (Reddig
and Juliano 2005), and consequently, CAMs are also tightly linked to processes like
tumor suppression (Moh and Shen 2009) and cancer (Makrilia et al. 2009).
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Xviii Introduction

The first CAMs described were proteins with no intrinsic enzymatic activity,
which generally could be classified as belonging to one of four families: cadherins,
integrins, selectins, and members of the immunoglobulin superfamily (IgSF)
(Jordan and Morrow 1990). More recently, several proteins with enzymatic activity
have also been demonstrated to mediate cell adhesion, for instance, receptor protein
tyrosine phosphatases (Beltran and Bixby 2003), and an increasing number of
CAMs have been found not to belong to any of the four protein families mentioned
above, for example, neurexins/neuroligins (Craig and Kang 2007) and members of
the family of proteins with extracellular leucine-rich repeats (Chen et al. 2006).

The purpose of this book is to provide a snapshot of current knowledge about the
function of CAMs in the nervous system with an emphasis on their implications for
the development or progression of diseases. In recent years many novel CAMSs have
been identified, and the book to a large extent focuses on these novel proteins of
which many have been characterized only to a minor degree. Indeed several of the
described proteins have not yet been demonstrated to serve as CAMs; see e.g.,
Chap. 14 (Winther and Walmod). In contrast, many of the well-characterized CAMs
have deliberately been omitted from the book because they recently have been
described extensively elsewhere. The book therefore does not provide a complete or
a balanced description of CAMs implicated in neural diseases, but instead aims at
providing an impression of the variety of CAMs expressed in the nervous system
and how they affect the development, maintenance, and regeneration of the nervous
system in health and disease.

Notably, members of the cadherin and integrin families are entirely omitted
from the book. For recent information about these proteins, see (Hirano and
Takeichi 2012; Redies et al. 2012) and (Becchetti and Arcangeli 2010; McGeachie
et al. 2011; Myers et al. 2011; Wojcik-Stanaszek et al. 2011), respectively.
Likewise, one of the most prominent CAMs of the IgSF, NCAM1, has been omit-
ted from the book. For recent information about NCAM1 and other members of the
NCAM family, see (Owczarek et al. 2009; Berezin 2014; Senkov et al. 2012;
Winther et al. 2012).

The individual chapters of this book are devoted to individual CAMs or families
of CAMs, and the book has been divided into two sections. The first section
describes CAMs belonging to the IgSF; the second section describes CAMs not
belonging to the IgSF.

Chapter | describes Thy-1 and how this protein is implicated in, e.g., pulmonary
fibrosis, cancer, Graves’ disease ophthalmopathy, and glomerulonephritis (Leyton
and Hagood). Chapter 2 describes the three related proteins CAR, NT-IgSF, and
CLMP, of which in particular CAR has received attention in relation to gene therapy
(Schreiber et al.). Chapter 3 describes GlialCAM/HepaCAM with an emphasis of
its implications in the rate neurological disease megalencephalic leukoencephalopa-
thy with subcortical cysts (MLC) (Barrallo-Gimeno and Estévez). Chapter 4
describes neuroplastins and the effects of these proteins on synaptic plasticity and
neurite outgrowth (Beesley et al. 2014). Chapter 5 describes the multiple functions
of nectins and nectin-like proteins and their effects on, e.g., cancer and Alzheimer’s
disease (AD) (Mori et al.). Chapter 6 describes the effects of ICAM-5 on spine


http://dx.doi.org/10.1007/978-1-4614-8090-7_14
http://dx.doi.org/10.1007/978-1-4614-8090-7_1
http://dx.doi.org/10.1007/978-1-4614-8090-7_2
http://dx.doi.org/10.1007/978-1-4614-8090-7_3
http://dx.doi.org/10.1007/978-1-4614-8090-7_4
http://dx.doi.org/10.1007/978-1-4614-8090-7_5
http://dx.doi.org/10.1007/978-1-4614-8090-7_6

Introduction XiX

maturation, synapse formation, and immunosuppression (Gahmberg et al.). Chapter 7
describes the importance of roundabout receptors on a number of processes ranging
from cell migration to organogenesis (Ypsilanti and Chedotal). Chapter 8 describes
the effects of members of the contactin family on processes like neural cell migra-
tion, axon guidance, and the organization of myelin subdomains (Mohebiany et al.).
Chapter 9 describes the L1 family of CAMs, and their implications in, e.g., mental
retardation, autism spectrum disorders (ASDs), schizophrenia, and multiple sclero-
sis (MS) (Nagaraj et al.), whereas Chap. 10 gives a more detailed description of one
of the members of the L1 family, neurofascin, and its potential involvement in neu-
ral diseases (Ebel et al.). Chapter 11 describes the two proteins DSCAM and
DSCAMLI1 and their involvement in, e.g., Down syndrome (Montesinos). Chapter
12 describes the protein anosmin-1, which is implicated in, e.g., Kallmann syn-
drome and MS (de Castro et al.). Chapter 13 describes the large family of protocad-
herins, which include members that are implicated in, e.g., ASDs, schizophrenia,
Usher syndrome, mental retardation, Huntington disease, and Retinitis pigmentosa
(Hirabayashi and Yagi). Finally, Chap. 14 describes several families of CAMs
belonging to the family of leucine-rich repeat-containing proteins. These families
contain members that are implicated in, e.g., cancer, hearing impairment, glaucoma,
AD, MS, Parkinson’s disease, ASDs, schizophrenia, and obsessive—compulsive dis-
orders (Winther and Walmod).

In total, the book describes more than 75 individual CAMs, and although many
of these proteins only have been studied to a limited extent, the book will hopefully
serve to highlight the importance of CAMs in relation to neural diseases and the
development, maintenance, and regeneration of the nervous system.

Copenhagen, Denmark Peter S. Walmod
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