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ABSTRACT

The neuropeptide substance P, recently re-named neurokinin-1 and
abbreviated to NK-1, is a member of a family of neuropeptides called
the tachykinins. Those neuropeptides are distributed throughout
both the mammalian central and peripheral nervous systems and
have likely roles in a myriad of cellular functions ranging from
nociception to development. Neurokinin-1 has been localised to
several interesting regions of the brain, regions that show
phenotypic changes in line with the progression of clinical
neurodegenerative diseases such as Huntingdons'disease‘ for
example. NK-1 is encoded by the preprotachyk'in'in—A'(PPT—A)'gene.'
The neurokinin-1 receptor (NK-1R) gene encodes the G-protein-
coupled receptor for NK-1. In order to investigate the proposed
involvement of the PPT-A and NK-1R 'genes in diseases of the
nervous system and other cellular activities, it is important to
firstly understand the normal function and regulation of those genes
at the molecular level.

This project sets out to examine the normal function and regulation
of the PPT-A and NK-1R genes by molecularly cloning the murine
PPT-A and NK-1R genes and provisionally characterising those
genes. Gene targeting vectors for both genes will then be described.
Vectors were designed for use in homologous recombination
experiments, which is the first step required in order to generate“
transgenic mice beanng specifically altered forms of those genes.

This objective was pursued by firstly CIOning the murine NK-1'
precursor (PPT-A) gene from a genomic bacteriophage library. A 423
bp probe was generated by polymerase chain reaction (PCR) from
mouse genomic DNA template and was subcloned and sequenced.
Optimal hybridisation conditions were then determined and the probe
used to isolate lambda bacteriophage clones from a library.
Similarly, positively-hybridising clones of the NK-1R (receptor)
gene were isolated from another bacteriophage library using an 865
bp rat NK-1R cDNA-derived probe.



Secondly, the PPT-A bacteriophage clones were analysed by
restriction mapping, PCR and by hybridisation to exon-specific
probes. The exons of the murine PPT-A gene were then subcloned,
restriction mapped and positioned relative to each other on linear
restriction maps. Some mouse PPT-A sequence was obtained and
aligned with other species to determine the extent of identity and
homology. A similar approach was used for the NK-1R bacteriophage
clones.

Thirdly, gene targeting vectors for use in homologous recombination
experiments in mouse embryonic stem cells were then constructed
for each of the genes. Multiple cloning and subcloning steps were
required to do this. Several endonuclease recognition sequences
were altered by ligation of DNA linker sequences. A neomycin
(G418) resistance gene with its own promoter was introduced into
PPT-A exon 3, or in the the other vector, the neomycin resistance
gene was introduced. in place of a deleted 2.4 kb genomic sequence
containing PPT-A exons 3 and 4. For the NK-1R vector, exons 3 and 4
were deleted and replaced by the neo resistance gene. In each
vector, a thymidine kinase (TK) counter-selection gene from herpes
simplex | virus (HSV1) was also inserted.
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CHAPTER 1
INTRODUCTION

The objective of this chapter will be to provide an overview of the
background information and literature: which both prompted and
acted as the platform on which the experimental investigations
detailed in this thesis were built. Information which was both
pertinent and available when this research project was first
designed will ‘be described below, as will the .influential research
findings which were published while the project was ongoing and
which subsequently impacted on the progress of the research.

The overview sets the scene by briefly introducing the modes of -
communication in the mammalian nervous system and then focuses
on one important mode in particular, namely the neuropeptides as a
signalling system. To be more specific, the tachykinin family of
neuropeptides are of specific interest. The discovery and the
history to date of the tachykinin neuropeptide neurokinin-1 (NK-1,
formerly substance P) is then detailed, as is the equivalent
chronology of the G-protein linked, membrane-bound, NK-1 receptor
(formerly substance P receptor). The basis for the study of this
neuropeptide, and its corresponding receptor, will then be described
with respect to the clinical relevence and proposed therapeutic-
value of such. research. Areas where further research would be
useful and the principle objective of the research detailed in this
text is also discussed. The field of .modern homologous gene
targeting technology, and in particular the approach adopted for the
research presented below, will also be explored.
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1.1. COMMUNICATION IN THE MAMMALIAN NERVOUS SYSTEM

. The brain is without doubt the most complex and:least understood
mammalian- organ. At the point of maturity it weighs approximately -
1.4 Kg and is composed of 180 billion cells, of which 50 billion are
directly engaged in information processing. In addition to the scale,
the complexity of this organ is difficult to comprehend. Each of
those 50 billion cells is estimated to recieve up to 1‘5,000 physical
connections from other cells. Communication between those cells is
therefore fundamental for the multicellular organism to function.
Such communication is central to the coordination of many cellular
functions including cell metabolism, cell growth and differentiation.
In mammalian nervous systems, specific responses are illicited by
highly specialised messenger molecules. The neuro-physiologist
Otto Loewi in 1921 was the first scientist to present evidence to
support the concept that biochemical substances are central to
communication between nerves, muscles and glands. This evidence
ultimately provided the foundation for the later identification of one
precise mode .of ‘intercellular communication. By stimulating the
vagus nerve to a frogs heart, he noted that the rate of the heart
declined. If the slowing heart .was simultaneously rinsed in a
solution which was collected and later poured over another frogs
heart, a decline in the rate of heartbeat of the second heart could be
induced. A substance, which he named 'Vagusstoff' (vagus
substance) and which was later identified as acetylcholine, had been
released from the first heart into solution and had been
subsequently responsible for the slowing of the second heart.
Conversely, by stimulating the heart to increase its rate of beating,
Loewi managed to identify the molecule epinephrine which up-
regulates the mammalian heartbeat. He therefore proposed that
neurons communicate with.each other and with other tissues by the
release of biochemical neurotransmiters. '

A neurotransmitter is defined as a chemical which is found in the
terminal of a neuron, is released from the terminal when ‘the neuron
fires, and when incubated in the presence of innervated tissue, is
capable of inducing the same response in the tissue as the response
generated by neural stimulation. Additionally, there must be a
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mechanism in the area of the synaptic cleft to inactivate the
transmitter either chemically. or by way of uptake of the
. neurotransmitter. There. are many- subtypes -of neuortransmitter.-
Several amino acids. act in this way, including gamma-aminobutyric
acid (GABA) to which there are a family of receptors, several
antagonists and a number of known agonists such as baclofen
(detailed in section 1.7.3). The 'classical' (or canonical) chemical
neurotransmitters include acetylcholine which can act as a ligand
for both muscarinic and nicotinic receptors. The nicotinic receptors
are known to form transmembrane ion channels, whereas the
muscarinic receptors act through G-proteins (GTP-binding proteins)
to activate a variety of second messenger systems (Nathanson et al,
1987). - Several biogenic amines, including dopamine and serotonin,
have been studied and found to act as neurotransmitters. One known
agonist to serotnin receptors is the psycho-active narcotic LSD. An
antagonist to the receptor for the amino acid transmitter molecule
glycine is strychnine.

A number of peptides are known to be neuroactive and are
collectively known as the neuropeptide family of transmitters. The
neuropeptides are. diverse and include neurokinin-1 which is the
focus of the research presented in this text. Tachykinins in general
and NK-1 specifically are discussed in depth below.

1.2 NEUROPEPTIDES

1.2.1 The History of Neuropeptides

Neuropeptides are biologically active peptides which are produced by
neurons and which can illicit responses proximally or distally
within the mammalian nervous system and other tissues. Of the
many cell types that comprise the nervous system, peptidergic
neurons are the nerve cells which are specialized to produce and
secrete neuropeptides.. The list of known neuropeptides ‘is ever
increasing and currently stands at between 100 and 1000 taking -
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account of processed variants of the known peptides (Davies et al,
1994). Neuropeptides which mediate long-range ‘communication
- between neurons are traditionally referred to as.'hormones'. Those -

‘which - mediate short-range communication -and - occur in membrane- .-

bound vesicles are termed 'transmitters' (Burbach et al, 1992). A
broad range of neuropeptides exist in the brain partly as a
consequence of molecular processing such as alternajive splicing of
primary gene transcripts and differential precursor processing. The
known neuropeptides are sub-divided into groupings in line with
their common sites of either release or action. For example, there
are the brain-gut peptides which can induce specific responses in
the gastro-intestinal tract, amongst other tissues, and include
‘glucagon, substance P, -neurotensin, . leucine enkephalin and
vasoactive . intestinal peptide (VIP). . Also there are the
hypothalamic-releasing hormones such as thyrotropin-releasing
hormone (TRH) and somatostatin. Another group comprising the
pituitary peptides such as B-endorphin and adrenocorticotropin, are
secreted by the pituitary gland. Several other neuropeptides have
been identified but as yet do not lie within any of the existing sub-
categories. - The other neuropeptides include angiotensin |,
bradykinin, vasopressin and oxytocin (Kandel et al, 1981).
Neuropeptide Y is one neuropeptide which is researched intensively.
This 36 amino acid neuropeptide is found in high levels in the
central and peripheral nervous systems. There is growing evidence
indicating that this neuropeptide acts as a neurotransmitter. and
neuromodulator in several regions of the brain (Morris, 1992).

1.2.2 The Roles of Neuropeptides

1.2.2.1 Neuropeptides and Nociception

It has been proposed that NK-1 has a role in nociception
(transduction of pain). An understanding of the molecular basis of
the activation of peripheral' nociceptive sensory neurons is
necessary to allow pharmacological intervention in the treatment of.
pain. One research approach to this is the generation of hybrid cell
lines. Wood et al (1990) generated. hybrid cell lines by fusing
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neonatal rat dorsal root ganglia neurons with mouse neuroblastoma
N18Tg2 cells. The resulting: hybrids: exhibited -sensory neuron-like
properties which are not -displayed by the parental neuroblastoma:
cells. -One such property is the synthesis of NK-1. .These novel cell
lines provide one means to study the mechanisms of nociceptor
activation and the regulation of expression of sensory neuron-
specific markers such as the neuropeptide NK-1. This model may
subsequently permit a clearer understanding of NK-1 synthesis and
its role in nociception.

1.2.2.2 Neuropeptides and Behaviour

Neuropeptides are known to play a vital role in both the control and
. expression of behaviour in many organisms (Tublitz et al, 1991). For-
example, in insects, moulting is initiated by ecloisin hormone -
(Reynolds et al, 1983), and in lobsters defensive postures are
triggered by proctolin (Siwicki et al, 1987). In rats, drinking is
activated by angiotensin II (Fitzsimmons et al, 1978), maternal
behaviour is enhanced by oxytocin (Fahrbach et al, 1986), and feeding
is inhibited by cholecystokinin (Forman et al,.1977). Neuropeptides
-are believed to influence a range of other more complex, -long-term
behavioural changes such as learning, arousal, memory, emotional
state and schizophrenia (Gilles et al, 1979; McKelvy et al, 1986).
The lack of knowledge regarding the exact nature of those influences -
has prompted an upsurge of research in the field of neuropeptides.
- The molecular approach to neuropeptlde ‘research (sectlon 1.7.4)
should help to identify those influences.

1.2.2.3 Modulation_of the Immune tem

The regulation of the response of the immune. system has
traditionally been thought to be controlled by interactions between .
immunocompetent cells. Such cells were believed to "express
surface determinants, secrete regulatory molecules and be capable.
of recognising the signals emanating from other -cells of the immune
system. An alternative system has subsequently been observed. The
nervous system, which had previously been considered to have no
- involvement in immunocompetence, may have a direct influence on-
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immunological responses (Payan et al, 1984). An early example of
~this was presented: by Webber- et al (1970) who demonstrated that
stimulation of the post-ganglionic sympathetic nerves attached to

bone marrow elevated the level of  leucocyte  production. -

Neuropeptides were implicated in the regulation of the local immune
response as determined by tissue inflammation. Neuropeptides were
shown to be transported to the distal nerve endings of unmyelinated
dorsal root C-fibres and released upon stimulation of the axons. As
an example of the involvement of neuropeptides as a modulator of
the immune system, the neuropeptide NK-1, when incubated in vitro
with human T-lymphocytes, stimulates DNA and protein synthesis as -
determined by 3H-thymidine. and 3H-leucine incorporation,
respectively (Payan, 1983). = Furthermore, a. particular subset of
blood T-lymphocytes have been shown to carry specific: receptors
for NK-1 (Payan et-al, 1983). This was determined using a
fluorescent conjugate of NK-1 in addition to radiolabelled NK-1.
Somatostatin is another neuropeptide associated with modulation of
the ‘immune system. Both NK-1 and somatostatin elicit
neurocytotoxic histamine release from rat peritoneal mast cells in
vitro which is as rapid and complete as that evoked by conventional,"
IgE-dependent stimulation (Foreman et al, 1983). - Both of these-
" neuropeptides ‘have also been associated with ‘'neurogenic -
inflammation'. This is elicited by substances which are released
- from the peripheral terminals of sensory nerve fibres (Gamse et al,
1980). The electrical stimulation of these peripheral primary
afferent neurons activates their neuropeptide-rich- terminals. ~Their
release, in turn, results in a local increase in vasodilation and
vascular permeability to large molecules and leukocytes. Taking
account of the observations presented above, Payan et al (1984)
proposed a model linking the sensory neuropeptides and the effector
pathway of the immune system. He hypothesised that a noxious
stimuli of sufficient intensity could cause retrograde impulses in
neuropeptide-containing C-fibres and this would cause the release
of NK-1 and somatostatin from peripheral terminals. as' an axon
reflex. NK-1 would result in vasodilation and the increased-
permeability of the local microcirculation as well as activation of
mast cells to release histamine and leukotactic peptides which
trigger established response cascades within the immune systém. -
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Recent experimental evidence (Smith et al, 1994) has confirmed the
inter-relationships between the central nervous, the neuroendocrine.
and the immune system, where there is- extensive overlapping usage
of neurotransmitters, hormones. and receptors by these systems.
Chambers et al (1993) has reviewed at length the role of both
neuropeptides and other neurotransmitters in the modulation of
immune function. Chambers summarises the published findings with
respect to the several neuropeptides which have been shown to act
on immune function by way of inhibiting or enhancing B-cell and/or
T-cell function; where NK-1 has been shown to enhance T-cell
function. The occurrence of interleukin receptors- on neural cells
demonstrates the bidirectionality of the nervous. system-immune
system relationship. The evidence suggests that the immune and
nervous systems can operate in conjunction in the best interest of
the host. However, the exact nature of this relationship has yet to
be defined.

'1.2.2.4 Neuropeptides and Development

There are a large number of published findings which support. the
involvement of neuropeptides in mammalian development.
Neurokinin-1 is an example of such a neuropeptide and is discussed -
in depth in section 1.4. As an example, McGregor et al (1995)
reported the transient expression of the NK-1 gene in the developing
rat endocrine pancreas and noted that this can be regulated in the
RINm5F cell line model system.  Expresssion of NK-1 precursor
therefore varies during development. ' -

- 1.2.3 Activation and Inactivation of Neuropeptides

The production of biologically active peptides and proteins in cells
and tissues requires not only biosynthesis but also post-
translational modification. These modifications include proteolysis .
(the hydrolysis of peptide bonds), glycosylation, phosphorylation and
methylation. Proteolysis is the most general of all covalent’
modifications occuring in vivo (Wold et al, 1981). - 'Limited -
proteolysis' is the cleavage of selected peptide bonds, as opposed to
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the non-selective degradation of a whole peptide (Linderstrom-Lang
et al, 1949). Limited proteolysis has particular relevence to
neuropeptides as these peptides are often activated by such
cleavage. These proteolytic events are programmed so as to.occur in
specific cellular compartments where the appropriate enzymes are
both present and active. The rough endoplasmic reticulum (RER) is
the site of synthesis for the full neuropeptide gene product. This is
the largest form of the peptide and is referred to as the pre-pro-
protein (For example, pre-pro-tachykinin). The "pre" refers to a 15-
30 amino acid 'signal sequence' which is rich in hydrophobic residues
and is located at the N-terminus of the newly synthesized peptide.
As the peptide emerges from the RER the 'pre' sequence is cleaved
leaving a pro-protein. . The pro-protein is often packaged  into
secretory granules in the golgi aparatus of the cell (Blobel and
Dobberstein, 1975). The first proteolytic cleavage of the pro-
protein can occur either in the golgi aparatus or when the pro-
protein has been packaged into secretory granules. Biosynthesis and
axonal transport studies of the neuropeptide vasopressin in the rat
hypothalamo-neurophysial system have indicated that pro-
vasopressin is processed in the secretory granules during axonal
transport (Grainer et -al, 1977). It is likely that NK-1 is processed
in the same way. Modern molecular cloning technology has permitted
the identification and determination of the primary structures and
~amino acid sequences of neuropeptide pro-proteins. This, in turn,
has allowed the identification of amino acid motifs which are

common to groups of pro-proteins and. which -are believed to act as -

the recognition sequences which are crucial to the proteolytic
processing steps (Nakanishi et al, 1979). The majority of known
pro-proteins have pairs of basic amino acids flanking the cleavage

site, for example, the lysine and arginine amino acid pairing for pro- .

vasopressin (Land et al, 1982). The common amino acid sequences of
the tachykinin family of neuropeptides are detailed in Section 1.5.
Before the intact pro-protein is cleaved, other post-transiational
modifications such as glycosylation and the formation of disulphide
- bridges often takes place. Conversely, prior to cleavage, processes .
such as C-terminal amidation -and N-terminal acetylation- are -
believed to occur (Czicki et al, 1977, Phelps et al, 1980, England et
al, 1980). Several methods for the identification of- neuropeptide



Chapter 1 - Introduction , 3 o 9

processing products, including radioimmunoassay, have been
presented by Harmar et al (1986). - : -

Some neuropeptide pro-proteins can generate more than one
biologically active peptide. Pro-opiocortin can be converted into B-
endorphin and three other active peptides (Eipper et al, 1980).
Similarly, pro-enkephalin contains six 'Met-enkephalin' sequences
and one 'Leu-enkephalin' (Gubler et al, 1982). The most pertinent
example of this 'common precursor' or 'multivalent' production of
several active peptides from one original pre-pro-protein is NK-1.
This, and several other neuropeptides including substance K, are
derived from the single PPT-A gene (see Section 1.3.4).
Intermediates in proteolytic processing of tachykinins precursors
have been detected by Kream et al (1985) and the possibility cannot
be excluded that one or more of these intermediates is an active
peptide in its own right. Other mechanisms can also account for the
generation of multiple peptides in this way such as control of
transcfiptional processing. Those mechanisms are discussed below.

Neuropeptide pro-proteins typically undergo two types of
proteolytic _activity in.order to generate an active peptide. Firstly,
an enzyme is required to recognise the paired amino acid basic
residues (as detailed above), and secondly, a carboxypeptidase-B-
like enzyme is' required to remove the basic residues from the C-
terminus of the peptide.  Further post-translational modification
can occur after cleavage, commonly C or ‘N-terminal ‘modifications
such as the sulphation of tyrosvine in cholecystokinin (CCK) (Anastasi -
et al, 1968). - | | | -

An early and pertinent example of the cleavage of neuropeptides by
tissue-specific. enzymes is presented by Blumberg et al (1980). This
publication documents the cleavage of the proline-glycine bond in
bovine NK-1 (11 amino acids in total: H-Arg-Pro-Lys-Pro-GIn-Gin- -
Phe-Phe-Gly-Leu-Met-NH2) into the N-terminal tetrapeptide H-Arg-
Pro-Lys-Pro-OH and the heptapeptide H-Gly-GIn-Phe-Phe-Gly-Leu-.
Met-NHp2. The heptapeptide has been shown to. be as active as
uncleaved NK-1 itself in a number of bioassays. The tetrapeptide
has been found to stimulate the formation of cAMP -and neurite
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extension in neuroblastoma cells as well as to enhance the
phagocytotic activity "of macrophage. The ' intrinsically distinct
activities of these cleavage products suggested that NK-1 has at
least a dual- role and at that early stage hinted at the
multifunctionality of NK-1 which was to be clarified by further
research.

Peptide neurotransmitters are believed to be inactivated by enzymes
in the synaptic cleft, e.g., hydrolysis by a peptidase. Alternative
proposed methods of peptide transmitter removal include the uptake
of the peptide by neighbouring cells and the internalisation of the
whole ligand-receptor complex. .

1.3 THE TACHYKININ NEUROPEPTIDE FAMILY

1.3.1 Discovery and History

In 1931, two pioneering pharmacologists, Gaddum and von Euler,
discovered a hypotensive and spasmogenic activity in acid ethanol
extracts of equine intestine which they found to be different from

the neurotransmitter -acetyl choline. - It was during early -
experiments to map the distribution of acetyl choline that this new -

activity was first .noted. - Not only was it found to be. capable of
causing the contraction of the rabbit jejunum in the absence of
atropine, but this research indicated that it was proteinaceous in
nature (von Euler and Gaddum, 1931). This new activity 'was named
substance P (P for preparation). This neuropeptide was subsequently
re-named  neurokinin-1 (NK-1, see Section 1.3.2). In 1949, Erspamer,
whose career would later increasingly focus on neuropeptide
research, identified an activity with hypotensive and spasmogenic
properties similar to those previously . associated with NK-1. He
noted this while studying the posterior salivary glands of the
mediterranean octopus Elidone moschata. This activity, christened
eledoisin, was identified as a polypeptide. Significantly, eledoisin
was found in octopus salivary gland at a higher concentration than
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that of NK-1 in mammalian brain tissue. 1450 kg of live octopus
was required as starting material in order to purify enough of the
peptide to permit sequence analysis. In 1962, eledoisin "was the
first tachykinin peptide to be sequenced. (Erspamer et al, 1962).
Fellow amphibian peptides physalaemin and phyllomedusin were
subsequently identified, purified and sequenced by the same group
(Erspamer et al, 1964, Anastasi et al, 1970). These active peptides
demonstrated a characteristic fast onset of action on tissues of the
gut (compared to the slower acting bradykinins) and were
consequently named the tachykinins (TK). There is a high degree of
functional diversity within the tachykinin peptide family.
Regulation of both peptide synthesis and peptide-receptor

interaction has contributed to this functional diversity - (Nakanishi et - -

al, 1987). Study of the peptides has also highlighted a common
carboxy-terminal amino acid sequence; Phe-X-Gly-Leu-Met-NH»>,
This common sequence is characteristic of the tachykinin family of
neuropeptides where X is either a hydrophobic or aromatic amino
acid residue (Erspamer et al, 1981). In the tachykinin neuropeptide
‘neurokinin-1, the residue X is phenylalanine, whereas in substance K,
residue X is valine (Kimura et al, 1983; Maggio et al, 1983; Nawa et
al, 1983). ‘

The biological properties of the tachykinins were studied using
synthetic peptide analogues (Section 1.7.3.2). The conserved amino
acid sequence Phe-X-Gly-Leu-Met-NH2 was- found to be critical.
Prior to its amino acid sequence being conclusively determined (by
Chang et al in 1971), Erspamer predicted that the sequence of the
mammalian TK neurokinin-1 would include this conserved amino acid
motif which was common to.the non-mammalian peptides (Erspamer
et al, 1971). The subsequent discovery of other mammalian and ron--
mammalian TKs has indicated that members of this peptide family
_probably exist in all phyla from coelenterates to vertebrates. '
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Figure 1.1 : Aming Aci ences of the Tachykinin Peptides.

Mammalian Tachykinin Peptide Sequences

Substance P  Arg-Pro-Lys-Pro-GIn-PHE-Phe-GLY-LEU-MET-NH o
(neurokinin-1)

Substance K His-Lys-Thr-Asp-Ser-PHE-Val-GLY-LEU-MET-NH >
(neurokinin-A)

Neuromedin K Asp-Met-His-Asp-Phe-PHE-Val-GLY-LEU-MET-NH 2
(neurokinin-B)

Neuropeptide-K Asp-Ala-Asp-Ser-Serlle-Glu-Lys-Gln-Val-

-Ala-Leu-Leu-Lys-Ala-Leu-Tyr-Gly-His-
-Gly-Gin-lle-Ser-His-Lys-Arg-His-Lys-
-Thr-Asp-Ser-PHE-Val-GLY-LEU-MET-NH 2

Neuropeptide- y 5 Asp-Ala-Gly-His-Gly-GIn-lle-Ser-His-Lys-Arg-His-
: "-Lys-Thr-Asp-Ser-PHE-Val-GLY-LEU-MET-NH 2
Neurokinin-A(3-10) ‘ - Thr-Asp-Ser-PHE-Val-GLY-LEU-MET-NH2

Non-Mammalian Tachykinin Pe ti equences

Scyliorhinin | " Ala-Lys-Phe-Asp-Lys-PHE-Tyr-GLY-LEU-MET-NH 2
Physalaemin pGlu-Ala-Asp-Pro-Asn-PHE-Tyr-GLY-LEU-MET-NH2
Lys-Physalaemin pGlu-Ala-Asp-Pro-Lys- PHE-Tyr—GLY-LEU MET-NH2
Uperolein pGIu-Pro Asp—Pro—Asn Lys~PHE-Tyr—GLY-LEU -MET-NH o
Hylambatin ' Asp~Pro—Pro—Asp—Pro-Asp—Arg—
S S - -PHE-Tyr-GLY-Met-MET-NH2
Entero-Hylambatin . Asp-Pro-Pro-Asp—Pro—Asp-Arg PHE-Tyr-GLY-Met-MET-
_ NH2
Phyllomedusin pGlu-Asn-Pro-Asn-Arg-PHE-lle-GLY-LEU-MET-NH 2
Scyliorhinin I ' Ser-Pro-Ser-Asn-Ser-Lys-Cys-Pro-Asp-Gly-Pro-Asp-
Cys=PHE-Val-GLY-LEU-MET-NH 2
Glu-Pro-Kassinin . Asp-Glu-Pro-Lys-Pro-Asp-Gin-PHE-Val-GLY-LEU-MET-NH- 2 -
Kassinin - Asp-Val-Pro-Lys-Pro-Asp-GIn-PHE-Val-GLY-LEU-MET-NH 2
Entero-Kassinin " H-Asp-Glu-Pro-Asn-Pro-Asp-GIn-PHE-lle-GLY-LEU-MET-
NHo
Eledoisin pGlu-Pro-Ser-Lys-Asp-Ala-PHE-lle-GLY-LEU-MET-NH o

Canonical tachykinin C-terminal sequence - __PHE-X-GLY-LEU-MET-NH _ 2

Figure 1.1: Source references: For substance P (NK-1), see Chang et a (1971),
for substance K and neuromedin K, see Kimura et al, (1983), for scylorhinin, see
Conlon et al, (1986), for phylaemin, see Erspamer et al, (1964), for uperolein, see
Anastasia et al, (1975), for hylambatin, see Yasuhara et al, (1981), for
phyllomedusin, see Anastasi et al, (1970), and for eledoisin, see Erspamer et al,
(1962), for neuropeptide-K, neuropeptide-y and neurokinin-A[3-10], see Helke et al,
(1990).
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1.3.2 Nomenclature

There have been several.attempts to reach agreement on the use of-a
single name for each of the tachykinin peptides. Several .identical
peptides have been cited in publications under more than one name.
For example neuromedin K is also referred to as neurokinin B. The
International Tachykinin Nomenclature Committee, chaired by R.
Michael Snider of Pfizer Inc., presented recommendations regarding
tachykinin nomenclature (Henry et al, 1989). Unfortunately, the
recommendations have not been adopted unanimously. The gene at
the heart of the research presented in this text, PPT-A, encodes -
several neuropeptides including neurokinin-1 - (NK-1) which was

originally referred to as substance P. ‘The "preprotachykinin-A (PPT--

A) gene has been referred to as the 'SP' or 'substance P gene' in the
past. '

The tachykinins exhibit different pharmacological properties and on
this basis this, were divided into two sub-groups (Lee et al, 1982).
One group, composed of substance P. (NK-1) and physalaemin, was
named the SP-P sub-group, whereas the..other, comprising kassinin -
and eledoisin, was designated the- SP-E group. Physalaemin’ and -
kassinin were used as the key discriminatory .compounds,
respectively. This crude system. of distinguishing the tachykinins

served a purpose at the time but has subsequently been found to be

over-simplistic.- [t has been superceded and is no longer used.
-Substance P is now referred to as neurokinin-1 (NK-1). 3 -

1.3.3 Biosynthesis

As discussed above, neuropeptides are synthesized as precursor - -

proteins in the cell body- of neurons.” They are transported by an
anterograde action to the nerve terminals where they are
enzymatically cleaved into their active form,. stored-in specific"
- vesicles (different vesicles from when they are stored as co-
transmitters) and- released when ‘the neuron is stimulated. This
contrasts with the classical neurotransmitters which' are
synthesized in the nerve terminals from where they are released



Chapter 1 _ Introduction - P 14

directly. The mammalian tachykinins, betng neurokinin-1, substance

K and neuromedin K are- encoded by two genes, namely, the -

preprotachykinin-A (PPT-A) gene and preprotachykinin-B (PPT-B)
gene. . , . S L

1.3.4 The Preprotachykinin-A (PPT-A) Gene

The preprotachykinin-A (or PPT-A) gene, encodes several mammalian
tachykinin neuropeptides. Neurokinin-1, neurokinin A, neuropeptide
K, and neuropeptide y are each encoded from this gene by way of
tissue-specific, alternative post-transcriptional (alternative RNA
splicing) and post-translational pathways (Carter et al, 1990). Each
of the PPT-A gene-encoded peptides are biologically active (Regoli
et al, 1989). Of these, NK-1 and substance K are the most
extensively characterised. Alternative splicing of the primary PPT-
A RNA transcripts generates three mRNAs which, in turn, generate
several distinct precursor protein's. McDonald et al (1989) presented
results which demonstrated that multiple tachykinins are produced
and secreted as a consequence of post-translational processing of
the three preprotachykinin-A precursor proteins, ao-, B-, and y-
preprotachykinin. The transcripts encoded by the NK-1 gene are
named a—, B—- and 'y—preprotaé.hykinin mRNA. The « transcript encodes
neurokinin-1 (SP) only, whereas the B-transcript encodes
neurokinin-1, neurokinin-A (formerly SK), neuropeptide K and
neurokinin A(3-10), which is a post-translational variant of
neurokinin A. The y-transcript encodes neurokinin-1, neurokinin-A,
neuropeptide-y, and neurokinin A(3-10) (Helke et al, 1990,
Kawaguchi et al, 1986). In rat and human .PPT-A expressing tissue,

the B- and y-transcripts together constitute 99% of the .total

transcripts derived from the gene. The oa-transcript is therefore
relatively rare. T issue-speci_fib generation of the bovine a and B-
transcripts was demonstrated originally by Nawa et al (1984).. The
neurokinin-1 peptide is encoded by exon 3 of the PPT-A gene
whereas neurokinin-A is encoded by exon 6 (Nawa et al, 1984),'
Differential post-translational . processing of the neurokinin-A.
portions of the B- and v~PPT-A mRNAs results in. the generation of
different forms of neurokinin-A; neuropeptide K, which is derived
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from exons 3 to s of the (Mranscript, and neuropeptide-7 which is
derived from exons 3, 4 and 5 of the 7-PPT-A mRNA. Aqueous
hybridisation and S1 nuclease protection assay techniques were used
to examine both the RNA transcripts and the neuropeptides which are
encoded by the PPT-A gene (Krause et al, 1989).

Figure 1.2: Transcription and Transcript Splicing of the Rat PPT-A Gene

B H G P P B GG B H P H
LL L»1 I
1Kb 3 4 5
Transcription
\ and
Splicing
a-PPT mRNA 0-PPT mRNA y-PPT mRNA
(Exons 1,2,3,4,5,7) (Exonspg-7) (Exons 1,2,3,5,0,7)
/ \ Translation
“ -ppT pDPT 130 y-PPT
4 5 ( 7
Posttranslational Posttranslational Posttranslational
Processing Processing Processing
Substance P Substance P Substance P
Neurokinin A i,  Neurokinin A
Neurokinin A (3-10) i, Neurokinin A< 3-/
Neuropeptide K it Neuropeptide *

Figure 1.2: A schematic representation of the transcription and transcript splicing
of the rat PPT-A gene primary transcript. Furthermore, the translation and post-
translational processing of the a-, p- and y-PPT precursor proteins is also
represented (Helke et al, 1990). The rat NK-1 gene is depicted at the top and the
exons are numbered 1 through to 7. Transcription of the gene and splicing of the
primary transcript generates the a-, (3 and y-PPT mRNAs which are translated with
concomitant signal peptide cleavage. The number above each PPT precursor
represents the number of amino acids in each peptide. The abbreviations used are: H,
HinDIW; G, Bgl ll; P, Pstl; B, BamH |, PPT, preprotachykinin. Schematic taken from
Helke etal, 1990.
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As described in the neuropeptide section above, neuropeptides are
often- activated . by cleavage of a. precursor. protein. -The primary.
-structure of two forms of bovine -brdin - neurokinin-1- precursor .
protein - were identified by Nawa et al (1983).. The bovine: PPT-A
gene is 8.4 kb in length and comprises 7 exons and 6 introns
(Nakanishi et al, 1986).

cDNAs encoding the preprotachykinin-A and preBrotachykinin-B
protein precursors respectively, were isolated from a mouse brain
cDNA library by Kako et al (1993). The cDNAs isolated represented
the B- and y-PPT-A transcripts. The mouse neurokinin-1 precursor
protein was shown to consist of 130 -amino -acids .‘which- were highly

conserved with their rat, human and. bovine . equivalents, with 99%, - -

93% and 92% amino acid identity respectively. The -neurokinin-1. and -
neurokinin-A sequences were found to be identical between these
species. The mouse preprotachykinin-B precursor protein was shown
to comprise 116 amino acids and have 93% and 78% amino acid
sequence identity with equivalent rat and bovine sequences
respectively. Similarly, the sequence of neurokinin B was also
identical for those species. A ' o ~

The nucleotide sequence of the cDNA- which encodes. the human. - -

neurokinin-1 precursor protein, B-preprotachykinin, ‘was determined.
by Harmar et al (1986). The B-PPT polypeptide is 129 amino acids in
length and encompasses regions which encode neurokinin-1 ‘and
neurokinin A. The same research group was later to identify a: -
fourth NK-1 gene mRNA variant. - In addition to a mRNA containing' all
7 exons of the gene (B-PPT) and two other alternatively spliced
forms lacking. exon 4 (y-PPT) or. exon 6 (a=PPT), a fourth variant was
isolated which lacked both exons 4. and 6. A PCR based approach was.

employed to amplify cDNAs :which were then sequenced.. This novel -

transcript was named &-PPT and is likely  to encode a-novel-
precursor polypeptide (Harmar et al, 1990).

1.3.5 Regulation of the PPT-A Gene

The rat PPT-A gene has been shown to be regulated by -a number of - -

stimuli including growth factors (Kessler et al, 1981), conditioned : -
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media (Nawa et al, 1990), cocaine (Hurd et al, 1992), inflammation
(Noguchi et al, 1992), and factors present in innervated target
tissue (Barakat-Walter et al, 1991). Expression of the PPT-A gene
and the level of tachykinin biosynthesis appears to be under -
homeostatic control. This is clearly the case in both the peripheral
and central nervous systems where expression can be induced or
repressed by modulation as a result of extracellular signals (Walker
et al, 1991). Tachykinin expression in the anterior‘pituitary gland
has been shown to be under hormonal control (Jonassen et al, 1987).

Mulderry et al (1993) used deletion analysis to study the rat PPT-A
-promoter -and the regulation of expression. Adult rat sensory
neurons in culture were transfected -by microinjection - of plasmids-
containing genomic DNA sequences linked to a /acZ (B-galactosidase).
reporter gene. Deletion analysis results indicated that a 5'-flanking
sequence, 865 bp upstream of the rat PPT-A gene transcription
initiation site was responsible for directing high levels of
expression of the reporter gene. |

Mulderry -et al (1993) also found that the majority of the sequences

which are important to the regulation- of .this gene in rat dorsal root - -

ganglia (DRG) neurons are located between 47 and 865 nucleotides
upsteam of the start of the gene. DNAase 1 footprinting analysis
studies of the rat PPT-A gehe promoter were conducted by
Mendelson et al (1995a). This technique facilitates the

identfication of regulatory sequences by digesting DNA with DNAase.

| to leave only the DNA sequences to which a regulatory peptide is
- directly bound. Such sequences are protected from the nuclease and
therefore remain intact. Two footprints were -generated. which.
permitted the identification of E-box consensus.sequences (CANNTG)
which are recognised by dimeric protein complexes. Such complexes.

are composed of members of the basic helix-loop-helix (bHLH) and . -

basic helix-loop-helix leucine zipper (bHLH-zip) -families of proteins -
(Murre et al, 1989). One was found to span nucleotides -67 to -47
while the other spanned -177 to -155. The function of these
complexes have not been defined. The functional E-box motif in the
. proximal rat PPT-A promoter spans nucleotides -67 to -47. This -
was later mutated by insertion of a 10 bp DNA sequence. - Using
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cultured PC12 cells, this element was shown to be likely to function -
as an important cis-regulatory'domain in this promoter (Paterson et
al, 1995). Purine-rich motifs, which may. serve as binding sites -for
AP-1, Sp1 or other zinc finger-containing preteins,. were 3lso
identified upstream of the rat PPT-A gene. Several other footprints
were identified and could potentially be regulatory sequences for
the rat PPT-A gene. The elements identified are likely to be
involved in both tissue-specific and stimulus- dependent regulation
of the gene (Mendelson et al, 1995a; Paterson et al, 1995).

The rat PPT-A gene was isolated fpm a genomic library -by Carter et

I (1990). One major and two minor transcription initiation sites
~were identified upstream of the rat PPT-A gene. Comparison of the -
- rat and the bovine PPT-A gene sequences demonstrated highly
conserved regions throughout the entire coding region and within the
5' flanking region. |

The cell lines RINmSF and RiNr1046-38 currently offer one means of
investigating which factors and mechanisms are involved in the
regulation of the NK-1 gene in vitro. Using RINmSF cells, McGregor

et al (1995) reported the transient expression of the PPT-A ‘gene in -

the deyelop_ing' rat- endocrine pancreas. This -approach could ‘be
extended to the mouse PPT-A gene.

1.3.6 Preprotachykinin-B (PPT-B) Gene

Neurokinin-B, which was previously known as .neuromedin K, is

encoded by the fifth exon of the preprotachykinin-B (PPT-B) gene and - - - -
has been isolated from porcine spinal cord. In order to do this, a -

bioassay which determined the tachykinin-like effect of a sample on
guinea-pig ileum smooth muscle contraction was employed (Kangawa
et al, 1984). Later, a cDNA encoding the 116 amino acid precursor of
neurokinin-B was isolated from a rat cerebral cortex cDNA library
(Bonner et al, 1987). :

The diversity of the mammalian tachykinin system may have evolved.
as a result of mechanisms such as gene duplication and differential -
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expression of duplicated genes. An insight into this was gained as a
consequence of cloning the bovine preprotachykinin-B (PPT-B) gene.
Molecular cloning and sequence analysis techniques were utilised to .
identify cDNA and genomic DNA clones of the mammalian
neuropeptide, neuromedin K (Kotani et al, 1986). Neuromedin K is a
126 amino acid peptide with a sequence which includes a signal
peptide sequence and is encoded by the PPT-B gene. This gene
encodes two mRNAs which differ in the 5' untranslated region. The
gene organisation of the PPT-B gene was found to closely resemble,
in terms of the mRNA transcripts, that of the PPT-A gene, which
encodes the precursor for substance P, substance K and other
neuropetides (see above). The genetic resemblence suggests that the
two preprotachykinin genes may be derived from a common ancestor
gene. Using in situ hybridisation techniques, Nakanishis' research
team have demonstrated that the expression patterns of the mRNAs
of the PPT-A and PPT-B genes are different (Kotani et al, 1986).

1.3.7 Regulation of the Preprotachykini‘n Genes

Synthesis of the precursor proteins from the preprotachykinin genes
can be regulated in several ways including. transcriptional.
activation, splicing of primary transcripts, translational efficiency
and post-transldtional processing. Transcription can. be activated by
the binding of trans-acting factors to. cis regulatory sequences in
the promoter or enhancer regions of the gene, and therefore allowing -
-RNA polymerase Il to transcribe the gene. - Alternative splicing of
primary transcripts can vary the synthesis of pro-peptides, often in -
a development-dependent or tissue-specific manner. For example,
bovine a-PPT-A mRNAs are found in high relative concentrations in
the bovine brain tissue whereas the B-PPT-A mRNAs are abundant in
bovine intestinal and thyroid tissues (Nawa et al, 1983). Similarly,
species-specific splicing has been observed in rat and human tissues
and the relative levels of the a, B and v~PPT-A mRNA transcripts
determined. In rat, the y transcript is the most abundant, whereas in
human tissues, the B-transcript is prevalent (Helke et al, 1990). For
example, in the rat striatum, PPT-A mRNA from post-natal day 2 to.
day 5, levels do marginally fluctuate, (Haverstick et al,1989).
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1.3.8 Roles of Tachykinins

Tachykmlns are dlstrlbuted throughout the ‘peripheral and central :
_nervous systems W|th|n ‘the. CNS it . has been suggested that
tachykmlns are involved in dopaminergic activation and dopamine
release in addition to sleep control, Alzheimer's disease and
neuroprotection. With respect to the PNS, tachyklnlns are thought to
be involved in skin hypersensetivity and modulation of the immune
response. Mammalian tachykinins have been associated with sensory
and motor function as well as immunologic, inflammatory,
cardiovascular, respiratory and. gastrointestinal functions.
Additionally, they may be trophic and mitogenic factors.

The extent of tachykinin research is vast and several hundred
related papers are published every year. Most of that research is
inevitably focussed on substance P (NK-1) which was the first
neuropeptide to be identified, and is arguably much the best studied
(Maggio et al, 1988). The tachykinin neuropeptides are widely
'dnstnbuted and. are active |n the. central and peripheral  nervous
systems and evoke numerous responses |n numerous _tissues. They

are known to evoke responses. in neurons and act. .as secretagoguesi .
(promotmg secretlon of other substances) - They are also potent =

vasocontractors and can mduce the contractlon of smooth muscle
either dlrectly (or |nd|rectly via the release of classical
neurotransmitters). . Of partncular interest to. the neurobiologist .is .

the apparent mvolvement of tachyklnms in the . nigro- strlatal..,."__
pathway and prlmary sensory afferent transmlssmn . The role of

tachykinins as medlators between the nervous and lmmune systems )
has also generated much research mterest (Section 1 2.2. 3).

1.3.8.1 Asthma

In 1992, a study by Ichinose using a tachyklmn receptor antagonist
called FK-224, demonstrated that such antagonlsts may have a use
in the treatment of asthma. This was demonstrated by the reversal

of broncho- constrlctlon which had been induced by the mhalatlon of' o

bradykinin in asthmatic patients (Ichinose, 1992). .
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1.3:8.2 Inflammation and Arthritis

Rheumatoid arthritis .can be -initiated by an auto-immune. .reaction
(Guard et al,1991). -The sensory and sympathetic nervous system is
important in the maintainance and progression of rheumatoid
arthiritis.  Support for this is provided by the observation that
sensory nociceptive fibres (which activate sympathetic fibres via
spinal connections) demonstrate neurokinin-1 immunoreactivity.
Tachykinin antagonists may provide useful local treatment for
rheumatoid arthritis. Tachykinin peptides may have some
involvement  with neurogenic inflammation (Guard et al, 1991) and
may therefore be mvoIved inthe processes of arthritis. -

1.3.8.3 ngglgpmen

Previous studies have demonstrated that immature cortical neurons
can express neuroactive substances which are not found in the adult
cortex; neurokinin-1 is one such substance (Zhang et al, 1994).
Immunocytochemistry and - in situ hybridisation . (histochemistry)
have been used to investigate the distribution of neurokinin-1 and
neuromedin K in various -cortical areas- of “the rat cerebrum during -
development (Zhang. et al, '1994)." ‘Studies were- performed at several-
prenatal and postnatal stages in order -to ‘identify a. population of

transitory neurons equivalent to those that . appear.to play a role

during the development of the cerebral cortex in. mice. ..The number. .- .. .

of neurokinin-1 mRNA-positive. neurons and. neurokinin-1-immuno- - .
reactive cells was. found to decrease from postnatal day 10 and .15 .
onward, respectively. The identification of transient populations of
tachykinin-expressing neurons has provided further evidence of the
role of tachykinins in mammalian neurobiological development.
The floor plate is a ventral mid-line- structure which is crucial .to
the organisation of the developing vertebrate CNS and may also be
involved in regulation of neuronal differentiation by guiding
developing axons. ‘Neurokinin-1-is one -of the first transmitters to.
be expressed in the developing: spinal cord. The. distribution of the .

neurokinin-1 receptor in the vertebrate spinal cord was.- examined by =

in situ hybridisation and immunocytochemistry (Heath et al, 1995).
Neurokinin-1 and other peptide modulators may contribute to the.
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fine tuning of developmental processes in the embryonic CNS.
Elsewhere, (see section 1.4.3) results' have indicated that-the PPT-A

-gene for example, which- encodes. several tachykinins, is -actively -

expressed in the pancreas during development, but not in the adult
pancreas (McGregor et al, 1995).

1.3.8.4 Neurotransmission o

The proposed role of the tachykinins in neurotransmission is
supported by the evidence indicating a role for these peptides in
nociception (Section 1.2.2.1). . Furthermore, the tachykinin. neuro- .
peptides are present in nerve terminals packaged in vesicles which
are encased by membranes which can fuse with the membranes of
other cells. Evidence for the role of tachykinins in the regulation of
neurotransmission is presented by. Maggio et al (1988). The role of
tachykinins in the perception of pam presented by Helke et al (1990)
also supports this.

1.3.8.5 Sleep Requlation

‘The locus coeruleus .region of the mamalian brain plays an integral "

role in the control of sleep and alertness (Kolb. . et. al; .1989). -: " ..
Tachykinins, including neurokinin-1, have been shown:to be-potent .. .
activators of locus coeruleus neurons and it has been proposed that -

- they .are likely to be involved in sleep/alertness control. NK-1 also
activates - other neuronal -cell types .and therefore the -precise
involvement of this neuropeptide with sleep has yet to be clarified.
Further research is required.

" 1.3.8.6 Immunorequlation

The CNS is believed to regulate the immune system, but:to an -
unknown extent (see section 1.2.2.3). - Tachykinins are thought to-be. .
significant mediators of this. = Neurokinin-1 " and..neurokinin-A
stimulate T-cell proliferation and tachykinin receptors have been-
“ localised on - lymphocytes and other.cells of the.immune system.
Tachykinins may also mediate local inflammation as they have been
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shown to stimulate histamine secretion from mast cells (Ljundahl

et al, .1978).and  polymorphonuclear leucocytes (Bar-Shavit et al, .. -
- 1980), in addition to mediating- local vasodilation in ‘response to - . :

injury.

1.4 SUBSTANCE P

1.4.1 The Discovery and History of Substance P (NK-1) - -

As detailed in the tachykinin section above, while investigating the
tissue distribution of acetylcholine, Von Euler and Gaddum (1931)
discovered a spasmogenic and hypotensive activity in acid ethanol
extracts of equine intestine which they named substance P and
which has formed the bedrock of neuropeptide research. " Early
experiments indicated that this activity was proteinaceous in.nature
rather than "a classical, acetyl - choline-like neurotransmitter
(Gaddum :and Schild, 1934).. Of.the tachykinin, brain-gut peptides,

substance P .has the. longest scientific -history and was - the first - -

. active compound extracted from neural tissue which was found to. be
proteinaceous. Substance P has since been re-named neurokinin-1.
As detailed above neurokinin-1 and neurokinin A are -the major
peptides expressed by the PPT-A gene and they are produced
predaminantly by neuronal cells - of -'the central. and’ penpheral
nervous systems (Krause et al, 1989). - : :

For thirty, years . after ‘-the .discovery of neurokinin-1, research : .-
- focused on the pharmacological activities, the -chemical :properties. . .

and the tissue - distribution of this tachykinin (Pernow :et al,1983).

‘However, with the benefit of hindsight, the variable  purity of

neurokinin-1- isolates used during: that period calls into question the.
accuracy of the results. presented and published atthat time.
Findings made prior to the complete. purification and amino. acid.

sequencing of neurokinin-1 (Chang et al, 1971) included .the - .

assertion that neurokinin-1 was- identical -in brain and gut, unevenly

distributed in the nervous system, and active in the gastrointestinal -
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tracts of many species. These observations have been subsequently
validated. Of the several known peptidergic ‘neurotransmitters/
neuromodulators, neurokinin-1 is one of:the best-characterised
(Nakanishi-et al, 1986). o LT s ' '

1.4.2 Distribution of Neurokinin-1 R

1.4.2.1 Central Nervous System

As a consequence. of the .common carboxy terminal amino acid
sequence, antisera raised against one particular tachykinin peptide
and used in immunocytochemical studies, may cross-react with one
or more of the other tachykinins (Milner et al, 1988). This, in
addition to the relatively recent discovery of the peptides NPy and
NKA(3-10) expressed from the same PPT-A gene, has cast a doubt
over .the specificity of early radioimmunoassay and immuno-
cytochemical studies. Thedistinct regional and cellular distribution
of each neuropeptide has yet to be ascertained accurately. - However,
to date, the .highest concentration of neurokinin-1 in any.region of -
- the brain, is found in the substantia nigra where it is. concentrated
in nerve endings of afferent neurons in. the striatum, and is
subsequently released (Duffy et al, 1975). This also supports the
role of neurokinin-1 as a neurotransmitter. --

Neurokinin-1 can be isolated from  the brains of all vertebrates"
ranging from fish to mammals, including' man. The concentration of
neurokinin-1 appears to be lower in .species with - highly

differentiated brains; in increasing order, - man, . cat, rabbit, guinea- . ‘= -

pig, rat, duck, pigeon, and chicken (Grabner et al, 1959). ~“Generally = -
neurokinin-1 concentration ‘is” higher "in grey matter than white
matter. The highest brain concentrations have been found. in the
substantia nigra, hypothalamus, qglobus palladus, caudate - nucleus,
putamen and the central grey matter (Pernow et al, 1983). In the
spinal cord, the dorsal half contains more neurokinin-1.than the -
ventral. In the peripheral nervous system, levels are low relative to. -
the central nervous system yet are highest in the spinal ganglia and
sympathetic trunk of the peripheral system (Pernow et al, 1953). -
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- Neurokinin-1 has also. been localised to. the gastrointestinal tract of
several  species (Euler et al, 1977)." The distribution of neurokinin-1-
has ‘been determined traditionally using ‘radioimmunoassay - and -

immunocytochemical - techniques (Section 1.7.3).. - However
distribution has been determined most accurately using the in situ
hybridisation technique, where, in the rat central nervous system
for example, distinct patterns of cells producing PPT-A mRNA have
been mapped (Warden et al, 1984). Such cells are prominent in
laminae 1 and 11 of the spinal cord and in the thoracic
intermediolateral cell column. Similarly, the sensory neurons of the
dorsal root ganglia and the medullary raphe neurons which project to
the spinal cord, contain relatively high levels of PPT-A mRNA
(Warden et al, 1984) (see figure 1.3).

A subpopulation of primary afferent neurons have been shown to be
positively immunoreactive for neurokinin-1. In addition to several
other neuropeptides including vasoactive intestinal polypeptide
(VIP) and calcitonin gene related polypeptide (CGRP), neurokinin-1
has been localised to late differentiating (LD) neural crest cells in
culture (Matsumoto et al, 1994). Conversely, a population of early
differentiating (ED) neural crest cells was found to lack- this
neurokinin-1 immunoreactivity. '

The organisatiéﬁ of the extrapyramidal motor system includes the
reciprocal neuronal connections between the corpus striatum
(caudate-putamen) and the substantia nigra. Distinct defects in the
extrapyramidal system have been shown to result in Huntingdon's
and Parkinson's disease. Microdissected brain tissue has been

- examined and high concentrations - of neurokinin-1 .have been -
demonstrated in both the caudate nucleus and the zona reticulata of.
the substantia nigra (Brownstein et al, 1976, Davies et al, 1976).-

The immmunocytochemical experiments -of Ljungdahl et al (1978)

showed that the neurokinin-1-immunoreactive neuronal cell bodies- -
in the caudate-putamen are the ‘'source -of  the. neurokinin-1- -
immunoreactive nerve terminals in the substantia nigra and the..= . -
globus pallidus. This suggests that neurokinin-1 may have- some role .-
to play in Huntington's and/or Parkinson's disease- because those: .
regions are known to demonstrate altered morphology in patients :

ikl



Chapter 1 Introduction

with the clinical symptoms of those diseases. li has also been noted
that neurokinin-1-immunoreactive neurons in the substantia nigra
appear to regulate the nigral dopaminergic neurons which project
into the striatum. Similarly, expression of the PPT-A gene in the
striatum is regulated by those nigrostriatal dopaminergic cells
(Bannon etal, 1987).

* 1

Figure 1.3  :Distribution of Tachykinin (TK1 immuno-Reactivitv in the Rat.

Thoracic Spinal Cord Tachykinin-ir

SP/NKA (PPT) mRNA NKB mRNA NK-1 NK-3

Figure 1.3: Representation of a) laminar divisions of the thoracic spinal cord in rat
(left side) and the distribution and relative intensity of tachykinin (TK) immuno-
reactivity in the rat. TK immunoreactivity was assessed using a monoclonal antibody
to neurokinin-1  which cross-reacts extensively with NK-A (and NK-A related
peptides) and NK-B. b) Distribution and relative density of cell bodies containing PPT
mMRNA (left side) or NK-B precursor mRNA (Warden et al, 1988). c¢) Distribution and
relative density of NK-1 binding sites (left side, labelled with [125]]BH-SP) and of NK-
3 binding sites (labelled with [125]]BH-eledoisin, Mantyh et al, 1989). IML,
intermediolateral cell column; LSp, lateral spinal nucleus; NK-A, neurokinin-A; SP,
substance P; PPT, preprotachykinin; NK-B, neurokinin-B; (Helke etal, 1990).
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