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“Migraine and Vasodilation Treatment”

The present invention relates to a novel biochemical
marker associated with migraine and a method of
predicting forthcoming migraine attacks. The
invention also relates to a novel vasodilatory agent
and to the use of a peptide to develop an

antimigraine therapy.

The molecular basis of migraine was previously
unknown. Work in this area began with the clinical
observation that most migraineurs woke with a
migraine from sleep. This cast considerable doubt
on the previously described relationship between
migraine and so called trigger factors such as the
ingestion of cheese, chocolate, citrus fruits and
red wine for two reasons: firstly, the time scale
was too long as patients normally sleep for 6-8
hours and yet a pharmacological effect of an
ingredient of these substances should produce and

effect within 1-2 hours and secondly, critical
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evaluation of the evidence for these factors

actually triggering true migraine is weak.

In view of these observations, investigations were
carried out regarding factors during sleep which
could conceivably trigger attacks of migraine. The
resulting research identified tooth clenching as the
major problem and this led to an appliance being
described which obviated tooth clenching during
sleep and in turn prevented attacks of migraihe.
Indeed following one year of treatment with such a
device, around 85% of migraineurs suffer no further

attacks.

Whilst deciding how long a patient had to wear the
appliance in order to permanently alleviate their
migraine, it became clear that a three month period
was too short. Indeed all patients who discontinued
their attacks by that time will experience an attack
of migraine within ten days of stopping appliance
therapy. In essence the appliance could therefore
be used as a mechanism to trigger migraine in those

individuals.

In a first aspect the present invention aims to

provide a product to predict the onset of migraine.
The invention provides a method of predicting the

onset of migraine attack, through the detection of

elevated levels of salivary peptide Cystatin SN.
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Following the establishment of a patient’s normal
Cystatin levels, variations of this level can serve

as an indication of an impending attack of migraine.

According to the present invention there is provided
a method for predicting potential migraine attacks,
the method comprising the steps of establishing a
normal level of Cystatin SN for an individual and
subsequently testing for variations thereof wherein
elevated levels of Cystatin SN indicate the on set

of a migraine attack.

Elevated levels of Cystatin SN will preferably be at

least three time the normal levels.

Prediction of a migraine attack will enable an
individual to commence treatment of the attack
before onset therefore minimising any ill-effects or

to plan ahead accordingly.

The method may extend to detecting levels of other

members of the Cystatin family.

The detection method may look for the amino acid
sequence which is known for Cystatin SN.

The invention further provides a device for use in

detecting elevated levels of Cystatin SN.

In one embodiment the device uses antibodies to

Cystatin SN.

The device may be in the form of a dipstick.
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4

The device may indicate changes of the level of

Cystatin SN by colour change.

The invention may comprise use of an anti-sense RNA

to the mRNA for Cystatin SN.

The invention comprises the use of the amino acid
sequence of Cystatin SN in the elucidation of the or
a nucleic acid sequence in the development of a test

for elevated expression of Cystatin SN.

The invention provides such a test for detection of

levels of expression of the Cystatin SN gene.

Data undertaken blindly on saliva samples from

migraineurs and non-migraineurs has for the first
time identified a reliable biochemical marker for
migraine. To date no other substance has been so

strongly linked to the disease process.

Presently there are no reliable markers for
migraineurs nor biochemical predictive markers of

attacks for an impending attack of migraine.

By having a model to trigger migraine attacks, the
present inventors were able to identify a peptide in
saliva which appears to be associated with
migraines. The identified peptide was partially
sequenced and the sequence was shown to be
homologous with the known sequence of salivary

peptide Cystatin SN.
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The present inventors have found that levels of
Cystatin SN are about ten times higher in
migraineurs than non-migraineurs and levels rose

markedly in the 24 hours before a migraine attack.

As this molecule is intimately linked with migraine
attack, it can be concluded that its release as a
result of tooth clenching may be the main factor

responsible for attacks of migraine.

The amino-acid sequence of the identified peptide
accords with that of the full sequence of Cystatin
SN. This molecule offers for the first time the
opportunity to reliably predict the onset of
migraine attacks within a 24 hour period and as such
has important implications for the management of
migraineurs. Figure 1 shows the full amino-acid

sequence of the Cystatin molecule.

As the full structure of Cystatins are known and the
levels which are normally present in migraineurs are
known as opposed to non-migraineurs, then a saliva
based recording technique can be developed which
quantifies the amount of Cystatin present in saliva.
Such a technique would give the advantage that an
individuals “baseline” Cystatin level could be
established, and from this level changes associated
with the subsequent development of an attack could
be monitored, thus allowing forthcoming migraines to

be predicted.
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It is a further object of the present invention to

provide a new vasodilatory molecule.

According to another aspect of the present invention
there is provided a novel vasodilatory agent,
wherein said novel, vasodilatory agent is or is

based on the peptide Cystatin.

Studies linking the release of Cystatin SN with the
onset of a migraine attack have shown that migraine
attacks are related to profound vasodilation. The
effectiveness of Cystatin SN as a vasodilator has
been tested in vitro in an animal model system.

This has shown that even crude extracts of saliva
from migraineurs are vasodilatory and therefore it
would be anticipated that refined preparations would

show an even greater vasodilatory effect.

The invention further provides a method of
controlling the degree of vascular tone by means of
supplementing rational levels of Cystatin in the

systemic circulation.

Preferably said vasodilatory agent may be
administered as a potential application to a number

of vasodilatory cardiovascular problems.

Preferably the invention will not be limited solely
to Cystatin SN with any suitable peptide of the
Cystatin group of peptides or synthetic versions or

derivatives thereof being suitable for use.
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The invention further provides use of Cystatin or a
similar peptide in the preparation of a medicament

for the treatment of vasodilatory problems.

By similar peptide is meant a peptide having a
similar sequence which is prepared from nature or
made synthetically or an active fragment thereof.

An active fragment will have vasodilatory activity.

Preferably, said CYstatin would include the amino-
acid sequence:
IITPGGIYNADLNDEWVQRALHTFATIGSE
Y N

The amino-acid sequence of Cystatin is shown in

Figure 1.

Peptides being at least 60% homologous across the

sequence should also be effective vasodilators.

The invention also provides a cDNA sequence which
can be expressed to produce Cystatin or a similar

peptide for use as a vasodilator.

The cDNA sequence may be used in the preparation of
a medicament for the treatment of vasodilatory

problems.

There are a number of conditions in which
vasoconstriction produces a disease process such as
ischaemic heart disease and peripheral vascular

disease. The initial administration of Cystatin SN
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to 1in vivo and in vitro animal systems would allow
careful evaluation of the degree of vasodilation
caused by Cystatin SN and therefore its potential

pharmacological effects.

Cystatin SN occurs naturally in low amounts in non-
migraineurs. The levels of systemic circulation are
likely to control the degree of vascular tone in
vasodilation and therefore this could be

supplemented by exogenous emission of Cystatin SN.

The present invention characterises the relationship
between Cystatin SN as a vasodilatory neuro-peptide
and its potential application to a number of

vasodilatory cardiovascular related problems.

As Cystatin SN is a naturally occurring substance,
the clinical response should be beneficial, but
requires evaluation in a model system, particularly
model systems which look at intra-cranial

vasodilation.

Although the inventors do not wish to be bound by
any particular theorem, the invention would be put
into practice by using molecular technigques which
involve cloning the substance and producing large
volumes of it. Following this, the relative
vasodilatory effect of the peptide versus other
similar peptides would be tested in in vitro animal
model systems. At the same time baseline levels of
Cystatin SN both in saliva and in serum would be

evaluated in migraineurs and non-migraineurs with
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this, followed by the administration of Cystatin SN
perhaps initially by means of topical application to
assess its vasodilatory effect. These effects would
be further analysed both from a laser doppler point
of view and also using the technique of
thermographic imaging which allows non-invasive
assessment of the degree of local vasodilation

produced by the substance.

It is a further object of the present invention to
provide a novel therapy for use in migraine

management or prevention.

Migraine is currently managed in a number of ways.
Although patients are often advised to avoid the so
called trigger factors as detailed above, it is the
inventor’s opinion that this rarely solves the
problem. Drug therapy is a standard way of managing
migraine attacks and by and large there are two main
drug therapies employed. One type of treatment
comprises the administration of prophylactic drugs
which can involve drugs such as beta-blockers which
are given on an everyday basis, but the rationale
and evidence that these are effective is not strong.
The other way in which drugs can be used to treat an
attack is through treating the attack at the acute
stage. The problem with treatment at this stage, is
that by definition the patient has to suffer an
attack before acute drug therapy can be introduced.
Therefore although acute drug therapy has some merit

in reducing the severity of attacks, it is unable to
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10

prevent the frequency of attacks by its very nature

of administration.

There are several disadvantages to current drug
therapies. Firstly, the evidence for prophylactic
anti-migraine drug therapy being effective is not
strong and secondly the role of acute drug treatment
suffers from the limitation that the patient has to
actually suffer an attack before by definition they
can be treated. An additional disadvantage is that
in approximately 50% of such cases, treatment with
the so called triptan drugs, patients suffer a

rebound headache within 24 hours.

The present inventors have shown that the substance
Cystatin SN is intimately linked to attacks of
migraine. This offers the opportunity to
investigate the mechanism by which Cystatin SN
causes attacks of migraine and therefor offers new
drug possibilities as an agent for developing a drug
against Cystatin SN or its receptor or increasing
drug metabolism or excretion or allowing current
drug therapies, some of which are not presently
indicated for use in the treatment of migraine, to
be given at an earlier stage when they perhaps would

be effective.

As there are no current reliable biochemical markers
for migraine and there is some doubt as to the
mechanism by which even acute migraine drug therapy
is effective and as such the present invention in

conjunction with the identification of the Cystatin
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SN molecule offers a different mechanism to prevent

migraine attack.

The present invention thus provides the use of a
Cystatin molecule in developing a treatment for
migraine wherein the treatment is based on an

antagonist of cystatin.

According to the present invention there is provided
a method of treating or preventing onset of migraine
attack, the method comprising the step of
administering an antagonist to the molecule

Cystatin.

Further, said method may extend to preventing
migraine attack through the administration of an
antagonist against any member of the family

comprising Cystatin molecules.

Preferably the antagonist will be directed against

the known amino acid sequence of Cystatin SN.

The invention also provides the use of Cystatin in
the preparation of an antagonist thereto for the

preparation of a treatment for migraine attacks.

The invention thus provides an antagonist to

Cystatin.
The invention further provides the use of an

antagonist to Cystatin in the preparation of a

medicament for the treatment of migraine.
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The invention also provides a ¢DNA clone for
expression and production of Cystatin for use in the

preparation of an antagonist thereto.

The amino-acid sequence of Cystatin is shown in

Figure 1.

Although the inventors do not wish to be bound by
any particular theorm, the present invention may

have the use and advantages as described below.

Prophylactic drug therapy is not effective and as
such was not considered to be a fruitful avenue to
pursue in terms of the mechanism of the drugs
currently against Cystatin SN. However, detailed
studies by the inventors on the effects of Cystatin
SN on blood vessels have shown a relationship to
angiotensin converting inhibitors. Interestingly,
we note from our literature searches that these
drugs are frequently associated with attacks of
migraine. It is therefore proposed to either
administer current acute phase therapies in a
different way following a known prediction of an
attack, or alternatively to look at other drugs
which are effective against antiogtensin converting

enzymes and then therefore Cystatin SN.

Clinical trials would be required to test the
efficacy of current triptan drug therapies against
levels of Cystatin SN to show whether there was any
specific mode of action directed against Cystatin SN

levels or alternatively whether there is any
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indirect action. This work would establish whether
the effect of these drugs is truly via an effect on
antagonism to Cystatin SN. The apparently very long
half-life of Cystatin SN may also partly explain why
in approximately 50% of the patients who treat their
migraine during the acute phase with triptan suffer

a rebound headache.

Although the particular description above and
associated experimental work relates to Cystatin,
potentially any member of the Cystatin family may
show linked effects to the onset of migraine and as
such an antagonist against these would also be

appropriate.

The basis for the invention is described with

reference to the following experiments.

Experiment 1

Relationship between saliva from migraine sufferers

and lack of periodontal disease.

Antibacterial activity of saliva from migraine

sufferers. .
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Table 1
Saliva dilution | Source - non- Migraine Sufferer
in water migraine sufferer
B.frag P.Ging P.Int |[B.frag P.Ging P.Int
1 H N N H N N
0.5 H H N S
0.25 H N M H N M
0.125 H H H H N M
0.0625 H H H H M M
0.03125 H H H H M M
0 Control H H H H H H
No bacteria N N N N N N
Control
H = high levels of bacteria
M = medium levels
S = small level
N = no bacteria
B.Frag = Bacteriodes fragilis
P.Ging = Porphyromonas gingivalis
P.Int = Porphyromonas intermedius

Microtitre wells were inoculated with 5X10% bacteria

per well in 1ml of media.

100ul of

nondiluted/diluted saliva was added as set out in

the table. Wells were monitored after 48 hours for

presence of bacterial growth.
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Saliva from migraine sufferers did not appear to
have an inhibitory effect on Bacteriodes fragilis
but had a significant inhibitory effect on
Porphyromonas gingivalis and Porphyromonas

intermedius.
Experiment 2

The relationship between periodontal disease and

migraine.

Prior to this study little was known about the
relationship between periodontal disease and
migraine. The clinical impression observed by the
present inventors was that significant periodontal

disease was an uncommon finding in patients referred

for management of migraine.

Materials and Methods

Subjects who had been diagnosed as having migraine
were identified from the computerised diagnostic
database of patients referred to the Oral Medicine
Clinic, School of Dentistry, Queen’s University,
Belfast. All subjects were free of medical
conditions or drug therapies known to have an effect
on the periodontium. In this study available
radiographs were used and measurements of bone loss
were made only on sites displaying clear and
complete images of the teeth. Orthopantomographs
were taken with Dupont Ultrafilm using one of three

units OPG5 (Siemens, Bensheim, Germany), by one of
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two senior radiographers both of who had been
trained at the School of Dentistry, Belfast. These
radiographs were processed in a standard manner
using a Durr-Dental AC245L processor (Siemens,
Bensheim, Germany), Orthoceph (Planmeca, Finland) or
Siemens Orthophos plus (Siemens, Bensheim Germany) .
Films were developed with a Agfa-Gevaert Curix 2428

(Agfa, Leverkusen, Germany) processor.

Assessment of radiographs

One investigator examined all the films blinded to
the clinical details of the subjects. Radiographs
were examined under standard conditions of lighting,
using an illuminated light box and x5 magnification.
Alveolar bone levels on the mesial and distal
aspects of each tooth, excluding third molars, were
evaluated from the available radiographs and the
percentage alveolar bone loss was recorded. The
methodology has been previously described by
(Mullally & Linden 1996). Bone loss was assessed as
a percentage of the expected bone height, calculated
to the nearest 10%, using a modification of the 5
point Schei ruler. Where there was any doubt a
surface was assigned the lower value for bone loss.
Each tooth was represented by the score for the
worst affected surface. Third molars were excluded

from the analysis.
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Calibration and Reproducibility

There was a period of training during which
guidelines were developed and as part of the
definitive study measurement reproducibility was
assessed. To ensure that bone loss was consistently
measured 9 randomly selected radiographs were re-
measured. There was exact correspondence of the
original and repeated measurement for 81% of teeth
examined A further 17% of scores were within 10%
and the remaining 2% of scores within 20% of the
original bone loss measurement. This indicated that
the reproducibility of this method of assessing
proximal alveolar bone loss was within acceptable

limits.

Results

The study group (n=60) consisted of three groups of
subjects, twenty with a diagnosis of migraine,
twenty with a diagnosis of toothwear and twenty
controls with neither migraine nor toothwear. All
subjects were non-smokers free from medical
conditions or drug therapy known to have an effect
on the periodontium and the three groups were well
matched for age and gender. The details of the
three groups are described in Table 2. The
distribution of males to females in the tooth wear
group was 3:1. This was different to the migraine

or control group in which females were predominant.
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The mean score for bone loss for the migraine group
was 9.6 (S.D. 6.4) which was statistically
significantly lower than that for either the
toothwear 14.4 (S.D. 6.1; p=0.037) or the control
group 13.8 (S.D. 5.9; p=0.022).

Discussion

Based upon a radiographic analysis of proximal
alveolar bone height in sixty subjects recruited
from hospital clinics our results suggest that the
severity of periodontitis is significantly less in
migraineurs than in either age and gender matched

healthy controls or individuals with toothwear.

The limitations of this study include the fact that
the clinical diagnosis of migraine or toothwear was
made by a number of clinicians who were not directly
involved in the study and the specific criteria for
each diagnosis may exhibit some inter-examiner
variation. Controls were recruited from the
Admissions Clinic in the School of Dentistry on the
basis that they did not give a history of migraine
at that time. The distribution of males to females
was different in the toothwear group compared with
the migraineurs and controls, however this reflects

the prevalence of toothwear in these clinics.

Overall the bone loss experienced by all three
groups were relatively low for their age however the
significantly lower values in the migraine group

compared with controls would merit further
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investigation to investigate the relationship
between migraine and periodontal disease. The fact
that a significant difference was evident in such
small groups may be indicative of a relationship
between migraine and periodontal disease. These
data support the suggestion that migraine has a
putative protective effect on the periodontium. One
possibility was that neuropeptides which mediate
changes found in migraine may spill over into the
mouth. It was speculated that Substance P and
Neurokinin, A which are released during a migraine
attach had a role in protecting against alveolar

bone loss.
It is concluded from this radiographic study that
migraineurs have less alveolar bone loss than

subjects with toothwear or healthy controls.

Table 2: Age and gender distribution of study

population

Status Number Mean Age Males Females
Controls 20 51.7 (8.5) 8 12
Migraine 20 | 47.6 (10.8) |7 13
Toothwear |20 50.2 (9.3) 15 5

Experiment 3

The present inventors used Substance P antisera
initially to determine the levels of Substance P in
saliva from migraineurs. Remarkably high levels

were observed and suggested that the antibody was
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cross-reacting with another/other peptide(s). HPLC
separation was carried out and fractions were dot
blotted and reacted with Substance P antisera.
Reacting fractions were further purified and
sequenced. The sequence of the significantly
reacting peptide was found to correspond to the
peptide sequence of Cystatin SN. Further analysis
indicated that the levels of Cystatin SN are about
ten times higher in migraineurs than non-

migraineurs.
Experiment 4
Triggering Migraine Attacks

The molecular basis of migraine was previously
unknown. Work by the inventors in this area began
with the clinical observation that most migraineurs
woke with a migraine from sleep. This case
considerable doubt on the previously described
relationship between migraine and so called trigger
factors such as the ingestion of cheese, chocolate,
citrus fruits and red wine for two reasons: firstly,
the time scale was too long as patients normally
sleep for 6-8 hours and yet the pharmacological
effects of an ingredient of these substances should
produce an effect within 1—2 hours and secondly,
critical evaluation of the evidence for these

factors actually triggering true migraine is weak.

In view of these observations, investigations were

carried out regarding factors during sleep which
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could conceivably trigger attacks of migraine. The
resulting research identified tooth clenching as the
major problem and this led to an appliance being
devised which obviated tooth clenching during sleep
and in turn prevented attacks of migraine. Indeed
following one year of treatment with such a device,
around 85% of migraineurs suffered no further

attacks.

Whilst deciding on how long a patient had to wear
the appliance in order to permanently alleviate
their migraine, it became clear that a three month
period was too short. Indeed all patients who
discontinued their attacks in that time will
experience an attack of migraine within ten days of
stopping appliance therapy. In essence the
appliance could therefore be used as a mechanism to

trigger migraine in those individuals.

By having a model to trigger migraine attacks, the
constituents of saliva were analysed and this led to
the identification of a peptide which shows two main
features. Firstly the level of this peptide is
about ten times higher in migraineurs than non-
migraineurs and secondly levels rose markedly in the
24 hours before a migraine attack. This peptide was
isolated and sequenced and the sequence was shown to

correspond with the known sequence of Cystatin SN.
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CLAIMS

1. A method for predicting potential migraine
attacks, the method comprising the steps of
establishing a normal level of Cystatin SN for ah
individual and subsequently testing for variations
thereof wherein elevated levels of Cystatin SN

indicate the onset of a migraine attack.

2. A device for use in predicting the onset of
migraine wherein the device measures levels of

Cystatin SN.

3. A device as claimed in claim 2 wherein the
device is in the form of a dipstick which is used to

test levels of Cystatin SN in syliva.

4. A device as claimed in claim 2 or claim 3

wherein the dipstick uses antibodies to Cystatin SN.

5. A device as claimed in claim 2, 3 or 4 wherein
different levels of Cystatin are indicated by

different colours or shades of colours.

6. A method as claimed in claim 1 wherein levels
of Cystatin SN are measured using anti-sense RNA to

mRNA for Cystatin SN.

7. A vasodilatory agent wherein the agent includes
a Cystatin type peptide or an natural or synthetic
peptide which is similar to or based on the sequence

of a Cystatin type peptide.
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8. A vasodilatory agent as claimed in claim 7

wherein the peptide is or is based on Cystatin SN.

9. A vasodialtory agent as claimed in claim 7 or 8
wherein the peptide will include at least 60% of the
amino acid sequence
IIPGGIYNADLNDEWVQRALHPFATISE
Y N.

10. Use of Cystatin SN in the preparation of a
medicament for the treatment of vasodilatory

problems.

11. A c¢DNA sequence which can be expressed to
produce Cystatin or a similar peptide for use in the
preparation of a medicament for the treatment of

vasodilatroy problems.

12. The use of a Cystatin molecule and developing a
treatment for migraine wherein the treatment is

based on an antagonist of Cystatin.
13. The use of an antagonist to Cystatin in the

preparation of a treatment or pharmaceutical to

prevent a migraine attack.
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141 Amino Acid Sequence of Cystatin Molecule
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