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Assay and Method

The present invention relates to assays and methods usetul for
determining the sensitivity of a subject to electromagnetic (EM) radiation
induced, especially uitraviolet radiation (UV) induced, cellular damage. In
particular, the assays and methods have utility in determining a subject’s
sensitivity to sun-induced genetic damage which may potentially lead to
skin cancer. Other related methods and assays are also provided.

UV absorption generates oxygen derived free radicals inducing DNA
damage via the production of a range of photoproducts!’. This process
can change the base pairing abilities of normal DNA resulting in mutations.
It is these mutations that may lead to skin cancers because they disrupt
tumour suppressor genes such as P53, and INK4A2, Free radicals also
play a role in a whole range of other cancers. There is evidence that free
radical related mutations of the ATM (Ataxia-telangiectasia mutated) and
ATR (Rad3-related) genes play a role in lymphomagenesis®®. In terms of
skin cancer, modern travel tfrends and climatic changes have significantly
heightened the exposure of millions of people to UV irradiation and the
incidence of skin cancers. As a result of this, awareness about the
harmful effects of exposure to the sun has increased, and via messages
contained within public awareness campaigns like the “slip slap slop”
programme, exposure to UV irradiation has decreased. Unfortunately,
there is a very odd anomaly associated with this. Despite the heightened
awareness and avoidance of UV exposure, the incidence of skin cancers

has continued to increase!* % ¢,

Skin has an elegant way of coping with UV irradiation. UV exposure '
initially decreases antioxidant activity'"! and after UV irradiation increases

PCT/GB2007/004082
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antioxidant up-regulationt'®, increases melanogenesis and the conversion
of 7-dehydrocholesterol to vitamin D3. Vitamin D3 can then be
hydroxylated directly in the skin by keratinocytes into 26(OH)D, which can
then be further hydroxylated by the keratinocytes into the most active form
of vitamin D, 10-25(0OH)2D13. The antioxidants (including catalase,
superoxide dismutase, glutathione reductase/peroxidase, thioredoxin
reductase/thioredoxin/thioredoxin peroxidase, melatonin and its
metabolites and photodegradants) counter the production of free radicals,
so a decrease in antioxidant activity during UV irradiation is at first
unexpected. It would seem logical to expect antioxidant activity to
increase, thus decreasing the damaging effect of UV induced free radicals.
However, on consideration the decrease in antioxidant activity may be
very important in that it ensures that any free radical-related genomic
damage is lethal to the cell. This would predispose any cell suffering UV
related damage to become terminally differentiated and subsequently
remove itself and its damaged genome from the skin. Associated with this
removal of damaged cells, there is an up-regulation of specific kinases, for
example MAPK (mitogen activated protein kinase) which probably has a
role in aiding the replacement of damaged cells and increasing skin
thickness. In this system the increased melanin production functions as a
sun screen and vitamin D, locally activated in the skin, acts initially as a
site specific anti cancer agent by promoting terminal cell differentiation,
and inhibiting cell proliferation™, which of course further accelerates the
loss of UV damaged cells. 1t is apparent that UVB exposure sufficient to
induce the minimal reddening (minimal erythemal dose, MED) induces the
localised production of vitamin D at a level of 100 times the normal

recommended dose for an adult'®

. Melanin's peak UV absorption occurs
at 335nm!'® in the UVA spectrum and where expected if the system has

evolved to block the most energetic UVA wavelengths. There is also

.evidence that peak UV related vitamin D production occurs in
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keratinocytes at 297nm!""!

, & wavelength located in the UVB tail of the
melanophores UV absorption spectrum. Thus it seems that melanophores
block the most damaging UVA wavelengths, whilst enabling some UVB
related vitamin D production. This system functions via positive and
negative feedback mechanisms and as such can almost be considered as
a self regulating “smart sensor”. As melanin is up-regulated, the skin tans,
this then blocks UV-related cell damage and also decreases vitamin D
production, whilst at the same time enabling antioxidant activity to
increase again. Unfortunately it is possible to overload this system, thus

additional UV protection becomes important.

A key issue in providing the required UV protection is the determination of
individual sensitivity to the sun. This is difficult to achieve, and is currently
done using qualitative methods involving looking at skin type (type 1-5),
skin, hair, eye coloration, looking at family history and iﬁcidence of skin
cancer, and by counting the number of moles already present on the skin.
However, sensitivity is probably at least partially genetically governed, so
what is required is a quantitative assay that can define an individuals

genomic sensitivity to the sun.

Sun creams block UVA and UVB. UVB has a low penetrance in skin, just
about extending to the basal layer of the epidermis, it promotes tanning
and provides one of the major sources of vitamin D. UVB directly
produces hydrogen peroxide in the skin in a dose dependent manner and
also causes damage in skin cells and lymphocytes!'®'®. It is probable that
the majority of commercially available sun creams block vitamin D
production. UVA has a much higher penetrance of skin, it promotes
tanning and also has a damaging effect on the genome of skin cells, but
UVA has no effect on vitamin D concentrations. There is epidemiological
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evidence that worldwide, UVA exposure is more closely associated with
the incidence of melanoma than UVBEY,

Historically, sun creams have focused on UVB because UVB induces the
skin reddening associated with overexposure. UV sun creams are tested
and SPFs (Sun Protection Factor) calculated by determining the time it
takes to induce this minimal reddening in fair skinned type one individuals.
This provides limited information about the damaging effects of UVA. This
is a problem that may be overcome by the modern generation of
suncreams aimed at blocking both UVA and UVB, however it would be
very useful if these new systems were assayed in relation to their ability to
directly block genomic damage. Indeed, there is currently no satisfactory
way of assessing the performance of such sun creams in preventing UV-
induced genomic damage.

Current means of predicting susceptibility to UV induced skin damage
(e.g. melanoma) are primarily based on determination of the presence of
certain mutations in genes associated with UV sensitivity. The problem
with such assays is that they are, by their nature, currently restricted to a
relatively small number of genes identified as having a role in skin cancer.
It is extremely unlikely that all genes involved in UV sensitivity will be
identified in the near future and, even if they were, it would be an onerous
task to examine each and every one for deleterious mutations. There will
always be doubt with such assays as to whether other contributing factors,
be they undiscovered genes or unrelated mechanism, have a role in
cellular UV sensitivity.

Although UV is of particular interest, being a significant factor in skin
cancer, other types of electromagnetic radiation are also of interest. For
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other types of EM radiation on cells are currently not well understood.

Thus there is a need for assays which may be used to quantitatively
evaluate the sensitivity of an individual to genomic damage by EM
radiation, especially UV radiation, and that might also provide a means to
assay the efficacy of sun creams or other protective materials in

preventing such damage.

Over the past decade, the Comet assay, or single—cell gel electrophoresis
assay has become one of the standard methods for assessing DNA strand
breaks in cells!”l. Cells embedded in agarose on a microscope slide are
lysed with detergent and high salt concentration to form nucleoids
containing supercoiled loops of DNA linked to the nuclear matrix.
Electrophoresis at high pH>13®! results in structures resembling comets,
observed by fluorescence microscopy in which the intensity of the comet
tail relative to the head reflects the number of DNA strand breaks and
alkali labile sites. Loops containing a break lose their supercoiling and
freely move towards the anode!®. Thus the Comet assay provides a

means of determining genomic damage.

In a first aspect the invention provides a system for performing an assay to
determine the sensitivity of the cells of a subject to genetic damage from
electromagnetic radiation, the system comprising:

a substrate suitable for mounting a sample of lymphocytes from
said subject;

a mounting medium, suitable for performing electrophoresis, for
mounting said sample of lymphocytes, said mounting substance being on

said substrate;
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an electromagnetic radiation source; and
an electromagnetic radiation-permeable barrier material interposed
between the substrate and the electromagnetic radiation source,

wherein the electromagnetic radiation-permeable barrier is a
substance which allows at least a portion of the electromagnetic radiation
to pass through it to the sample of lymphocytes;

wherein the electromagnetic radiation-permeable barrier is a
laminate structure composed of layers of the same or differing materials
and wherein the electromagnetic radiation-permeable barrier has regions
of different thickness, in the form of different numbers of layers being
present, said regions being arranged to assess the penetrative effects of

the radiation relative to thickness.

In a second aspect the invention provides a method of assaying the
sensitivity of cells of a subject to genetic damage from electromagnetic
radiation, the method comprising:

mounting a sample of lymphocytes from said subject in a mounting
substance suitable for performing electrophoresis provided on a substrate;

providing an electromagnetic radiation-permeable barrier on the
sample of lymphocytes, wherein the electromagnetic radiation-permeable
barrier is a laminate structure composed of layers of the same or differing
materials and wherein the electromagnetic radiation-permeable barrier has
regions of different thickness, in the form of different numbers of layers
being present, said regions being arranged to assess the penetrative
effects of the radiation relative to thickness;

irradiating the sample of lymphocytes with electromagnetic
radiation; and

detecting genetic damage in at least a portion of the sample of

lymphocytes.
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In a third aspect the invention provides the use of a system of the first
aspect in a method of determining the predisposition of a subject to

developing cancer or in diagnosing cancer in a subject.

In a fourth aspect the invention provides the use of a method of the
second aspect in a method of determining the predisposition of a subject

to developing cancer or in diagnosing cancer in a subject.

It is to be noted that, throughout the description and claims of this
specification, the word 'comprise' and variations of the word, such as
‘comprising' and 'comprises’, is not intended to exclude other variants or
additional components, integers or steps. Modifications and
improvements to the invention will be readily apparent to those skilled in
the art. Such modifications and improvements are intended to be within

the scope of this invention.

Any reference to or discussion of any document, act or item of knowledge
in this specification is included solely for the purpose of providing a context
for the present invention. It is not suggested or represented that any of
these matters or any combination thereof formed at the priority date part of
the common general knowledge, or was known to be relevant to an

attempt to solve any problem with which this specification is concerned.

According to the present invention there is also provided an assay to

determine the sensitivity of the cells of a subject to genetic damage from

electromagnetic (EM) radiation, the assay comprising:

— a substrate suitable for mounting a sample of lymphocytes from said
subject; and

— an EM radiation source.

Preferably the source of EM radiation is a source of UV radiation.
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It has been discovered that an assay in which lymphocytes are exposed to
UV radiation provides a very good indication of the cellular sensitivity of a
subject to UV-induced genetic damage. The results of an assay on
lymphocytes shows a remarkable correlation with the sensitivity of a
subject’s skin to UV-induced damage and thus provides a useful basis for
advising on sun protection and other UV avoidance measures. Thus the
assay is preferably suitable for determining the sensitivity of skin cells of a
subject. The assay according to the present invention not only enables
the quantitative evaluation of individual genomic sensitivity to the sun, but
can also be used to assess the genomic protective qualities of new sun

creams or other protective materials or compositions.

The assay preferably comprises a sample of lymphocytes from said
subject mounted on said substrate. There is a significant advantage in
using lymphocytes rather than skin cells (e.g. melanocytes or
keratinocytes) in such an assay; skin cells are generally difficult to obtain,
requiring a biopsy of some sort (e.g. a punch biopsy), whereas a blood
sample is very easy to obtain (e.g. through standard phlebotomy, a pin
prick or, conveniently, obtained when blood is donated). Additionally, the
techniques used for the isolation of lymphocytes is routine.

By the term lymphocyte it is meant that any large granular lymphocytes
and/or the small lymphocytes may be used in the present assay. In
particular, natural killer cells and/or T and/or B lymphocyte may be used.
Suitably a mixture of 70% to 80% large granular lymphocytes and small
lymphocytes and 15% to 30% monocytes may be used.

Generally the substrate has a planar surface for mounting the cells. It will
typically be made of a material which is bio-compatible with lymphocytes
and is substantially resistant to EM radiations damage at the frequency
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and intensity used in the assay, e.g. UV resistant. Suitable substrates
include a glass, plastic or metal slide, or a silicon chip. A preferred
substrate is glass, such as a glass microscope slide or the like.

It should be noted that there is often a need to automate and increase
throughput of assays and, in that case, a suitable substrate may be a
microfluidics-based array or microarray of some type, for example a spot
array on a glass slide or a silicon chip. Thus, the present assay is readily
amenable to such automation.

Suitably the lymphocytes are mounted on the substrate in a mounting
medium, and accordingly the assay of the present invention may comprise
a mounting medium. The mounting medium may be any substance which
is substantially permeable to EM radiation (typically UV) and which is
suitable for lymphocytes to adhere to, or reside within, without causing
significant damage to said lymphocytes. A particularly suitable mounting
medium is agarose gel, though other gels, culture media or suchlike
known in the art of cell handling or culturing, may be equally suitable.
Mounting the lymphocytes in such a medium has an advantage in that it
replicates to some extent the anatomical reality that cells are embedded
below the surface of the skin. Furthermore, when a test substance such
as a sun cream is applied on top of such a medium it will tend to be
partially absorbed by the medium, thus mimicking the way sun cream is
partially absorbed by the skin.

It is generally preferred that the cells are contained predominantly within
the mounting medium. This is readily achieved when the cells are
suspended or embedded in agarose gel or other such gels.
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It is particularly preferred that the cells are mounted in a medium which is
suitable for performing electrophoresis. Agarose gel is, of course,
particularly suitable for this purpose, as may be other gels such as
polyacrylamide or alginate. Such a medium allows a comet assay,
preferably a 3D comet assay, to be conveniently used to determine the
extent of genetic damage to said cells following EM radiation exposure.

Suitably the mounting medium is agarose gel of, having from 0.1 to 5 %
agarose concentration. More preferably the mounting medium is low
melting point agarose (LMA - available, for example, from Invitrogen).

Suitably the assay comprises an EM radiation-permeable (typically UV-
permeable) barrier material suitable to be interposed between the sample
of lymphocytes and the ultraviolet radiation source. Such a barrier is
valuable in that it may serve to replicate the shielding or absorbing
function of the outer layers of skin which lie above the living skin cells in a
subject. The EM radiation-permeable barrier is typically a substance
which allows at least a portion of the radiation to pass through it to the
sample of lymphocytes. The role of the barrier is to emulate to some
extent the upper layers of the skin which absorb at least a portion of ihe
sun’s radiation. The barrier may be made of any suitable material which
may be formed into a layer and which allows a portion (e.g. from 1 to 99%,
more preferably from 10 to 90%) of EM radiation to pass therethrough. In
a laboratory setting suitable materials include gels, for example an
agarose gel, a polyacrylamide gel, an alginate gel or other such gel. A
particularly preferred gel is a low melting point agarose (LMA) gel which
can be formed on top of the sample of lymphocytes once they have been
mounted on the substrate. It is generally convenient if the EM radiation-
permeable barrier material is formed from the same substance as the
mounting medium. An alternative material which would emulate the role of
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the surface layers of skin is a sample of real or artificial skin, optionally
impregnated with keratin or melanin.

In one embodiment the EM radiation-permeable barrier is built up as a
laminate structure composed of layers of the same of differing materials.
Suitably the barrier is made up of layers of from about 10 pm to 100 ym in
thickness to give a total barrier thickness of from about 10 um to 1000 pm.
The layers are conveniently made of agarose gel or other suitable gel
materials.

In a preferred embodiment the assay comprises from 1 to 10 layers of an
EM radiation-permeable barrier, each layer being from 10 ym to 100 gm
thick. The assay may suitably comprise a plurality of lymphocyte samples
each having a different thickness (e.g. number of layers) of EM radiation-
permeable barrier provided on them. The total thickness of barrier(s) thus
suitably ranges between 0 ym and 1000 pm thick, preferably from 10 ym
to 500 ym. By varying the thickness of the EM radiation-permeable
barrier, the penetrative effects of the EM radiation can be assessed.
Regions of varying thickness of UV-permeable barrier may be provided on
the same substrate.

Using such an EM radiation-permeable barrier allows additional
information regarding the sensitivity of the cells to be obtained. The
manner in which the UV-induced damage is reduced as the thickness of
the barrier increases seems to vary between different subjects. For
example, cells which are obtained from melanoma patients do not show a
typical depth related reduction in UV-induced genetic damage. Other
patterns of changing sensitivity relative to depth for certain cell types can
be observed. This effect is of significant diagnostic value.
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Furthermore, using a number of different thicknesses of EM radiation-
permeable barrier effectively provides an internal control. By observing a
pattern of changes relative to depth, rather than simply an absolute value
for damage at a single depth, it is possible to establish that the assay has
performed correctly. An error such as an excessive radiation dose would
effect the pattern and be clearly identifiable, whereas if a single value were
taken, there would be no way of identifying such an error. Systems of
internal control are extremely important in diagnostic assays where the
reliability of the result is paramount.

The UV radiation source is suitably able to emit UV radiation at least
partially within the range of UV present in solar radiation. The UV
radiation source may sulitably be able to emit both UVA (380-315 nm, also
called Long Wave or "blacklight" UV) and UVB (315-280 nm, also called
Medium Wave UV). However, in some embodiments it may not be
necessary for the UV radiation source to emit radiation across such a
broad range, and accordingly a source of either UVA or UVB only, or
indeed even UV of a narrow range of wavelengths, may be perfectly
suitable for use in the assay. In one suitable embodiment the UV radiation
source emits UVA, which is particularly suitable as it is UVA which is
understood to be the most closely linked with the incidence of melanoma.
In this case an exemplary suitable UV source is a UV lamp such as the
Waldmann UVA lamp (Athrodax Healthcare International Lid) though other
such lamps are widely available. It may, however, be preferred that the
UV radiation source is able to substantially mimic the UV spectrum and
intensity of solar radiation experienced at the Earth’s surface (this would of
course vary at different altitudes, latitudes and other deferring
environmental conditions).
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In one embodiment the assay comprises means to detect genetic damage
in said lymphocytes. A number of such means are well known in the art.

in one preferred embodiment the means to detect genetic damage is
means to perform a comet assay, more preferably a 3D comet assay.
Such means may comprise, for example, a lysing agent to lyse the
lymphocytes and an electric source adapted to generate an electric field
across at least a portion of a medium in which the cells are mounted.

Alternatively the means to detect genetic damage may be adapted to
detect specific mutations in the sample of lymphocytes. Suitable means
may include, for example, hybridisation assays, PCR based assays (e.g.
PCR apparatus and suitable primers to analyse an area of interest) and in

vivo/in vitro assays.

Of course, it will be understood that there are many means for detecting
specific or non-specific genetic damage in cells, many of which will be
suitable for use in the present invention, and the above are recited solely
as exemplary of what is currently envisaged as being the most suitable for
use in the present invention.

Suitably the subject is a mammal, preferably a primate, particularly a
human.

The assay may further comprise means to provide a test substance
between the sample of lymphocytes and the EM radiation source.
Suitable test substances include a sun cream or sun block, a layer of
fabric, polymer or glass. Particularly envisaged are fabric for clothing and
polymeric or glass lenses for glasses. The means to provide the test
substance may conveniently be the surface of the mounting medium, e.g.



10

15

20

25

30

WO 2008/050134 PCT/GB2007/004082

12

for the application of a fluid test substance, e.g. a cream or lotion. Such
fluid test substances may alternatively be applied to a substrate such as a
glass slide or other UV-permeable surface, though this is generally less
preferred as such substrates are generally not able to allow a portion of
the test substance to be absorbed, as is the case in reality with skin.
Alternatively, the means may be a frame, platform or other such substrate
to mount a solid test substrate.

The assay may further comprise a test substance providence between the
sample of the lymphocytes and the UV radiation source.

In a further aspect the present invention provides a method of assaying

the sensitivity of cells (especially skin cells) of a subject to genetic damage

from electromagnetic (EM) radiation, the method comprising:

— mounting a sample of lymphocytes from said subject on a substrate;

— irradiating the sample of lymphocytes with EM radiation; and

— detecting genetic damage in at least a portion of the sample of
lymphocytes.

Preferably the EM radiation is UV radiation.

The sample of lymphocytes may conveniently be mounted on said
substrate in a mounting medium as set out in more detail above.

The method preferably comprises providing an EM radiation-permeable
barrier on or adjacent to the sample of lymphocytes. Accordingly, in this
embodiment, the EM radiation irradiates the cells through the EM
radiation-permeable barrier. The step of providing EM radiation-
permeable barrier may comprise of providing one or more layers of the
barrier material on the mounted sample of lymphocytes. Accordingly, the
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thickness of the EM radiation-permeable barrier can be determined by the
number of layers provided.

Generally non-specific genetic damage or genetic damage at a particular
site or region may be detected. In general it is preferred if non-specific
genetic damage is detected as this will provide an indication of overall
genetic damage. In a particular preferred embodiment the method
comprises detecting genetic damage via a comet assay, more preferably
via a 3D comet assay in which genetic damage can be assayed in situ in
the mounting medium.

Alternatively, or additionally, genetic damage may be detected at particular
sites or regions in the genome. Sites or regions of particular interest may
be those containing or which are associated functionally or positionally
with tumour suppressor genes (TSGs) or oncogenes, particularly those
associated with skin cancer. Relevant TSGs or oncogenes will be
apparent to the person skilled in the art, but example would be the TSGs
encoding p-53, INK4A and pRb, and the oncogenes src and ras. Other
genes which may be of interest include ATM and ATR.

The length of time the lymphocytes are exposed to the EM radiation is not
generally critical, and will depend on the intensity and type of the EM
radiation and the amount if EM radiation absorbed by mounting medium,
EM radiation-permeable barrier and the like. However, it should be noted
that the period should be sufficient to generate detectable levels of genetic
damage within the sample of lymphocytes, but not so extreme that the
cells are damaged to such an exient that sensitivity of the assay is
reduced, e.g. if the samples is so damaged that it is not possible to
determine differences between different skin types. Generally the level of
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exposure should be sufficient to induce levels of genetic damage which
are detectable, especially through a comet assay.

The method may comprise obtaining a sample of lymphocytes from a
subject. This may be achieved by taking a blood sample or, conveniently,
by taking a sample from donated blood.

The method may further comprise comparing the genetic damage of the
test sample with a set of predetermined values to asses the subject’s
sensitivity to EM radiation-induced genetic damage relative to a standard
or average value, or set of values. This effectively allows the subject to be
graded depending on their relative skin sensitivity and advised accordingly
on what protective or prophylactic measures may be required to prevent or
reduce excessive cellular damage.

The method may further comprise providing an EM radiation-permeable
barrier, essentially as described previously.

The method may further comprise providing a test substance, essentially
as described previously.

In a further aspect, the present invention provides an assay to determine

the ability of a test substance to prevent EM radiation induced damage to

the cells of a subject, the assay comprising;

— a substrate suitable for mounting a sample of lymphocytes from said
subject;

—.a source of EM radiation; and

— means for providing a test substance between said EM radiation
source and said substrate.
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Other optional features of the assay, e.g. EM radiation-permeable barrier
and suitable mounting media etc. are as described earlier.

In a further embodiment the present invention provides a method of

determining the ability of a test substance to prevent EM radiation induced

damage to the cells of a subject, the method comprising:

— mounting a sample of lymphocytes from said subject on a substrate;

— providing an EM radiation source;

— providing a sample of said test substance between said EM radiation
source and said sample of lymphocytes;

— activating said source of EM radiation such that said test substance is
irradiated and radiation passing through said substance irradiates said
sample of Iymphocytes; and

— detecting genetic damage to the lymphocytes.
Preferably the test substance is a sun cream or sun block.

Alternatively the test substance may be a layer of fabric, polymer or glass.
Particularly envisaged are fabric for clothing and polymeric or glass lenses
for glasses. However, it will be understood that the present method and
assay is suitable for determining the ability of essentially any material for
its protective effect against UV damage.

The sample of test substance may conveniently be applied to the surface
of cells mounted on the substrate, for example spread or placed on the
surface of a mounting medium.

In a further aspect the present application provides the use of an assay or
method as described above in a method of determining the predisposition
of a subject to developing cancer or in diagnosing cancer in a subject.

PCT/GB2007/004082
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In a preferred embodiment, the method is for the determining the
predisposition to developing, or diagnosing, a skin cancer, especially

melanoma.

The method may suitably involve comparing the results of the assay with
predetermined values, or patterns of values, and determining from the
comparison the relevant result.

Although the assay has been shown to have powerful diagnostic value in
relation to melanoma, it has also been shown that it’s utility extends
beyond this into other forms of cancer.

The present invention will now be further described, by way of example
only, with reference to the following examples and the accompanying
figures in which:

— Figs 1a and 1b show a graph of UV damage for a number of different
skin types relative to their depth (in pm) in agarose gel.

— Fig. 2 shows the 95% CI plot for UV exposure related comet tail
moment (with 50 cells per treatment repeated twice, n = 100) for
lymphocytes embedded in different depths of agarose.

— Fig. 3 shows a 95% ClI plot for the comet tail moment for human
melanocytes embedded in an agarose gel without UV exposure
(Control), cells embedded in the second layer of an agarose gel at a
depth of 91pm and exposed to UVA (UV) for 15 minutes and cells
embedded in an agarose gel and protected by Sun cream A and Sun
cream B.

— Fig. 4 shows a graph of the UVA /depth related Comet tail moments of
freshly collected lymphocytes derived from diagnosed melanoma (Mel)

PCT/GB2007/004082
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patients, suspected melanoma patients (SCP), Black African, Asian and
Caucasian subjects.

Example 1 - Skin Type Assay

This experiment was performed to demonstrate the potential for an
assessment of lymphocytes to indicate the sensitivity of a subject’s skin
cells to UV-induced damage.

Methods

To test this the genomic responses to UVA of lymphocytes was assessed.

The lymphocytes were derived from:

— Melanoma patients.

— Skin type 5 individuals (Black African subjects who never burn but
always tan).

— Skin type 1and 2 subjects (Caucasian subjects who always burn, but
never tan (1), or tan slowly (2)).

The lymphocytes derived from the Black African subjects can be
considered as being representative of the lowest sensitivity to UV related
genomic damage, whilst the lymphocytes from skin type 1 and 2 subjects
functions as a measure of the upper normal genomic UV sensitivity. As a
negative control lymphocytes were embedded in the gel at a depth of
100pum and processed without UVA irradiation.

The lymphocytes were embedded at different depths in an agarose gel.
The assay was carried out essentially as set out for the depth of
penetration assay which is described in Example 2. The methods are not
repeated here for brevity.
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Results

The results of these experiments showed that even with blood samples
collected from a relatively small number of subjects (11 subjects per sub
group), there were significant differences between the responses to UV
irradiation of cells derived from the skin type 1 and 2 subjects, the skin
type 5 subjects and the melanoma patients (Fig. 1a and Table 2). Of the
three subgroups, the lymphocytes from the skin type 5 subjects showed
the lowest sensitivity in relation to UV irradiation, whilst the lymphocytes
from the skin type 1 and 2 subjects showed a significantly increased (P <
0.01) comet tail moment in response to UVA irradiation. However, both
the lymphocytes from the healthy skin type 1 and 2 and skin type 5
subjects displayed comet tail moments that declined significantly (P =<
0.01) in relation to depth in the gel. In comparison, the lymphocytes
derived from the melanoma patients showed a greatly increased mean
comet tail moment in response to UVA irradiation which did not decline
significantly in relation to depth in the gel.

However, the melanoma patients also showed an elevated control mean
comet tail moment of almost twice that of the skin type 1 and 2 and skin
type 5 subjects. This may reflect the fact that the melanoma patients were
in receipt of treatment, or that the melanoma patient samples had been
stored for up to 6 months in liquid nitrogen, both factors may have
increased the background genomic damage. To correct for this, the mean
increase in comet tail moment for the melanoma patients control treatment
was calculated and subtracted from the comet tail values for the control
and depth related UV exposure treatments of lymphocytes derived from
the melanoma patients (Fig. 1b). This correction had little effect on the
overall trend, melanoma patients still had a significantly increased UV
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related mean comet tail moment when compared with the skin type 1 and
2 subjects (P < 0.01), which did not decline greatly when compared with
the mean comet tail moments of lymphocytes derived from skin type 1 and
2 subjects and skin type 5 subjects.

Interestingly some anomalous data was acquired, indicating very strongly
that sensitivity to UV irradiation cannot be simply assessed from
phenotype (Skin, hair and eye colour). One skin type 1/2 subject
displayed a genomic response as determined via the comet tail assay that
looked very similar o a melanoma patient’s response. On questioning it
was discovered that this subject had had a pre-cancerous mole remaoved.
Also one phenotypically skin type 5 individual showed a genomic response
to UV that looked very similar to a skin type 1 and 2 individual. On
guestioning it was discovered that this subject originated from the
Caribbean. In the Caribbean the population is mostly of mixed race, thus
it is probable that this subject although having a very dark skin had
inherited a gene resulting in an increased sensitivity to UV irradiation.

The variation in individual sensitivity to UV irradiation is probably
associated with inherited genetic mutations associated with the up or
down regulation of proteins that play a role in the genomic repair
mechanism. One would assume that these mutations arose in the
Caucasian population and as such have, up until relatively recent
evolutionary history, been confined to this group. This may no longer be
the case.

Table 1 - Mean comet tail moments from melanoma patients, skin type 1
and 2 subjects, skin type 5 subjects and the corrected melanoma patients.
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Variable No of Mean comet tail SE
subjects moments

Melanoma control 11 4.25 0.46
Melanoma 100um 11 12.26 1.09
Melanoma 200pm 11 11.76 0.94
Melanoma 300pum 11 12.91 1.28
Melanoma 400pum 11 11.89 1.37
Skin type 1&2 control 11 1.70 0.23
Skin type 1&2 100pum 11 6.89 0.34
Skin type 1&2 200pm 11 5.81 0.45
Skin type 1&2 300pm 11 4.53 0.42
Skin type 1&2 400pym 11 4.29 0.50
Skin type 5 control 11 1.47 0.19
Skin type 5 100pm 11 4.51 0.29
Skin type 5 200pm 11 3.81 0.28
Skin type 5 300um 11 3.29 0.25
Skin type 5 400um 11 2.65 0.28
Corrected melanoma control 11 1.59 0.46
Corrected melanoma 100pym 11 10.59 1.09
Corrected melanoma 200pm 11 9.10 0.94
Corrected melanoma 300pm 11 10.24

Corrected melanoma 400pum 11 9.23 1.40

Discussion

These preliminary experiments strongly suggest that melanoma patients
have an increased sensitivity to UV related genomic damage and that this
heightened sensitivity can be determined via the lymphocyte assay. The
data also strongly indicates that one cannot rely on phenotype (skin colour
etc) to predict UV sensitivity and that individuals who by skin coloration
would be considered to be at low risk, genetically may in actual fact be at
high risk. This is of particular importance and clearly shows the need for
an assay that can be used to quantify individual susceptibility to UV
induced melanoma. The present assay fulfils this requirement and may in

the long term play a very significant role in reversing the ever-increasing
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incidence of melanoma in the population. The present assay provides a
very useful tool in better informing individuals of their specific risks of skin
cancer. The assay is remarkable in that it uses a non-skin cell to
determine the sensitivity of a subject’s skin to UV damage. This makes
the assay simpler and less invasive than one which involves obtaining skin
cells. Additionally, the assay, by virtue of not using skin cells, is not
significantly affected by recent skin exposure to UV, and thus provides a

true indication of inherent skin sensitivity.

The assay is remarkable as it exploits an unexpected correlation between
UV sensitivity in different cell types, particularly lymphocytes and skin
cells. This correlation is unexpected, and suggests that there is a
common system running throughout cells to mitigate UV-induced damage.
This is surprising as one would naturally expect that only skin cells would
be under pressure to exhibit such mechanisms of defence.

Example 2 - Depth of UV penetration in relation to comet tail moment

This experiment was performed to asses the role of depth of cells within
agarose (i.e. a UV-permeable barrier) relative to UV-induced genetic
damage.

Methods

12 superfrosted 76 x 26mm slides (BDH) were sterilised in 70% ethyl
alcohol and flamed. Each slide was dipped in 1% normal melting point
agarose (NMA, Invitrogen) and wiped to remove the agarose from the
underside. The slides were air dried overnight at 500°C. Twelve
eppendorf tubes with 100 pl of 20,000 celis/ml of a human lymphocyte

PCT/GB2007/004082
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suspension were prepared and equal volumes of 1% low melting point
agarose (LMA, Invitrogen) was added to each. 100 pl of the cell
suspension/LMA mixture from each eppendorf was placed on each NMA
agarose pre-coated slide. A 22 x 50 mm coverslip was used to flatten the
LMA/cell agarose layer before each slide was transferred to an ice block.
After five minutes the coverslip was removed and a further 100 pl layer of
0.5 % LMA was added to each slide and a cover slip was once again used
to flatten the LMA resulting in this building up to 91 pm deep. Additional
layers of LMA were added to build up agarose layers of 182 pm, 273 pm
and 364 pm over the cells. The coverslips were removed and discarded
and 2 slides were used to generate controls (no UV irradiation), the
remaining 10 slides (2 slides per agarose thickness) were exposed to UVA
for 15 minutes via a Waldmann UVA lamp (Athrodax Healthcare
International Ltd) at a mean sample surface intensity of 1.53 + 0.01
mWecm?. The mean intensity of the applied UVA light was determined by
measured UVA intensity using a Waldmann Variocontrol UV meter
(Athrodax Healthcare Internatiol Ltd) from 10 different positions under the
UVA lamp.

After UVA treatment the slides were transferred to a lysing solution at pH
10 (2.5M NaCl, 100mM EDTA and 10mM Tris buffer all made up o 700ml
and then supplemented with 1% Triton X-100 and 10% DMSO (SIGMA))
and incubated overnight at 4°C. After incubation, the slides were rinsed in
distilled water and placed in an electrophoresis tank filled with buffer
(consisting of 60M NaOH + 200mM EDTA + distilled H20 at pH 10) and
left in the fridge for thirty minutes to allow unwinding of the DNA. The
slides were subjected to electrophoresis for 30mins at a constant voltage
(25V).
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The slides were finally transferred to a washing tray and given three
washes at intervals of five minutes with a neutralising buffer (0.4M Tris pH
adjusted to 7.5 with HCI) and stained with ethidium bromide (20pg/mi -
Invitrogen). Comets tail moments were determined by transferring the
slides to a fluorescent microscope (Lieca DMLB) and viewed via a 20X
epi-flourescent objective (Lieca). Digital images were acquired via a
Kinetic Imaging K2 CCD camera and 100 comet tails per treatment were
automatically scored using Komet 4 (Kinetic Ltd. Liverpool). Statistical
analyses were performed using MINITAB.

Results

The 3D Comet assay consists of a system in which cells are embedded in
multiple layers of agarose, thus allowing examination of the UV related
genomic damage in relation to depth of UV penetration. This was tested
with a modified assay with human lymphocytes (Fig. 2), irradiating cells on
the surface of the gels, and embedded in 91um, 182um, 273pm and
364pum thick layers of agarose and examined at comet tail moments
associated with each treatment against a control (no UVA irradiation). As
expected, it was found that UV related genomic damage decreased in
relation to depth of agarose, such that, by a depth of 273um comet tail
moment had returned to control levels. The resulis are summarised
below. Similar results have been shown with frozen/thawed lymphocytes
and cells from the HaCat keratinocyte cell line (data not shown).
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Table 2 — Summarised data from UV penetration assay

Position | Comment Mean comet tail moment £ S.E
Top no additional layers of agarose 4.35+0.28
2nd 91pm thick layer of agarose 4.00+0 .31
over the cell layer
3rd 182pm thick layer of agarose 265+ .23
4th 273um thick layer of agarose 1.03+0.15
5th 364pum thick layer of agarose 0.65 + 0.05
Control | no UV irradiation 1.04 £ 0.07

Example 3 - Sun cream treatment

This experiment was performed to evaluate the efficacy of two
commercially available sun creams (both SPF 30 and designed to block
UVA and UVB) in preventing UV-induced genetic damage.

Methods

16 superfrosted 76 x 26mm slides (BDH) were prepared and human
melanocytes were embedded in agarose at a depth of 91pm as described
above. NB, although melanocytes aré used in the present exampile, it
would be preferable, and perfectly feasible, to use lymphocytes. To
assess the blocking abilities of the two commercially available sun creams,
100y of each sun cream was applied to the gel surface of 4 coated slides
per sun cream whilst they were maintained at 4°C. The 8 slides were UVA
irradiated, incubated and scored as above. 4 negative controls were
produced by embedding, incubating and scoring in the absence of UVA
and 4 positive controls were generated by UVA irradiation in the absence
of any sun cream. Scoring of 200 cells per treatment was achieved as
described above.

Resulis



10

15

20

25

30

WO 2008/050134 PCT/GB2007/004082

25

Human melanocytes were then used in the assay embedded at a depth of
91pum to assess the efficacy in relation to UVA protection of two well
known “Kids” sun creams (sun cream A and sun cream B), both claiming
an SPF of 30 and an ability to block UVA and UVB. Reproducible
experiments (Fig. 3) with 100 cells per treatment (two slides with 50
scored cells per slide) repeated twice (n=200) showed that the negative
control (Control), non-UVA exposed human melanocytes, had a mean
comet tail moment of 1.39 £ 0.10. In comparison, the positive control
(UV), UVA exposed cells, showed a mean comet tail moment of 5.50 £
0.31. When compared with positive and negative controls these
experiments showed that the application of sun cream A returned the
comet tail moment to negative control levels, 1.38 + 0.10, whilst sun cream
B did not, resulting in a mean comet tail moment of 2.34 + 0.14. Analyses
of data pooled from 4 separate slides per treatment can lead to another
view of the data!'?, thus the data was also interrogated by acquiring the
mean comet tail moments for each slide and calculating the mean of the 4
means per treatment. This method of analyses has no effect on the
calculated means, but can greatly change the standard errors. By doing
this it was found that the standard error for the control treatment remained
unchanged at 0.10, but the standard errors for the UV exposed, sun cream
A and sun cream B increased to 0.91, 0.14, and 0.18 respectively.
However, these increases in standard errors made no difference in terms
of interpreting the data. The mean comet tail moments for the negative
control and sun cream A remain insignificantly different from one another,
whilst the mean comet tail moments for the negative control, the positive
control and sun cream B are all significantly different from one another.
Although only two sun creams were compared, these results strongly
suggest that UVA/UVB blocking sun creams with supposedly the same
SPFs provide different levels of UVA protection.
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Example 4 — Further Skin-Type Assay Investigations

Further tests were conducted to assess the effects of UV irradiation on
lymphocytes embedded at different depth using lymphocytes freshly
collected from suspected melanoma patients. The inventors examined the
effects of UV irradiation via the comet assay using lymphocytes derived
from Caucasian (n=20), Asian (n=20) and Black African subjects (n=20),
and lymphocytes freshly collected from suspected melanoma patients
(SCP, n=22). Of this last group, eight were subsequently diagnosed as
suffering from melanoma and were thus considered separately from the
suspected melanoma patients. As a negative control, lymphocytes were
embedded in the gel at a depth of 100pum and processed without UVA
irradiation. The resulis of these experiments indicate that lymphocytes
from melanoma patients have significantly greater sensitivities to UV
irradiation than lymphocytes derived from suspected, but non-melanoma
patients, Caucasians, Asians and Black African subjects and that this
sensitivity, initially declined in relation to the depth before increasing again
at depths of 400um in the gel. The suspecied melanoma patienis in
comparison displayed a lower sensitivity to UVA irradiation, but this
sensitivity did not decline significantly in relation to depth, and at depths of
300 and 400um were lower but statistically similar to the responses of
lymphocytes derived from the melanoma patients (Fig. 4). The
sensitivities of lymphocytes derived from the Caucasian, Asian and Black
African subjects were all significantly different from one another, but unlike
the suspected melanoma patients and the confirmed melanoma patients,

their Comet tail moments declined significantly in relation to depth in the
gel.
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These resulis strongly indicate that there is a correlation between the

incidence of melanoma and increased UVA sensitivity as assessed by the

assay of the present invention, and that the assay can be used to identify

those at increased risk of developing melanoma.

Although the experiments detailed above relate primarily to UV radiation, it

is fair to conclude that other types of EM radiation could be assaying in a

similar manner, and their effects on cellular genetic damaged assessed.
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The claims defining the invention are as follows

1. A system for performing an assay to determine the sensitivity of the
cells of a subject to genetic damage from electromagnetic radiation, the
system comprising:

a substrate suitable for mounting a sample of lymphocytes from
said subject;

a mounting medium, suitable for performing electrophoresis, for
mounting said sample of lymphocytes , said mounting substance being on
said substrate;

an electromagnetic radiation source; and
an electromagnetic radiation-permeable barrier material interposed
between the substrate and the electromagnetic radiation source,

wherein the electromagnetic radiation-permeable barrier is a
substance which allows at least a portion of the electromagnetic radiation
to pass through it to the sample of lymphocytes;

wherein the electromagnetic radiation-permeable barrier is a
laminate structure composed of layers of the same or differing materials
and wherein the electromagnetic radiation-permeable barrier has regions
of different thickness, in the form of different numbers of layers being
present, said regions being arranged to assess the penetrative effects of

the radiation relative to thickness.

2. The system of claim 1 comprising a sample of lymphocytes from

said subject mounted in said mounting substance on said substrate.

3. The system of claim 1 or 2 wherein the electromagnetic radiation-
permeable barrier is made up of layers of from about 10 um to 100 pum in

thickness to give a total barrier thickness of from about 10 pm to 1000 um.



17 Feb 2015

2007310641

32

4. The system of claim 2 or 3 comprising a plurality of lymphocyte
samples, each having a different thickness of electromagnetic radiation-

permeable barrier provided on them.

. The system of any one of the preceding claims comprising a means

to detect genetic damage in said sample of lymphocytes.

6. The system of any one of the proceeding claims comprising a test
substance provided between the substrate and the electromagnetic

radiation source.

7. A method of assaying the sensitivity of cells of a subject to genetic
damage from electromagnetic radiation, the method comprising:

mounting a sample of lymphocytes from said subject in a mounting
substance suitable for performing electrophoresis provided on a substrate;

providing an electromagnetic radiation-permeable barrier on the
sample of lymphocytes, wherein the electromagnetic radiation-permeable
barrier is a laminate structure composed of layers of the same or differing
materials and wherein the electromagnetic radiation-permeable barrier has
regions of different thickness, in the form of different numbers of layers
being present, said regions being arranged to assess the penetrative
effects of the radiation relative to thickness;

irradiating the sample of lymphocytes with electromagnetic
radiation; and

detecting genetic damage in at least a portion of the sample of

lymphocytes.

8. The method of claim 7 comprising providing one or more layers of

the barrier material on the mounted sample of lymphocytes.
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9. The method of claim 7 or 8 wherein the electromagnetic radiation-
permeable barrier material is interposed between the sample of

lymphocytes and the electromagnetic radiation source.

10.  The method of any one of claims 7 to 9 wherein the
electromagnetic radiation-permeable barrier is made up of layers of from
about 10 um to 100 um in thickness to give a total barrier thickness of from
about 10 um to 1000 um.

11.  The method of any one of claims 7 to 10 wherein the method
comprises providing a plurality of lymphocyte samples each having a
different thickness of an electromagnetic radiation-permeable barrier

interposed between them and the electromagnetic radiation source.

12.  The method of any one of claims 7 to 11 comprising providing a test
substance between the sample of lymphocytes and the electromagnetic

radiation source.

13.  Use of a system as claimed in any one of claims 1 to 6 in a method
of determining the predisposition of a subject to developing cancer or in

diagnosing cancer in a subject.

14.  Use of a method as claimed in any one of claims 7 to 12 in a
method of determining the predisposition of a subject to developing cancer

or in diagnosing cancer in a subject.
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