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METHOD OF DIAGNOSIS

The 1nvention relates to a method of diagnosing a scar of interest as keloid or non-keloid.
The imnvention also provides kits and oligonucleotide arrays suitable for use in the

diagnosis of a scar of interest as keloid or non-keloid.

Keloids (also referred to as keloid scars) are pathological scars produced by an aberrant
and over-exuberant wound healing response. Keloids comprise raised scars that spread
beyond the margins of an original wound and invade the normal skin surrounding the

wound site. Keloids continue to grow over time, and do not regress spontaneously.

Keloids occur with equal frequency in men and women. The incidence of keloid
formation is increased in those aged between 10 and 30 years. Keloids may arise as a
result of a wide range of injuries, including piercing, surgery, vaccination, tattoos, bites,

blunt trauma and burns.

Keloids may have a “domed”, nodular or ridged appearance. Keloids may have a colour
stmilar to that of the surrounding unwounded skin, but are frequently somewhat darker,
with a red, purple or brown appearance. Such colour mismatches may increase the visual
prominence of keloids. The tendency for hyperpigmentation in keloids is increased on

their exposure to solar ultraviolet radiation.

A keloid lesion may be considered to be made up of a number of different portions that
may each exhibit quite different biological activity from one another. The central part of
a mature keloid lesion (the intra-lesional portion) is largely acellular, while the peripheral
part of the lesion (the peri-lesional portion) is relatively more cellular and is the site of
increased angiogenic activity. This increase in new blood vessel formation has been

linked with the outward growth of the lesion.

Although they represent examples of pathological scarring, keloids are primarily
composed of the same cell types and extracellular matrix components that are found in

undamaged skin and normal dermal scars. However, the relative abundance and
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arrangement of these cell types and extracellular matrix components differ from those

found 1n either unwounded skin or normal dermal scars.

The major constituent of keloids is the extracellular matrix component collagen I.
Fibroblasts derived from keloids exhibit up to a twenty-fold higher expression of collagen I
in vitro, as compared to normal dermal fibroblasts. Similarly, cultured keloid fibroblasts
also express elevated levels of elastin and proteoglycans, and it is believed that this increase

in extracellular matrix deposition may play a role in keloid development and maintenance.

Collagen I present in keloids is arranged primarily in the form of thick “whorls”, which may
be differentiated from the arrangement found in unwounded skin (a so-called “basket
weave” of fibrils) and in normal scars (which contain collagen fibres that are thinner than
those found in keloids and are arranged approximately parallel to one another). The
frequent presence of thickened hyalinized collagen within keloids has led to this form of

collagen being termed “keloidal collagen”.

Keloids contain fewer macrophages than do normal scars, but contain abundant

eosinophils, mast cells, plasma cells and lymphocytes.

Keloids are seldom a direct cause of pain, but may give rise to discomfort, tenderness,
irritation or itching during their formation or growth. Keloids may also impair
mechanical function through their size or their increased stiffness compared to
unwounded skin. This impairment may be particularly noticeable in the case of keloids
located near a joint. Furthermore, it is well recognised that keloids, and in particular large

or noticeably disfiguring examples, can cause psychological distress to those afflicted.

A turther highly damaging property of keloids is their propensity to recur, particularly
tollowing surgical excision. Recurrence of keloids under such circumstances 1s normally
also associated with further expansion of the lesion, and keloids may expand more

aggressively following an earlier excision.
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Treatment options for hypertrophic scars are similar to those for keloids with the

exception that surgical excision 1s an acceptable and often more favourable approach.

It will, be appreciated that in the case of keloids, it will generally be preferred to avoid
surgical intervention when possible. Given their high incidence of recurrence, and the fact
that such recurrence is exacerbated by surgical intervention, it is important to be able to
accurately diagno‘se keloids in order that suitable treatment regimes may be employed.
Current treatment regimes for keloids include corticosteroid injections, cryotherapy,
radiation therapy, silicone gel dressings and intra-lesional injection of agents infended to

reduce the size of keloid scarring.

In present practice diagnosis of keloids is undertaken on the basis of the appearance of the
scar. However, the accurate diagnosis of keloids is hampered by the fact that keloid
morphology may be very similar to that of other pathological scars. The appearance of
keloids and hypertrophic scars may be particularly similar. Hypertrophic scars resemble
keloid scars in that they are also raised above the skin level. However, hypertrophic scars
differ from keloids in that they remain within the boundaries of the original lesion, and
may regress spontaneously several months after the initial injury. The visual similarity
between keloid and hypertrophic scars means that diagnosis of a raised scar between these
two distinct conditions is often confusing and cannot be accurately undertaken without
long-term monitoring. There is a need for rapid and accurate means by which scars of
interest may be diagnosed to indicate whether they are keloid in nature, or whether they

belong to other pathological or excessive scarring types, such as hypertrophic scars.

Raised scars may often be assumed to be associated with keloid disease, and in the case of
black patients an elevated scar will often be diagnosed by default as keloidal by many
physicians (Rosenborough et al, 2004. J.Natl.Med.Assoc. 96, 108). This tendency can
lead to the mis-identification of non-keloids scars (such as hypertrophic scars or very bad
non-pathological scars) as keloids. It will be 'appreciated that this potential mis-diagnosis
can result in inappropriate scar management decisions and can block the use of
elective/scar revision surgery as a viable therapeutic approach in the case of such mis-

diagnosed scars.
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It 1s known that keloids are the only pathological dermal scars that grow beyond the
boundaries of the original injury, as noted above. This property can provide a basis on
which differential diagnosis between keloid and hypertrophic scars may be undertaken,

although such diagnosis requires a very long time, given the need for prolonged

observation of the scar to be diagnosed.

Other attempts to provide a basis on which tissues may be diagnosed as keloid or non-
keloid have utilised histological assessments. Among the histological features suggested
as providing suitable basis for diagnosis of keloids is the presence of so called “keloidal
collagen”, a thickened hyalinized form of collagen, although this is not found in all keloid
samples. Further features that may allow for the differentiation of keloids from other
pathological scars (such as hypertrophic scars) are the presence of a non-ﬂattenéd
epidermis in keloids, non-fibrotic papillary dermis, the presence of a “tongue-like”
advancing edge that surrounds keloid lesions (located below the normal-appearing
epidermis and papillary dermis), presence of a horizontal cellular fibrous band located in

the upper reticular dermis, and the presence of a prominent fascia-like band.

However, these histological cues for the diagnosis of keloids are also unsatisfactory. Not
all of the features suggested as diagnostic markers are found in all keloid tissues, and

similarly some of the suggested markers may also be found in non-keloid tissues.

Furthermore, the use of histological means for diagnosis of keloids requires considerable
time to be expended in the preparation and analysis of histological samples, as well as the

need for the application of skill and judgement on the part of the person undertaking such

analysis.

Rapid and accurate methods and kits for the diagnosis of keloid scars will enable
diagnosis to be undertaken with greater confidence. This will facilitate taking of correct
decisions regarding the clinical treatment of skin lesions, and will be advantageous in

treatment of both keloid and non-keloid lesions. In the case of tissues diagnosed as
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keloids it will be possible to avoid treatments that may otherwise exacerbate keloid
recurrence and expansion, while such considerations will not be inappropriately applied in
the treatment of non-keloid tissues. Furthermore, it is likely that early accurate diagnosis
may have major benefits in relation to the success of palliative care regimes, since many

available treatments are believed to be more effective on less-mature scars.

The ability to differentiate between keloid-forming and non-keloid-forming patients may
thus provide great advantages in terms of limiting surgery, and hence the risk of keloid
formation, amongst those prone to keloid development, since it is generally considered
that the prevention of keloid formation is of paramount importance in the management of
keloid-forming patients, and avoidance of non-essential cosmetic surgery is recommended

for these individuals.

In the light of the above it will be appreciated that there exists a well recognised need for
the provision of new and alternative methods and kits for the diagnosis of keloids. Such

methods and kits may preferably be suited to the safe and reliable diagnosis of keloids.

It is an aim of certain embodiments of the invention to provide novel methods and
markers for the diagnosis of keloids. It is another aim of certain embodiments of the
present invention to provide methods of diagnosis that allow a greater degree of certainty
in diagnosis of a scar of interest as keloid or non-keloid than may be achieved by the prior
art. It is another aim of certain embodiments of the invention to provide methods of
diagnosis that allow greater speed of diagnosis, to determine whether a scar of interest is
keloid or non-keloid, than do the methods of the prior art. It is still another aim of certain
embodiments of the invention to provide methods for the diagnosis of a scar of interest as
keloid or non-keloid that do not require the taking of large biopsies in order for a
diagnosis to be made. It is still another aim of certain embodiments of the invention to
provide methods, allowing the diagnosis of a scar of interest as keloid or non-keloid, that

do not involve procedures that are likely to cause the recurrence and/or exacerbation of

keloid formation.
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According to a first aspect of the present invention there is provided a method for
diagnosing a scar of interest as keloid or non-keloid, the method comprising:

comparing expression in a sample representative of gene expression in the scar of interest
of at least one gene, selected from the group of genes set out in Table 1, with expression
of the said at least one gene in a comparator tissue;

wherein increased expression of said at least one gene in the scar of interest compared to

expression of said at least one gene in the comparator tissue indicates that the scar of

interest comprises a keloid.

In a second aspect of the invention there is provided a kit for diagnosing a scar of interest
as keloid or non-keloid, the kit comprising:

1) at least one probe capable of binding specifically to a target molecule
representative of expression in the scar of interest of at least one gene selected from the

group set out in Table 1; and

1) reference material able to indicate the level of expression of said at least one gene

1In a comparator tissue.

It 1s preferred that the methods and kits of the invention be used for in vitro diagnosis of a

scar of interest as keloid or non-keloid.

Although the methods and kits of the invention are most suitable for use in diagnosis of
human scars as keloid or non-keloid, they may also be useful in diagnosing similar

conditions in non-human animals, such as “proud flesh” in horses.

The present invention is based on the identification by the inventors of a number of genes
the increased expression of which is diagnostic of keloid tissue. The inventors have
found that comparison of the expression of one or more of these genes 1n a scar of interest
with the expression occurring in a comparator tissue allows an accurate and rapid
diagnosis as to whether the tissue is keloid or non-keloid. Identity of the scar of interest
as keloid is indicated by an increase in gene expression as compared to expression in the

comparator tissue sample, whereas unchanged or decreased expression in the scar of
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interest as compared to the comparator indicates that the scar of interest is non-keloid

tissue.

The finding that increased expression of the genes identified in Table 1 (i.e. the group
comprising Gene Identification No. 1 to Gene Identification No. 763) may be used to
diagnose whether a scar of interest is keloid or non-keloid is surprising, since although the
expression of certain genes (such as those encoding VEGF, IGF1 and PAIl) has been
linked to keloid tissue, the genes set out in Table 1 had never previously been identified

as being associated with keloids, let alone as diagnostic of keloid scars.

In practicing the invention (whether by use of the methods, kits or arrays of the
invention), expression of a selected gene (or genes) in a sample representative of gene
expression in the scar of interest is compared with expression of the same gene (or genes)
in a suitable comparator tissue. This comparison of expression of the selected gene (or
genes) enables diagnosis of the scar of interest as keloid or non-keloid. If there 1s
increased expression of the selected gene (or genes) in the sample representative of gene
expression in the scar of interest, as compared to in the comparator sample, then this
indicates that the scar of interest comprises keloid tissue. If, on the other hand, there 1s no
increased expression of the selected gene (or genes) in the sample representative of
expression in the scar of interest (or, indeed, if there is a decrease in expression of these

genes), this indicates that the scar of interest does not comprise keloid tissue.

In general expression of selected genes in the scar of interest will be investigated by
analysis of target molecules representative of gene expression. Suitable investigation may
involve the analysis of the relative abundance of target molecules in a sample (which may
provide quantitative information as to gene expression, as considered in more detail

elsewhere in the specification).

Gene expression in the comparator tissue may be represented by tissues or tissue extracts
containing suitable target molecules, or may alternatively be represented by data setting
out details of the gene expression levels in the comparator. The identification, isolation

and analysis of suitable target molecules is discussed further elsewhere in the
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specification, as is the provision of information representative of gene expression in

comparator tissue samples.

A comparator tissue, for the purposes of the present disclosure, is a tissue with which
gene expression in a scar of interest can be compared, in order to allow diagnosis of the
scar of interest as keloid or non-keloid. Specifically, the expression in the scar of interest
of at least one gene set out in Table 1 is compared with expression of the same gene (or

genes) 1 the comparator tissue.

A number of different tissue types may serve as suitable comparator tissues for use in
accordance with the present invention. Suitable comparator tissues include normal skin.
For the present purposes normal skin may be considered to be skin other than in a keloid

scar, and preferably to be unscarred and unwounded skin.

Alternatively a comparator tissue suitable for use in accordance with the present invention
may be tissue from a known keloid. For instance a suitable comparator tissue for use 1n
accordance with the invention may comprise tissue from the skin adjacent to a known
keloid (also referred to in the present specification as “extra-keloid comparator tissue”).
Alternatively, a suitable comparator tissue may comprise tissue from the area at the
periphery of a known keloid (also referred to herein as “peri-keloid comparator tissue”).
In a further alternative, a suitable comparator tissue may comprise tissue from the interior

- part of a known keloid (also referred to as “intra-keloid comparator tissue”).

A “comparator sample” for the purposes of the present invention comprises any sample
(such as a tissue extract, or the like, as considered elsewhere in the specification) that
provides information as to the expression of a selected gene in the comparator tissue from

which the comparator sample is derived.

Although the inventors have found that any of the genes represented by the group of
genes set out in Table 1 may be used 1n accordance with the present invention, the
inventors have further found that certain subsets of these genes have particular diagnostic

value. These subsets are identified and considered in more detail below.
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The inventors have noted that expression of certain genes set out in Table 1 varies
between different areas of a keloid lesion. This information may be used to further refine

diagnosis 1n accordance with the present invention (whether by methods, kits, or arrays of

the invention).

The inventors have also found that preferred genes that may be investigated in the
‘methods and kits of the invention may be selected with reference to their biological

function.

A sample of interest, representative of a scar of interest to be diagnosed, may be further
characterised with reference to the location from which it is derived in the scar. The
inventors have found that characterisation of a sample of interest on this basis improves
the efiicacy of diagnoses undertaken in accordance with the invention. Samples of
interest may be characterised as peri-lesional (which 1s to say samples taken from the
periphery of a lesion comprising a scar of interest) and intra-lesional (those samples taken

form the interior of a lesion comprising a scar of interest).

Genes from Table 1 that may be used in the diagnosis of peri-lesional samples of interest
are set out 1n Table 2. It 1s a preferred embodiment that diagnosis in accordance with the
invention (whether using the methods, kits or arrays of the invention) may be performed

on the basis of comparison of one or more of the genes set out in Table 2.

Genes from Table 1 that may be used in the diagnosis of infra-lesional samples of interest
are set out 1n Table 18. It is a preferred embodiment that diagnosis in accordance with the
invention (whether using the methods, kits or arrays of the invention) may be performed

on the basis of comparison of one or more of the genes set out in Table 18.

As set out above, comparator tissues suitable for use in diagnosis in accordance with the
invention may also be characterised with reference to their source, as normal skin
comparators; extra-keloid comparators; peri-keloid comparators; or intra-keloid

comparators. The inventors have found that diagnosis in accordance with the invention
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may be improved by comparison of gene expression in a sample of interest characterised

with reference to their location in a scar of interest, with gene expression with a

comparator characterised in the manner set out above.

Thus it may be preferred that gene expression in a peri-lesional sample of interest is
compared with gene expression in a normal skin comparator. Examples of suitable genes,
expression of which may be compared between such samples in order to provide a
diagnosis, are set out in Table 3. These genes may be further characterised with reference
to their biological function. Accordingly those genes set out in Table 4 represent genes
associated with cell motility, whereas those set out in Table 5 are associated with cell
adhesion, the genes set out 1n Table 6 are associated with inflammation, and the genes set
out in Table 7 are associated with the development of new blood vessels (particularly with

anglogenesis).

Alternatively or additionally, 1t may be preferred that gene expression in a peri-lesional
sample of interest 1s compared with gene expression in an exfra-keloid comparator.
Examples of suitable genes, expression of which may be compared between such samples
in order to provide a diagnosis, are set out in Table 8. These genes may be further
characterised with reference to their biological function. Accordingly those genes set out
in Table 9 represent genes associated with cell motility, whereas those set out in Table 10

are associated with cell adhesion, and the genes set out in Table 11 are associated with

inflammation.

Alternatively or additionally, it may be preferred that gene expression in a peri-lesional
sample of interest i1s compared with gene expression in a peri-keloid comparator.
Examples of suitable genes, expression of which may be compared between such samples
in order to provide a diagnosis, are set out in Table 12. It will be appreciated that
diagnosis on the basis of such comparisons will involve the gene expression in a tissue of
interest and a comparator that are at different time-points in the healing process.
Information regarding the time-points to be used is provided in Table 12. The genes set
out in Table 12 may also be further characterised with reference to their biological

function. Accordingly those genes set out in Table 13 represent genes associated with
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cell motility, whereas those set out in Table 14 are associated with cell adhesion, the
genes set out in Table 15 are associated with inflammation, and the genes set out in Table

16 are associated with the development of new blood vessels (particularly with

anglogenesis).

Alternatively or additionally, it may be preferred that gene expression in a peri-lesional
sample of interest is compared with gene expression in an intra-keloid comparator.
Examples of suitable genes, expression of which may be compared between such samples

1n order to provide a diagnosis, are set out in Table 17.

Alternatively or additionally, it may be preferred that gene expression in an intra-lesional
sample of interest is compared with gene expression in a normal skin comparator.
Examples of suitable genes, expression of which may be compared between such samples
in order to provide a diagnosis, are set out in Table 19. These genes may be further
characterised with reference to their biological function. Accordingly those genes set out
in Table 20 represent genes associated with cell motility, whereas those set out in Table
21 are associated with cell adhesion, and the genes set out in Table 22 are associated with

the development of new blood vessels (particularly with angiogenesis).

Alternatively or additionally, it may be preferred that gene expression in an intra-lesional
sample of interest is compared with gene expression in an extra-keloid comparator.
Examples of suitable genes, expression of which may be compared between such samples
in order to provide a diagnosis, are set out in Table 23. These genes may be further
characterised with reference to their biological function. Accordingly those genes set out

in Table 24 represent genes associated with cell adhesion.

Alternatively or additionally, it may be preferred that gene expression in an intra-lesional
sample of interest is compared with gene expression in a peri-keloid comparator.
Examples of suitable genes, expression of which may be compared between such samples

in order to provide a diagnosis, are set out in Table 25.
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Alternatively or additionally, it may be preferred that gene expression in an intra-lesional
sample of interest is compared with gene expression in an intra-keloid comparator.
Examples of suitable genes, expression of which may be compared between such samples
in order to provide a diagnosis, are set out in Table 26. It will be appreciated that
diagnosis on the basis of such comparisons will involve the gene expression in a tissue of
interest and a comparator that are at different time-points in the healing process.
Information regarding the time-points to be used is provided in Table 26. The genes set
out in Table 26 may also be further characterised with reference to their biological
function. Accordingly those genes set out in Table 27 represent genes associated with
cell motility, whereas those set out in Table 28 are associated with cell adhesion, and the

genes set out 1n Table 29 are associated with mntlammation.

It may be preferred that diagnosis in accordance with the present invention, whether
carried out using the methods, kits or arrays of the invention, utilise comparison of one or

more gene selected independently from one or more of the Tables 2 to 29.

A skilled person wishing to undertake a diagnosts in accordance with the invention may
consider the nature of a sample that is available from a scar of interest, consider the nature
of a comparator sample that is available, and thereby select appropriate genes the

expression of which may be compared with reference to the considerations set out above.

It is particularly preferred that the methods, kits or arrays of the invention may involve the
comparison of genes selected from two or more of Tables 2 to 29. For example, preferred
methods, kits or arrays may involve the comparison of at least one gene selected from
each of two of Tables 2 to 29, more preferred methods, kits or arrays may involve
comparison of at least one gene selected from each of three of Tables 2 to 29, even more
preferred methods, kits or arrays may involve comparison of at least one gene selected
from each of four of Tables 2 to 29, and most preferred methods, kits or arrays may

involve comparison of at least one gene selected from each of five or more of Tables 2 to

29.

Diagnosis of a scar of interest as keloid or non-keloid in accordance with the present

invention may be effected by comparing the expression in a sample representative ol gene
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expression in the scar of interest with expression in a comparator sample of one gene
selected from Table 1, however, it is preferred to utilise multiple genes from Table 1.
Thus it may be preferred that diagnosis in accordance with the present invention may be
effected by comparing the expression of up to five genes selected from Table 1. It 1s
particularly preferred that diagnosis in accordance with the present invention is effected
by comparing the expression of 5, 6, 7, 8, 9 or 10 genes selected from Table 1. Diagnosis
may be effected by comparing expression of up to 20 or 50 genes selected from Table 1.
Diagnosis in accordance with the present invention may be effected by comparing the
expression of up to 100, 200, 300, 500 or even up to 700, genes selected from Table 1.
Indeed it may, in certain cases be preferred that diagnosis of a scar of interest as keloid or
non-keloid in accordance with the present invention is effected by comparing the
expression of 700 or more genes selected from Table 1. If so desired, a diagnosis can be

made using any or all of the 763 genes represented in Table 1.

A scar of interest in the context of the present invention may be any scar for which it 1s
desired to diagnose whether the scar comprises keloid or non-keloid tissue. It will be
appreciated that dermal scars constitute preferred examples of suitable scars of interest.
The ability to distinguish between keloids and other forms of severe or pathological
scarring, such as hypertrophic scars, is of notable value. Such differentiation may allow
the selection of clinical treatment that is appropriate to the type of scarring diagnosed.
Accordingly, the use of the methods and kits of the present invention in effecting
diagnosis of excessive or pathological dermal scars represents a particularly preferred

example of their use.

A scar of interest may preferably be derived from an individual believed to be at elevated
risk of keloid formation. Examples of such individuals include patients with a history of
keloid formation, individuals of the African Continental Ancestry Group or individuals of

the Asian Continental Ancestry Group.

Suitable scars of interest may be derived from individuals who have suffered injury to the
skin. In particular these may include individuals suffering injury at a site where there 1s

an elevated risk of keloid formation. Examples of such sites may typically include areas
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of high skin tension, such as the chest, back, shoulders, or neck. However, relevant sites
may also include areas, such as the earlobes, that are common sites of keloid formation,

although not subject to high skin tension.

Diagnosis using the methods, kits, and arrays of the invention may be useful in
diagnosing scars of interest from patients who have experienced skin wounding, as well

as 1n diagnosing scars of interest from patients who have experienced skin trauma.

For the purposes of the present invention “skin wounding” may be considered to comprise
conditions or clinical situations in which partial or total penetration of the skin occurs,
and also those 1n which partial or total destruction of one or more layers of the skin
occurs. For example, wounds may include puncture wounds, incisional wounds,
excisional wounds and partial or full thickness skin grafts (including both donor and
recipient sites). Such wounds may be associated with surgical procedures or accidental
injuries. Wounds may also include burn or scald injuries, resulting from exposure of the
skin to substances at high or low temperatures sufficient to cause damage to the skin.
Chemical “burns”, such as those caused by exposure of the skin to acid or alkali, and
cosmetic procedures such as dermabrasion or exfoliation (including so-called “chemical
peels” and “laser peels”) may also give rise to tissues for which it is wished to produce a

diagnosis in accordance with the present invention.

For the purposes of the present invention “skin trauma” may be taken as referring to
injuries that damage, but do not penetrate, the skin. Illustrative examples of injuries that
may be considered as skin trauma include crush injuries to the skin, as well other “blunt”

Injuries.

Although the preceding paragraphs provide examples of individuals, or of scars of
interest, that may particularly benefit from diagnosis in accordance with the present
invention it will be appreciated that the methods, kits and arrays of the invention may be
beneficially used in diagnosis of any scar of interest, particularly those that may be
believed to be keloid scars. Generally tissues that are believed possibly to be keloid scars

will be those that display one or more characteristics selected from the following group:
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an elevated profile compared to the surrounding skin; a lesion growing beyond 1ts original
boundaries; a lesion at the site of an earlier skin wound or trauma; hypo- or hyper-

pigmentation compared to the surrounding skin.

Samples representative of gene expression in a scar of interest that may be used 1n
accordance with the present invention encompass any sample that may provide

information as to genes being expressed by the scar of interest.

Any suitable sample derived from the scar of interest may be used. Preferred sample
include biopsies and, if available, samples of wound tissue, wound fluid, wound aspirates
or wound exudates. Preferably such biopsies may be of a sort selected to reduce the level
of injury inflicted to the patient, and thereby limit damage to reduce the risk of (further)
keloid formation. Such techniques may, for example, make use of needle biopsies in
order to reduce the level of injury occurring. Any of the sample types discussed above
may be used in diagnosis, in accordance with the invention, of the scar of interest from

which the sample in question 1s derived.

Suitable samples may include tissue sections such as histological or frozen sections.
Methods by which such sections may be prepared in such a way as to be able to provide
information representative of gene expression in the scar of interest from which the
section 1s derived will be well known to those skilled in the art, and should be selected
with reference to the technique that it is intended to use when investigating gene

expression.

Although the use of samples comprising a portion of the scar of interest is contemplated,
it may generally be preferred that the sample representative of gene expression comprise a
suitable extract taken from the scar of interest, said extract being capable of investigation
to provide information regarding gene expression in the scar of interest. Suitable
protocols which may be used for the production of tissue extracts capable of providing
information regarding gene expression in a scar of interest will be well known to those
skilled in the art. Preferred protocols may be selected with reference to the manner in

which gene expression is to be investigated. Illustrative examples of protocols that may
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be used to produce tissue extracts representative of gene expression in a scar of interest

are discussed below.

Suitable comparator samples, for use in accordance with methods, kits or arrays of the
invention, may be selected with reference to the scar of interest in respect of which
| diagnosis is to be performed. Preferably the comparator tissue will be as well matched as
possible to the scar of interest (matching may consider tissue type, tissue site, etc.).
Sources and examples of suitable comparator samples will be apparent to those skilled 1n
the art and include those derived from individuals that are not subject to keloid formation,
as well as samples from keloid formers selected with reference to their location relative to
a known keloid (i.e. non-keloid tissue, extra-keloid tissue, peri-lesional tissue, or intra-
lesional tissue). It will be recognised that the skin constitutes a preferred source of

comparator samples.

Suitable comparator samples may include portions of non-keloid tissues or organs
inciuding target molecules representative of gene expression (in which case the tissue
should be preserved in such a manner that information regarding the expression of genes
in the tissue may be extracted from the tissue, for example by analysis of the target
molecules). Alternatively, suitable comparator samples may comprise tissue extracts
incorporating extracted and/or isolated target molecules (such as mRNA or cDNA) that
are representative of gene expression in the comparator sample. Relevant information
regarding gene expression in comparator samples may also be provided in the form of

data derived from such samples, as considered elsewhere in the specification.

Comparator samples from which information relating to the expression of selected genes
may be derived include tissue samples and tissue extracts as considered herein with
reference to samples derived from the scar of interest. For example, such information
may be derived directly from a tissue or organ sample constituting the comparator sample,
or from an extract capable of providing information regarding gene expression in the
selected control sample. The expression of the selected gene, or genes, (selected from the

group of genes set out in Table 1) in comparator samples of this type may be investigated
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using the methods described herein in connection with the investigation of gene

expression in the scar of interest.

Although tissue or organ samples constituting comparator samples, or extracts from such
samples, may be used directly as the source of information regarding gene expression in
the comparafor sample (as discussed elsewhere in the specification), it will generally be
preferred that information regarding the expression of the selected gene (or genes) in the
comparator sample be provided in the form of reference data. Such reference data may be
provided in the form of tables indicative of gene expression in the chosen comparator
tissue. Alternatively, the reference data may be supplied in the form of computer
software containing retrievable information indicative of gene expression in the chosen
comparator tissue. The reference data may, for example, be provided in the form of an
algorithm enabling comparison of expression of at least one selected gene (or genes) in

the scar of interest with expression of the same gene (or genes) in the comparator tissue

sample.

In a preferred embodiment of the invention, a diagnosis as to whether the scar of interest
is keloid or non-keloid may be delivered automatically on inputting results representative
of expression of selected genes in the scar of interest into a predictive algorithm that has
been trained upon data representative of gene expression in a suitable comparator sample.
Well-established and commonly used classification systeins include, but are not limited
to, K-Nearest Neighbours, Centroid Classification, Linear Discriminant Analysis, Neural

Networks and Support Vector Machines available, for example, in the Partek Genomics

Suite software package (Partek Inc.).

A suitable sample representative of gene expression in a scar of interest or comparator
sample may provide quantitative information regarding gene expression. For the purpose
of the present invention quantitative information allows ready comparison between the
levels of expression in the scar of interest and the levels of expression in the comparator
sample. For the purposes of the present invention quantitative information relating to

gene expression may be taken to refer to either absolute or relative quantification.
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Methods by which absolute or relative quantitation may be achieved are discussed further

below.

Samples representative of gene expression in the scar of interest or comparator sample
will generally contain target molecules that are directly or indirectly representative of
gene expression. Suitable samples may be provided in the form of tissue samples
containing such farget molecules, or, preferably as tissue extracts. A tissue extract
representative of gene expression in a scar of interest will generally contain isolated target
molecules that are representative of gene expression in the tissue from which the extract 1s

obtained.

Suitable techniques by which tissue samples or tissue extracts may be obtained and '
prepared in order that they may provide information as to gene expression may be
selected with reference to the type of target molecule that is to be employed. Examples of
appropriate techniques that may be used will be readily apparent to the skilled person,
however guidance as to suitable techniques is also provided elsewhere in the

specification.

It will be appreciated that protein target molecules represent target molecules that are
particularly amenable to direct detection. Such direct detection may provide suitable
information as to the amount of the protein present in the scar of interest or comparator

sample, thereby allowing comparison of expression.

In a preferred instance, the amount of certain target proteins present in a sample may also
be assessed with reference to the biological activity of the target in the sample.
Assessment and comparison of expression in this manner is particularly suitable in the
case of protein targets having enzyme activity. Examples of genes set out in Table 1
having enzyme activity, and so particularly suitable for investigation in this manner,
include those identified by Gene Identification Numbers 18, 21, 28, 33, 42, 44, 51, 68, 72,
77,91, 103, 107, 111, 112, 115, 133, 142, 154, 156, 169, 192, 205, 206, 222, 224 ,233,
243, 248, 269, 275, 286, 289, 300, 303, 363, 369, 384, 395, 408, 409, 411, 427, 443, 445,
480, 456, 462, 467, 478, 479, 488, 497, 500, 505, 510, 512, 552, 553, 560, 565, 584, 585,
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580, 610, 620, 630, 632, 634, 647, 661, 669, 674, 682, 683, 690,703, 708, 715, 721, 726,
733, 735, 739, 744, 746 and 751. Enzyme activity of protein targets may, for example, be
investigated by analysing breakdown of labelled enzyme substrate, and the amount of
enzyme activity thereby correlated with gene expression occurring in the scar of interest
or comparator sample. Merely by way of example, those enzymes identified by Gene
Identification Nos. 72, 77, 169, 233, 395, 462, 505, 630, 674 and 703 all possess
proteolytic activity, and it would therefore be possible to assess the presence or absence

of these enzymes with reference to their ability to proteolytically degrade their substrates.

The presence or absence of target molecules in a tissue sample or extract will generally be
detected using suitable probe molecules (although there may be some instances, such as
those discussed above, where presence or absence of a target molecule may be determined
directly without the need for a probe). Such detection will provide information as to gene
expression, and thereby allow comparison between gene expression occurring in the scar
of interest and expression occurring in the comparator sample. Diagnosis in accordance

with the invention may be carried out based on such comparisons.

Probes will generally be capable of binding specifically to target molecules directly or
indirectly representative of gene expression in the scar of interest or sample. Binding of
such probes may then be assessed and correlated with gene expression to allow an
effective diagnostic comparison between gene expression in the scar of interest and 1n the
comparator. Suitable probes that may be used in the methods, kits and arrays of the

invention are discussed elsewhere in the specification.

Target molecules suitable for use in the methods, kits and arrays of the invention are
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