
(19) DANMARK (1°) DK/EP 2964206 T3
(12) Oversættelse af 

europæisk patentskrift

Patent- og
Varemærkestyrelsen

(51) A 61 K 31/137 (2006.01)
A 61 K 31/00 (2006.01)
A61P 17/02 (2006.01)

A 61 K
A 61 K
A 61 Q

8/41 (2006.01)
35/00 (2006.01)
19/02 (2006.01)

A 61 K 8/49 (2006.01) 
A61P 17/00 (2006.01)

lnt.CI.:

(45) Oversættelsen bekendtgjort den: 2019-10-07

(80) Dato for Den Europæiske Patentmyndigheds
bekendtgørelse om meddelelse af patentet: 2019-07-17

(86) Europæisk ansøgning nr.: 14716626.8

(86) Europæisk indleveringsdag: 2014-03-07

(87) Den europæiske ansøgnings publiceringsdag: 2016-01-13

(86) International ansøgning nr.: GB2014050686

(87) Internationalt publikationsnr.: WO2014135896

(30) Prioritet: 2013-03-08 GB 201304234

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR HR HU IE IS IT LI LT LU LV 
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: University of Leicester, University Road, Leicester LE1 7RH, Storbritannien

(72) Opfinder: PULLAR, Christine Elaine, University of Leicester, University Road, Leicester LE1 7RH, Storbritannien

(74) Fuldmægtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 København S, Danmark

(54) Benævnelse: BETA-2-ADRENERG RECEPTORAGONIST TIL FORBEDRING AF FARVETILPASNING AF HUDAR

(56) Fremdragne publikationer:
W0-A1-2009/118541
J. Μ. GILLBRO ET AL: "The melanogenesis and mechanisms of skin-lightening agents - existing and new 
approaches", INTERNATIONAL JOURNAL OF COSMETIC SCIENCE, 1 January 2011 (2011-01-01), pages no-no, 
XP055000016, ISSN: 0142-5463, DOI: 10.1111 /j.1468-2494.2010.00616.x
Johanna M Gillbro ET AL: "Autocrine Catecholamine Biosynthesis and the beta-2-Adrenoceptor Signal 
Promote Pigmentation in Human Epidermal Melanocytes",, 2 August 2004 (2004-08-02), pages 346-353, 
XP055118161, Retrieved from the Internet: URL:http://www.nature.com/jid/journal/v123 /n2/pdf/5602440a.pdf 
[retrieved on 2014-05-15]
C. E. PULLAR: "Beta-2-Adrenergic receptor activation delays wound healing", THE FASEB JOURNAL, vol. 20, 
no. 1, 1 January 2006 (2006-01-01), pages 76-86, XP055118116, ISSN: 0892-6638, DOI: 10.1096/fj.05-4188com 
Sankar Mitra ET AL: "(S)-Albuterol Increases Intracellular Free Calcium by Muscarinic Receptor Activation and 
a Phospholipase C-Dependent Mechanism in Airway Smooth Muscle", MOLECULAR PHARMACOLOGY, 1 
January 1998 (1998-01-01), pages 347-354, XP055518733, Retrieved from the Internet: 
URL:http://molpharm.aspetjournals.org/cont ent/molpharm/53/3/347.full.pdf [retrieved on 2018-10-24]

URL:http://www.nature.com/jid/journal/v123
URL:http://molpharm.aspetjournals.org/cont


DK/EP 2964206 T3



DK/EP 2964206 T3

DESCRIPTION

[0001] The present invention relates to the field of medicaments and non-therapeutic methods 
of treatment for the improvement of skin scar colour match by, for example, reduction of scar 
hyperpigmentation.

[0002] Fibroblasts are involved in many processes within the body. Wound healing is a 
complex process requiring the combined activation of numerous processes including the 
modulation of fibroblast activity. During the wound healing process, dermal fibroblasts migrate 
to the wound bed where wound cell-secreted Transforming Growth Factor-1 (TGF-ß1), matrix 
molecules (eg a fibronectin splice variant) and mechanical cues (ie matrix tension) initiate their 
differentiation into myofibroblasts. Myofibroblasts can be distinguished from dermal fibroblasts 
as they express smooth muscle α-actin, contain bundles of contractile microfilaments, and 
have extensive cell-to-matrix attachment sites. The myofibroblasts synthesise, deposit and 
remodel the extracellular matrix to form granulation tissue, and thereby contract the wound. 
The connective tissue that forms during the healing process is often fibrous in nature, and 
commonly forms into a connective tissue scar by a process known as fibrosis.

[0003] In the embryo, healing processes are activated and halted to regenerate tissue 
perfectly, and so scarring may not occur. However, in the adult, evolution has optimised wound 
healing processes to achieve wound closure quickly, minimising the risk of infection, but 
resulting in scar formation. Viewed macroscopically, scars may be depressed below the 
surface ofthe surrounding tissue, or elevated above the surface ofthe undamaged skin. Scars 
may be relatively darker coloured than the unwounded tissue (hyperpigmentation) or may have 
a paler colour (hypopigmentation) than their surroundings. Either hyperpigmented or 
hypopigmented scars constitute a readily apparent defect, and 100 million patients develop 
wound scars every year from elective operations, trauma, burn injuries and keloids. It has been 
shown that the appearance of a scar is one of the major factors contributing to the 
psychological impact of wounds upon the sufferer, and that these effects can remain long after 
the wound itself has healed.

[0004] WO 2006/108176 relates to ß2 AR agonists and antagonists for modulating wound 
healing, wound contraction and/or epithelialization. Various uses of or observations on ß2 AR 
agonists are disclosed in EP 1 719 507; WO 01/94319; WO 2007/137204; US 5,958,432; WO 
03/097073; WO 2006/027579; Eggleston et al (1991) Chest 99, 1088-1092; Barzon et al 
(1991) Eur. Resp. J. 19, 2307-2311; Skipsii et al (1991) Terapevtiicheski Arkhiv 63, 125-127; 
Pullar & Isseroff (2005) Wound Rep. & Regen. 13, 405-411; Pullar et al (2006) FASEB J. 20, 
76-86; and Akutsu et a/(2006) Br. J. Pharmacol. 147, 412-421.

[0005] WO 2009/118541 also relates to ß2 AR agonists and antagonists for modulating 
fibroblast responses, for modulating the deposition of collagen or combating a fibrotic disorder, 
or for combating scarring.
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[0006] The Fitzpatrick skin typing system was created in 1975 for predicting skin reactivity in 
oral methoxsalen (PUVA) photochemotherapy, a treatment for psoriasis [1]. Since then, the 
Fitzpatrick classification has been used world-wide to estimate the risk of basal cell carcinoma 
[2] and cutaneous malignant melanoma [3]. The interview-led or self-reporting skin-typing 
system relied on a questionnaire that the person used to grade their tendency to burn and 
ability to tan 24 hours and 7 days after the first un-protected sun exposure in early summer. 
Defined by Fitzpatrick, the initial sun exposure is 3 times the minimal erythema dose (MED), 
which is the UV dose that will elicit just perceptible erythema 24 hours after sun exposure [1]. 
This is equivalent to approximately 45 to 60 minutes of sun exposure in northern latitudes (20° 

to 45°) at noontime in May (90mJ/cm2).

[0007] There are 4 classifications for white skin (I through IV), brown skin is classified as type 
V and black skin and type VI [1,4], see table 1 [1]. The skin type classification is composed of 
two components, the initial induced erythema or burn and the resulting pigmentation. Table 1.

Skin Type Erythema and tanning reactions to first sun exposure

I Always burn, never tan

II Usually burn, tan less than average (with difficulty)

III Sometimes mild burn, tan average

IV Rarely burn, tan more than average (with ease)

V Brown-skinned persons

VI Black-skinned persons

[0008] The initial classification was based on responses in white skin and the scale was later 
improved to include classifications IV through VI for light brown, brown and black skin, 
respectively [4],

[0009] Skin colour is determined primarily by the type and amount of melanin in the skin. 
Pigment formation is highly complex. Melanocytes in cooperation with tyrosinase are 
responsible for the production and conversion of dopa to melanin and melanosomes 
containing the melanin pigment are taken-up by keratinocytes in the epidermis. Hyper­
pigmentation commonly occurs in Fitzpatrick skin types III to VI [5].

[0010] Measurements of scar colour are often part of scar evaluation, so vascularization 
(erythema/redness) and pigmentation (melanin) are routine outcome parameters (alongside 
other parameters) in scar research [6]. Scar colour can be assessed subjectively using a scar 
assessment scale [7,8,9] (see below) or objectively using a measurement device, which can 
give a measure of hyperpigmentation. Melanin levels can be measured with the Mexameter 
(provides an erythema and melanin index based on the principle of narrow band 
spectrophotometry) or the DSM II Colourimeter (combines narrow band spectrophotometry 
with tristimulus reflectance colourimetry) [6].
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[0011] Wound hyperpigmentation can be observed in minor inflammatory dermatoses [5] acne 
scars [10] and in fibrotic wounds and lesions [11,12,13,14,15]. Hyperpigmentation is more 
commonly seen in people with dark complexion, Fitzpatrick skin types III to VI [5]. Indeed both 
hyperpigmentation and keloids occur at significantly higher rates in darkly pigmented persons 
[12,13]. Hyperpigmentation is a major clinical problem that can cause considerable 
psychological distress [11,12,13,14,15]. There is also a body of evidence demonstrating a link 
between melanocytic lesions and melanoma [14,16].

[0012] Current therapies for hyperpigmentation include removal of pigment in the superficial 
layer with acid peels, increase in melanosome transfer and down regulation of tyrosinase with 
Tretinoin, reduction of inflammation, melanocyte proliferation and secretion with corticosteroids 
and inhibition of tyrosinase and decreased melanogenesis with hydroquinone [5]. In addition, 
there are some new topical treatments such as soy, liquorice, rucinol and resveratrol that are 
gaining popularity [15].

[0013] Currently, little is known about the cells and molecular signals that drive wound/scar 
hyperpigmentation. In zebrafish, inflammation in the wound appears to drive wound 
hyperpigmentation. Relatively large or chronic wounds trigger the recruitment of pigment cells, 
both undifferentiated precursors, melanoblasts and differentiated melanocytes, in both larvae 
and adults, leading to hyperpigmentation [17], When the innate immune cells were depleted, 
melanocyte recruitment and the resulting hyperpigmentation did not occur, therefore 
inflammation was essential for wound hyperpigmentation in the zebrafish [17], This document 
indicates that the zebrafish model may be useful as one in which to test possible therapeutic 
agents. In drosophila larvae, punch wounds are rapidly pigmented within hours of injury and 
the pigmentation might have a protective role against UV and invading bacteria [18].

[0014] Grando et al (2006) Journal of Investigative Dermatology (2006) 126, 1948-1965 notes 
that the specific ß2-adrenoceptor agonist salbutamol enhances cAMP levels as well as 
receptor densities in association with increased melanogenesis (Gillbro et al., 2004) ["Autocrine 
catecholamine biosynthesis and the beta-adrenoceptor signal promote pigmentation in human 
epidermal melanocytes". J Invest Dermatol 123:346-53.] See also Raja K. Sivamani "An 
Epinephrine-Dependent Mechanism for the Control of UV-lnduced Pigmentation" Journal of 
Investigative Dermatology (2009) 129, 784-787, which reports that Epinephrine increases 
melanin synthesis in melanocytes; and Wang et al Gene 446 (2009) 18-27 "Zebrafish ß- 
adrenergic receptor mRNA expression and control of pigmentation", which notes that the 
authors cloned and characterized five zebrafish orthologs of ß-AR genes representing 
homologs of three ß-AR subtypes. Loss-of-function analysis revealed an important role for 
zebrafish adrb2a in the regulation of pigmentation, consistent with mammalian ß2-AR.

[0015] Consistent with these finding, ß2 AR antagonists are known as skin whitening agents. 
See, for example, J. Μ. Gillbro and Μ. J. Olsson "The melanogenesis and mechanisms of skin­
lightening agents - existing and new approaches" International Journal of Cosmetic Science, 
2011, 33, 210-221. See also review article Osborne et al (2012) B J Dermatol 166 (Suppl. 2), 
pp 16-19 "Application of genomics to breakthroughs in the cosmetic treatment of skin ageing
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and discoloration", which reports pro-pigmentation roles for β adrenergic receptors.

[0016] The present inventors have surprisingly found that a ß2 AR agonist is useful in 
improving skin scar colour matching, for example reducing scar hyperpigmentation. Thus, it is 
considered that a ß2 AR agonist is useful in improving the similarity of pigmentation of the scar 
to the pigmentation ofthe surrounding skin.

[0017] A first aspect of the invention provides a non-therapeutic cosmetic method for 
improving skin scar colour matching by reducing scar hyperpigmentation, the method 
comprising administering an effective amount of salbutamol to a subject in need thereof.

[0018] A second aspect of the invention provides salbutamol for use in therapeutically 
improving skin scar colour matching by reducing scar hyperpigmentation, in a subject in need 
thereof.

[0019] The invention may in addition have the effect of treating or aiding in preventing 
melanocytic lesions and/or melanoma in the subject.

[0020] Also disclosed herein is a method for treating or preventing melanocytic lesions and/or 
melanoma in a subject, the method comprising administering a therapeutically effective 
amount of an agent, which positively modulates ß2-adrenergic receptor conformation, or 
receptor activity, or activation thereof, to a subject in need thereof.

[0021] In one embodiment, the invention is considered to relate to a therapeutic intervention. 
In the alternative, the invention also provides a non-therapeutic cosmetic treatment for 
improving skin scar colour matching, by reducing scar hyperpigmentation, in a subject desirous 
thereof. Preferences are as set out in relation to other aspects ofthe invention.

[0022] Before the present invention it had not been appreciated that modulation of the ß2-AR 
could alter scar pigmentation so as to improve skin scar colour match or reduce scar 
hyperpigmentation.

[0023] The inventor's findings that an agent which positively modulates ß2-AR (such as a ß2- 
AR agonist), improves skin scar colour matching, for example reduces scar hyperpigmentation, 
were unexpected for at least the following reason. Beta adrenoreceptor, for example ß2-AR, 
activation has been linked with melanogenesis and tanning in response to UVB exposure. Beta 
adrenoreceptor, for example ß2-AR, antagonists have been reported to be useful in bleaching 
the skin. Accordingly, it was surprising to find that in scar formation, ß2-AR agonists instead 
were useful in improving skin scar colour matching, for example in reducing scar 
hyperpigmentation. Thus, instead of leading to darkening ofthe scar (as would be expected in 
view of the role of ß2-AR activation in tanning and the effect of ß2-AR antagonists in lightening 
skin tone), ß2-AR agonists instead reduce scar hyperpigmentation. See Example 2 below for 
further discussion ofthe role ofthe beta-adrenoreceptor in melanogenesis.
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[0024] The subject may be a subject in need of improving skin scar colour matching, by 
reducing scar hyperpigmentation, because the subject has or is at risk of hyperpigmentation. A 
subject (typically a human subject) may be selected as being at risk of hyperpigmentation on 
the basis of one or more of the following factors:

• the subject has previously developed hyperpigmentation of a scar (which may be 
determined by questioning or examining the subject or subject's representative)

• the subject tans readily on exposure to sunshine or ultraviolet (UV) radiation, rather than 
burning (which may be determined by questioning or examining the subject or subject's 
representative)

• the subject has a non-Caucasian racial origin (which may be determined by questioning 
or examining the subject or subject's representative)

• the subject's skin colour (for example in an area that is not tanned) is considered to be 
darker than that typical of a naturally fair-haired Caucasian person.

[0025] Thus, for example, the human subject may be selected as being at risk of 
hyperpigmentation because they are at least predominantly of Chinese, black African, Asian or 
Southern European racial origin, which may typically be determined by examination (for 
example based on general appearance) and/or questioning or genetic 
investigations/information. The subject may be selected as being at risk of hyperpigmentation 
based on their classification under the Fitzpatrick Scale (also known as the Fitzpatrick skin 
typing test or Fitzpatrick phototyping scale), which is a numerical classification schema for the 
colour of skin, as noted above. It was developed in 1975 by Thomas B. Fitzpatrick, a Harvard 
dermatologist, as a way to classify the response of different types of skin to UV light, and 
remains a recognized tool for dermatologic research into the color of skin. As noted above, the 
Fitzpatrick scale has the following skin types:

• Type I (scores 0-7) Light, pale white.
Always burns, never tans

• Type II (scores 8-16) White; fair.
Usually burns, tans with difficulty

• Type III (scores 17-24) Medium, white to light brown.
Sometimes mild burn, gradually tans to a light brown

• Type IV (scores 25-30) Olive, moderate brown.
Rarely burns, tans with ease to a moderate brown.

• Type V (scores over 30) Brown, dark brown.
Very rarely burns, tans very easily

• Type VI Black, very dark brown to black.

[0026] Never burns, tans very easily, deeply pigmented.
Thus, the subject (for example a human subject) may be selected as being at risk of 
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hyperpigmentation if their skin type can be assessed as Type III or higher (i.e., Type, III, IV, V 
or VI) on the Fitzpatrick scale (whether or not it is formally expressed in terms of the Fitzpatrick 
scale).

[0027] A "subject" may be a human or, in experimental models, a porcine subject. Porcine skin 
is recognised as being a suitable animal model for human skin. Anatomically and 
physiologically, porcine skin is very similar to human skin (Montagna W, Yun JS (1964) The 
Skin of the Domestic Pig. The Journal of investigative dermatology 42: 11-21.
Typically, the subject is a human being.

[0028] The skilled technician will appreciate what is meant by the terms "beta adrenergic 
receptor" and "ß2-adrenergic receptor" or "ß2-AR". These receptors are known in the art and 
have been reviewed in Johnson M, (J Allergy Clin. Immunol. (2006) 117, 18-24). However, for 
the avoidance of doubt, adrenergic receptors are a class of G protein-coupled receptors which 
bind and are activated by their endogenous ligands, the catecholamines, adrenaline and 
noradrenaline. The adrenergic receptors fall into 5 types: α1, a2, ß1, ß2, and ß3, and the 
present invention is concerned with the beta adrenergic receptors, including the ß2-adrenergic 
receptor (ie ß2-AR). The DNA and protein sequences for the human beta adrenergic 
receptors, for example ß2-adrenergic receptor are available on freely accessible databases 
and are discussed in Kobilka et al (1987 PNAS 84, 46-50). The chromosomal location for the 
gene encoding the ß2-adrenergic receptor is chromosome Sq 31-32. Additionally, the crystal 
structure for the ß2-AR is available (Rasmussen S et al Nature (2007) 450, 383-387).

[0029] By the term "positively modulate ß2-adrenergic receptor conformation", we mean the 
agent (or modulator) is capable of altering the three-dimensional shape and configuration of 
the receptor from its inactive to active conformation.

[0030] In one disclosure, the agent which positively modulates ß2-AR is capable of selectively 
modulating the ß2-adrenergic receptor conformation, or receptor activity, or activation thereof. 
Hence, the agent is a ß2-AR-selective positive modulator.

[0031] By the term "selectively modulate", we mean that the agent alters ß2-AR conformation, 
or enhances the ß2-AR activity, or activation thereof to a greater extent, or at lower doses, than 
other types of adrenergic receptors, ie α1-, α2-, ß1 -, or ß3-adrenergic receptors. Hence, it is 
preferred that the agent is selective for the beta adrenergic receptors, particularly for the ß2- 
adrenergic receptor.

[0032] In one disclosure, the chosen ß2-AR-selective positive modulator may nevertheless be 
used at a concentration at which positive modulation of other beta adrenergic receptor or 
receptors also takes place. For example, at a concentration of salbutamol which is considered 
to be suitable for topical treatment (5mM), it is expected that there would be activation of ß1- 
ARs as well as ß2-ARs. 5 mM salbutamol is reported to activate all pARs in Baker JG (2010) 
The selectivity of beta-adrenoceptor agonists at human betal-, beta2- and beta3- 
adrenoceptors. British journal of pharmacology 160: 1048-1061.
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[0033] An agent which positively modulates ß2-AR, may be capable of:-

1. (i) altering the conformational state of the receptor, for example by stabilizing the active 
conformation of the receptor and/or maintaining the receptor in its active conformation to 
thereby allow the receptor to bind its natural ligand, ie the catecholamines;

2. (ii) binding to the ß2-adrenergic receptor, and increasing, promoting or augmenting 
transmission at the receptor;

3. (iii) promoting or activating the downstream signalling pathways activated by the 
modulator binding to the receptor;

4. (iv) increasing, promoting or augmenting transcription, translation or expression of the 
ß2-adrenergic receptor;

5. (v) increasing synthesis or release of the ß2-adrenergic receptor, or agonists thereof, 
from intracellular stores; or

6. (vi) decreasing the rate of degradation of ß2-adrenergic receptor, or agonists thereof.

[0034] It will be appreciated that each of mechanisms (i) to (vi) results in altering transmission 
at the receptor, and hence the activity thereof, to thereby positively modulate the ß2- 
adrenergic receptor.

[0035] Suitably, the binding affinity value (Ki value) of the positive modulator for the ß2- 
adrenergic receptor is less than about 100nM, more suitably less than 80nM, and more 
suitably less than 50nM. Preferably, the Ki value of the positive modulator for the ß2-adrenergic 
receptor is less than 30nM, more preferably less than 15nM, and more preferably less than 
10nM. As noted above, the positive modulator for the ß2-adrenergic receptor may be used at 
concentrations considerably above these Ki values, for example in the mM range.

[0036] The agent, which positively modulates ß2-AR, is a ß2-adrenergic receptor agonist.

[0037] By the term "agonist", we mean a molecule that selectively binds to the ß2-adrenergic 
receptor to initiate the signal transduction reaction.

[0038] In one disclosure, a suitable agonist may be selected from a list of agonists consisting 
of a simple chemical organic or inorganic compound; a peptide; a protein; a nucleic acid; a 
sugar; an antibody (or an active fragment thereof); or any other biological or chemical agent; 
each of which is capable of altering receptor conformation/stability, or inducing the receptor's 
activity.

[0039] The term ß2-adrenergic receptor agonist, and many examples thereof, are well known 
to those skilled in the art. As is also well known to those skilled in the art, examples of ß2- 
adrenergic receptor agonists may include Levosalbutamol, Isoproterenol (ßi and ß2), 

Metaproterenol, Terbutaline, Isoetarine, pirbuterol, procaterol, ritodrine, epinephrine, fenoterol, 
butoxamine, salbutamol, Clenbuterol, formoterol, or salmeterol.
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All of these, as well as other ß2-adrenergic receptor agonists, are considered suitable for use 
in the present disclosure. However, in the invention, the ß2-adrenergic receptor-selective 
agonist is salbutamol, as described in the Examples. Salbutamol is a highly selective ß2-AR 
agonist, and will be known to the skilled technician.

[0040] The log Kj (dissociation constant) of salbutamol for ß1 is -4.66, for ß3 is -4.33, and for 

ß2 is -6.12. Hence, the log Kj is much lower for ß2-adrenergic receptor than for the ß1- or the 

ß3-AR. Salbutamol is therefore at least 29 times more selective for ß2-AR than for the ß1-AR, 
and 62 times more selective for ß2-AR than for the ß3-AR, and may therefore be described as 
being a ß2-AR-selective agonist. As noted above, salbutamol (for example) may be used at 
concentrations at which it is able to bind to all beta adrenergic receptor subtypes. For Kd 
values, see, for example, Baker JG (2005) The selectivity of beta-adrenoceptor antagonists at 
the human betal, beta2 and beta3 adrenoceptors. British journal of pharmacology 144: 317- 
322.

[0041] It will be appreciated that the ability of the uses and methods of the invention involving 
an agent which positively modulates ß2-AR as set out in the claims to improve scar skin colour 
match by reducing hyperpigmentation, mean that these methods and uses are of value in a 
wide range of clinical settings. The methods and uses according to the invention may be used 
to improve scar skin colour match by reducing hyperpigmentation, in the context of many 
different types of injury. For example, the methods and medicaments of the invention may be 
used improve scar skin colour match by reducing hyperpigmentation, in scars arising from 
penetrating wounds or non-penetrating wounds formed as a result of physical insults or injuries 
including (but not limited to): grazes, abrasions, surgical incisions, and other surgical 
procedures (particularly partial thickness grafts of tissues such as the skin), "burns" (which, 
except for where the context requires otherwise, may be considered to include tissue damage 
resulting from exposure to either high or low temperature, chemical agents or radiation), post- 
inflammatory hyperpigmentation (for example following eczema, psoriasis or acne see, for 
example, http://www.patient.co.uk/doctor/Post-inflammatory-Hyperpigmentation-of-Skin.htm), 
and other forms of trauma, iatrogenesis or genetic susceptibility.

[0042] By "trauma" we include the result of an incident of accidental or intentional acute injury 
to tissue (eg surgical incisions).

[0043] By "iatrogenic" we include the result of a medical treatment or therapy (eg radiotherapy; 
laser treatment).

[0044] It may be desirable to restrict application of the agent to the scar tissue itself (and tissue 
immediately adjacent to the scar) in order to minimise any potential darkening of the skin 
surrounding the scar. Typically the agent is applied into the initial wound to have the desired 
effect, as this may enhance reduction of hyperpigmentation by actively altering the cell 
behaviours during the wound healing process.

[0045] The agent may typically be applied topically but is also considered to be effective when 

http://www.patient.co.uk/doctor/Post-inflammatory-Hyperpigmentation-of-Skin.htm
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used systemically. It is considered that there is no evidence that systemic salbutamol, for 
instance, via injected, oral or inhaled route, promotes skin pigmentation, even though topical 
application of salbutamol to (non-damaged) skin is considered to promote skin pigmentation, 
as noted above. It is considered that systemic salbutamol in the blood is effective in the 
present invention, because it is delivered by capillaries into a wound site and is able to act to 
reduce hyperpigmentation of the wound, for example by reducing melanocyte recruitment to 
the wound.

[0046] It may be useful to useful to shield the wound from UV radiation. This may be achieved 
by a bandage or dressing (or similar), for example when the wound is open. When there is no 
open would and no bandage or dressing (or similar), for example when treating a scar 
undergoing remodelling, for example a just-healed scar, the application of a sunscreen, as well 
known to those skilled in the art, may be useful.

[0047] The present invention may be particularly useful in relation to more serious (for 
example typically larger and/or deeper) wounds, which may be more likely to develop 
hyperpigmentation. Typically scarring occurs when there has been damage to the dermis, but 
it is considered that hyperpigmentation may occur even without damage to the dermis (for 
example in a "scrape" injury).

[0048] The utility of the medicaments and methods of the invention are particularly suited to 
improve scar skin colour match by reducing hyperpigmentation, in dermal wounds, ie wounds 
in the skin.

[0049] The present invention may also be useful in reducing hyperpigmentation in other 
wounds, for example corneal wounds or scars. See, for example, the following reference, 
which indicates that melanocytes are found in regions of the cornea: Rohrbach JM, Susskind 
D, Grub M (2012) [The melanocyte and the eye: a review with special emphasis on the 
cornea]. Klinische Monatsblatter fur Augenheilkunde 229: 42-47. The present invention may be 
useful in preventing or reducing melanocyte migration into a wound or scar of the cornea ie 
useful in reducing scar pigmentation (hyperpigmentation) in the cornea.

[0050] The uses and methods according to the invention may be used for improving the scar 
skin colour match by reducing hyperpigmentation of a scar which may be selected from a 
group of scars consisting of acne scars, normal scars, scars from postinflammatory 
hyperpigmentation, keloid scars, hypertrophic scars and pterygium.

[0051] The methods and uses of the invention relating to agents which positively modulate ß2- 
AR as set out in the claims may be used in used for improving the scar skin colour match, for 
example reducing hyperpigmentation, which may be associated with grafting procedures. 
Treatment using the methods and medicaments of the invention will be beneficial both at a 
graft donor site (where it can aid reduction of hyperpigmentation and promote improved scar 
skin colour matching), and also at graft recipient sites (where it can also aid reduction of 
hyperpigmentation and promote improved scar skin colour matching). The inventor believes 
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that the methods and medicaments of the invention confer advantages in the contexts of grafts 
utilising skin, artificial skin, or skin substitutes.

[0052] Uses according to the invention relating to agents which positively modulate ß2-AR as 
set out in the claims may be applied to a wound site or a site which may result in scarring, as a 
graft or patch beside, underneath, or on top of the affected area and adjacent healthy tissue, 
as is amply described in the published literature. Hence, it should be appreciated that the 
agent, which positively modulates ß2-AR (eg an agonist) as set out in the claims, may be 
applied directly to the site to be treated. Alternatively, the positive modulator may be processed 
into a suitable therapeutically acceptable composition for subsequent application, such as an 
oil, cream, aerosol, hydrogel or liquid, depending on the treatment site, as described herein.

[0053] The uses relating to agents which positively modulate ß2-AR as set out in the claims 
may be used during skin transplantation, or as a biological dressing for burned skin, skin 
wounds, or as an adjunctive tissue in surgical reconstruction of artificial body parts.

[0054] The improvement of scar skin colour match by reduction in hyperpigmentation within 
the context of the present invention should be understood to encompass any improvement of 
scar skin colour match by reduction in hyperpigmentation as compared to the level of scar skin 
colour mismatch or hyperpigmentation occurring in a control-treated or untreated wound, ie 
one to which an agent, which positively modulates ß2-AR as set out in the claims, has not been 
administered. Typically they are used to improve scar skin colour match by reducing 
hyperpigmentation, in the skin of a patient who has been selected as being at risk of 
hyperpigmentation because their skin type can be assessed as Type III or higher (i.e., Type, 
III, IV, V or VI) on the Fitzpatrick scale. The reduction of hyperpigmentation or improvement in 
scar skin colour match achieved using methods and uses of the invention may be assessed 
with reference to either the microscopic and/or, preferably macroscopic, appearance of a 
treated scar as compared to the appearance of an untreated scar. More preferably, the 
reduction in hyperpigmentation or improvement in scar skin colour match may be assessed 
with reference to both macroscopic and microscopic appearance of a treated scar. By the term 
"treated scar", we mean a scar formed on healing of a treated wound, whereas an "untreated 
scar" means the scar formed on healing of an untreated wound, or a wound treated with a 
placebo or standard care. Suitable comparison scars may preferably be matched to the treated 
scar with reference to scar age, site, size and patient.

[0055] Methods for assessing scar skin colour match and scar hyperpigmentation will be 
known to those skilled in the art, as noted above. Any suitable method may be used, for 
example as set out above or in references [6]. [7], [8], [9]. For example, a scar assessment 
scale may be used, or a measurement device, which can give a measure of 
hyperpigmentation. Examples include a Mexameter or a DSM II Colourimeter, as mentioned 
above. A scar scale such as that described in Example 1 and Figure 2 may be used, which 
assesses scar pigmentation (level of hyperpigmentation); colour match with surrounding tissue; 
and sheen.
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[0056] It is considered that the methods or uses of the invention will have other beneficial 
effects on the scar (for example as set out in WO 2009/118541 and as reported in Example 1). 
Parameters for the macroscopic assessment of scars may include: (i) height of the scar; (ii) 
area of the scar; and (iii) the stiffness of the scar. A treated scar may demonstrate a reduction 
in scarring as assessed with reference to at least one of the parameters for macroscopic 
assessment set out above. A treated scar may demonstrate reduced scarring with reference to 
at least two of the parameters or all three of these parameters (in addition to improved skin 
scar colour match, for example reduced hyperpigmentation).

[0057] Suitable parameters for the microscopic assessment of scars may include:- (i) thickness 
of extracellular matrix (ECM) fibres; (ii) orientation of ECM fibres; (iii) ECM composition of the 
scar; and (iv) the cellularity of the scar. A treated scar may demonstrate a reduction in scarring 
as assessed with reference to at least one of the parameters for microscopic assessment set 
out above. A treated scar may demonstrate reduced scarring with reference to at least two of 
the parameters, at least three of the parameters, or all four of these parameters (in addition to 
an improved macroscopic or microscopic assessment of scar skin colour match or 
hyperpigmentation). A microscopic assessment of scar skin colour match or hyperpigmentation 
may be based on number, size or colour or distribution of melanocytes within the scar area. A 
reduction or an improvement in scarring of a treated wound may further be assessed with 
reference to suitable parameters used in the:-

1. i) macroscopic clinical assessment of scars, particularly the assessment of scars upon a 
subject;

2. ii) assessment of photographic images of scars; and
3. iii) microscopic assessment of scars, for example by histological analysis of the 

microscopic structure of scars.

[0058] It will be appreciated that an improvement in scarring of a treated wound may be 
indicated by improvement of one or more such suitable parameters, and that in the case of an 
improvement as assessed with reference to a number of parameters, that these parameters 
may be combined from different assessment schemes (eg improvement in at least one 
parameter used in macroscopic assessment and at least one parameter used in microscopic 
assessment). A reduction or improvement in scarring may be demonstrated by an 
improvement in one or more parameters indicating that a treated scar more closely 
approximates unscarred skin with reference to the selected parameter(s) than does an 
untreated or control scar.

[0059] Suitable parameters for the clinical measurement and assessment of scars may be 
selected based upon a variety of measures or assessments including those described by 
Beausang et al (1998, Plast. Reconstr. Surg. 102(6): 1954-1961) and van Zuijlen et al (2002, 
Plast. Reconstr. Surg. 109(3): 1108-22). An overall assessment of scarring may be made 
using, for example, a Visual Analogue Scale or a digital assessment scale. Hence, typically, 
suitable parameters may include: assessment with regard to Visual Analogue Scale (VAS) scar 
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score, scar height, scar width, scar perimeter, scar area or scar volume, appearance and/or 
colour of scar compared to surrounding unscarred skin, scar distortion and mechanical 
performance, scar contour and scar texture, collagen organisation, fibre thickness and fibre 
density. Each of these parameters will be known to the skilled technician. A reduction or 
improvement in scarring may be demonstrated by a change in any of these parameters such 
that a potential wound site or a scar treated with the positive modulator of ß2-AR more closely 
resembles unscarred skin than does a control or untreated scar.

[0060] It is preferred that the subject or individual is one who does not suffer from a lupus 
erythromatosus, for example Discoid Lupus Erythematosus (DLE).

[0061] The inventor believes that the methods and uses of the invention relating to agents 
which positively modulate ß2-AR as set out in the claims are able to improve scar skin colour 
match or reduce hyperpigmentation when administered either prior to wounding, or once a 
wound has already been formed. The methods or uses of the invention may be used 
prophylactically, ie at sites where no wound exists, but where a wound that would otherwise 
give rise to a scar or chronic wound may be formed. By way of example, uses in accordance 
with the invention may be administered to sites that are to undergo wounding as a result of 
elective procedures (such as surgery, eg plastic surgery), or to sites that are believed to be at 
elevated risk of wounding. It may be preferred that the uses of the invention are administered 
to the site immediately prior to the forming of a wound (for example in the period up to one 
hour, or up to six hours, before wounding).

[0062] The skilled technician will appreciate that the most preferred times of administration 
prior to formation of a wound will be determined with reference to a number of factors, 
including the formulation and route of administration of the selected medicament, the dosage 
of the medicament to be administered, the size and nature of the wound to be formed, and the 
biological status of the patient (which may be determined with reference to factors such as the 
patient's age, health, and predisposition to healing complications or adverse scarring). The 
prophylactic use of methods and uses in accordance with the invention is one preferred 
embodiment of the invention, and is particularly preferred in the improvement of scar skin 
colour matching or the reduction of hyperpigmentation in the context of surgical wounds.

[0063] The methods and uses of the invention are also useful to improve scar skin colour 
matching or the reduction of hyperpigmentation if administered after a wound has been 
formed. It is preferred that such administration should occur as early as possible after 
formation of the wound, but agents of the invention are able to improve scar skin colour 
matching or reduce hyperpigmentation at any time up until the healing process has been 
completed (ie even in the event that a wound has already partially healed, the methods and 
uses of the invention may be used to improve scar skin colour matching by reducing 
hyperpigmentation in respect of any remaining unhealed portion). It will be appreciated that the 
time-frame in which the methods and uses of the invention may be used to improve scar skin 
colour matching by reducing hyperpigmentation is dependent on the nature of the wound in 
question (including the degree of damage that has occurred, and the size of the wounded 
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area). Thus, in the case of a large wound, the methods and uses of the invention may be 
administered relatively late in the healing response yet still be able to improve scar skin colour 
matching by reducing hyperpigmentation. The methods and uses of the invention may, for 
instance, preferably be administered within the first 24 hours after a wound is formed, but may 
still improve scar skin colour matching or reduce hyperpigmentation if administered up to two, 
three, four, five, six, seven, eight, nine or ten, or more, days after wounding.

[0064] The methods and uses of the invention may be administered on one or more occasions 
as may be necessary in order to improve scar skin colour matching by reducing 
hyperpigmentation. For instance, therapeutically effective amounts of the uses may be 
administered to a wound as often as required until the healing process has been completed to 
improve scar skin colour matching by reducing hyperpigmentation. Scars can remodel for as 
long as two years after healing. By way of example, the uses of the invention may be 
administered daily or twice daily to a wound for at least the first 14 days following the formation 
of the wound. The uses of the invention may be used for up to two months and possibly even 
longer for larger scars, for example for one or two years, whilst the scar is continuing to 
remodel. This may be determined by histological examination over time to see the changes in 
the collagen architecture in the wound bed.

[0065] Most preferably, the methods or uses of the invention may be administered after 
formation of a wound. It will be appreciated that the amount of a composition of the invention 
that should be applied to a wound depends on a number of factors such as the biological 
activity and bioavailability of the agent present in the composition, which in turn depends, 
among other factors, on the nature of the ß2-adrenergic receptor agonist, and the mode of 
administration of the composition.

[0066] Generally, when uses or compositions in accordance with the invention are used to 
treat existing wounds, the composition should be administered as soon as the wound has 
occurred or been noticed (or in the case of wounds that are not immediately apparent, such as 
those at internal body sites, as soon as the wound has been diagnosed). Therapy with 
methods or uses in accordance with the invention should continue until the healing process 
has been completed, and scar skin colour match or hyperpigmentation improved, to a 
clinician's and patient's satisfaction.

[0067] It will be appreciated that the agent, which positively modulates ß2-AR as set out in the 
claims, and uses according to the invention may be used in a monotherapy (ie use of an agent, 
which positively modulates ß2-AR conformation, or receptor activity or receptor activation as 
set out in the claims alone), to improve scar skin colour matching by reducing 
hyperpigmentation. Alternatively, the agent, which positively modulates ß2-AR as set out in the 
claims, and uses according to the invention may be used as an adjunct to, or in combination 
with, known therapies for reducing scarring. For example, when the agent or use is used to 
improve scar skin colour matching by reducing hyperpigmentation, it may be used in 
combination with known anti-scarring therapeutics, such as corticosteroid injections, 
cryotherapy, topical silicone sheets, radiation, pressure garments and Imiquimod (Meier K and 
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Nanney L, B, Expert Opinion in Emerging Drugs (2006) 11(1), 39). It may be used in 
combination with a moisturiser, examples of which will be well known to those skilled in the art.

[0068] Uses of the invention may be administered by any suitable route capable of achieving 
the desired effect, of improving scar skin colour matching by reducing hyperpigmentation. It is 
preferred that the uses are administered locally at the wound site. Hence, the agent, which 
modulates ß2-AR as set out in the claims, and uses according to the invention may be 
combined in pharmaceutical compositions having a number of different forms depending, in 
particular, on the manner in which the composition is to be used. Thus, for example, the 
composition may be in the form of a powder, tablet, capsule, liquid, ointment, cream, gel, 
hydrogel, aerosol, spray, micellar solution, transdermal patch, liposome suspension or any 
other suitable form that may be administered to a subject in need of treatment. It will be 
appreciated that the vehicle of medicaments according to the invention should be one which is 
well-tolerated by the subject to whom it is given. The vehicle or agent may be or may be 
incorporated into a plaster, bandage, wound dressing or other occlusive, protective product 
used in standard wound care.

[0069] Alternatively, or additionally, medicaments of the invention may be administered in a 
topical form. Such administration may be effected as part of the initial and/or follow up care for 
the wounded area. The inventors believe that improved scar skin colour matching or reduced 
hyperpigmentation is particularly improved by topical application of a ß2-AR positive modulator 
as set out in the claims to a wound (or, in the case of prophylactic application, to a tissue or 
site where a wound could be formed). Thus, for example, suitable medicaments may be in the 
form of a liquid, ointment, cream, gel, hydrogel, powder or aerosol. All of such compositions 
are suitable for topical application to a wound, which is a preferred means of administering the 
ß2-AR positive modulator as set out in the claims to a subject (eg a person or animal) in need 
of treatment. It is preferred that such formulations are applied directly to a wound site, (or at 
least adjacent a wound site). Thus, the formulation may be applied in and surrounding a 
wound site.

[0070] Alternatively, the ß2-AR positive modulator as set out in the claims or medicament may 
be provided on a vehicle (such as a sterile dressing or patch), which may be used to cover a 
wound site. Thus, the ß2-AR positive modulator may for example be incorporated into a 
plaster, bandage, wound dressing or other occlusive, protective product used in standard 
wound and scar care. It will be appreciated that the vehicle should be one that is well-tolerated 
by the patient and allows release of the active agent to the wound. Such a vehicle is preferably 
biodegradable, bioresolveable, bioresorbable and/or non-inflammatory.

[0071] The ß2-AR positive modulator as set out in the claims used in accordance with the 
invention may also be incorporated within a slow or delayed release device. Such devices may, 
for example, be inserted on or under the skin, and the medicament may be released over 
days, weeks or even months. The device may be located at least adjacent the treatment site, 
eg directly on a wound site. Preferably, the medicament is applied in and/or around a wound in 
order to improve scar skin colour matching or reduce hyperpigmentation. Such devices may be 
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particularly advantageous when long-term treatment with the ß2-AR positive modulator as set 
out in the claims is required and which would normally require frequent administration (eg at 
least daily injection).

[0072] In one embodiment, a pharmaceutically vehicle for administration of the ß2-AR positive 
modulator as set out in the claims may be a liquid, and a suitable pharmaceutical composition 
would be in the form of a solution. In another embodiment, the pharmaceutically acceptable 
vehicle is a solid, and a suitable composition of the medicament according to the invention is in 
the form of a powder or tablet. In a further embodiment, the ß2-AR positive modulator may be 
formulated as a part of a pharmaceutically acceptable transdermal patch.

[0073] The inventors believe that optimum improvement in scar skin colour matching or 
reduction in hyperpigmentation may be effected by the administration of an agent, which 
positively modulates ß2-AR as set out in the claims, by injection at or around the wound site. 
For instance, in the case of dermal wounds, the positive modulator of ß2-AR may be 
administered by means of intradermal injection. Thus, a preferred medicament in accordance 
with the invention comprises a solution of an agent, which positively modulates ß2-AR, which is 
injectable directly into a site requiring treatment (eg for injection around the margins of a site of 
epithelial damage or a site likely to be damaged). Hence, in a preferred embodiment, the 
medicament may be injected into a wound, or the site of an impending surgical incision. 
Injections may be intravenous (bolus or infusion) or subcutaneous (bolus or infusion), or 
intradermal (bolus or infusion). It is also envisaged that medicaments according to the 
invention may be administered systemically to a subject by injection into the blood stream.

[0074] Although the utility of the uses and methods of the invention are particularly suited to 
reduce hyperpigmentation in dermal wounds, it will be appreciated that they may also be used 
to reduce hyperpigmentation of wounds in other tissues. Hyperpigmentation of scars produced 
by the healing of wounds in tissues other than the skin may also have detrimental effects. The 
scar may be internal or external, and may be on any part of the subject's body. Specific 
examples of such tissues include (but are not limited to) scars occurring as a result of wound 
healing in the central nervous system (eg following neuro-surgery or penetrating injuries of the 
brain); scars occurring as a result of wound healing in the eye; scarring occurring as a result of 
acne; scarring in the heart (eg following surgery or myocardial infarction); scars occurring as a 
result of wound healing involving the abdomen or pelvis; scarring arising as a result of wound 
healing in the pelvis in the region of the fallopian tubes; scarring following injury to muscles; 
and scarring or fibrosis following injury to tendons and ligaments.

[0075] Reduction of hyperpigmentation may be particularly important when treating 
ophthalmological conditions as a scar on the eye, which will often result in loss of vision quality. 
Hence, medicaments of the invention may be used in the treatment of ophthalmological 
conditions, such as persistent epithelial defects, neurotrophic keratitis, bullous keratopathy, 
excision of lesions, such as tumour of conjunctiva, and in association with stem cell transplant 
surgery.
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[0076] Uses of the invention comprising the ß2-AR positive modulator as set out in the claims 
are suitable to be used for reducing hyperpigmentation in the cornea. Corneal wounds may 
result from trauma to the eye arising as a result of accidental injury, or as a result of surgical 
operations (eg laser surgery on the cornea). In this case, a preferred use of the invention may 
be in the form of an eye drop.

[0077] Medicaments comprising the agent, which positively modulates ß2-AR as set out in the 
claims, may be used to treat external wounds, ie on an external surface. However, 
medicaments comprising the ß2-AR positive modulator may also be used to treat internal 
wounds, ie wounds occurring within the body on an internal surface. Thus, for example 
medicaments in accordance with the invention may be formulated for inhalation (eg an 
aerosol) for use in wounds arising in the lungs or other respiratory epithelia.

[0078] It will be appreciated that the amount of the ß2-AR positive modulator as set out in the 
claims that is required is determined by its biological activity and bioavailability, which in turn 
depends on the mode of administration, the physicochemical properties of the agent and 
whether the agent is being used as a monotherapy or in a combined therapy. The frequency of 
administration will also be influenced by the above-mentioned factors and particularly the half­
life of the agent within the subject being treated. Optimal dosages to be administered may be 
determined by those skilled in the art, and will vary with the particular agent in use, the strength 
of the pharmaceutical composition, the mode of administration, and the advancement of the 
scarring disease. Additional factors depending on the particular subject being treated will result 
in a need to adjust dosages, including subject age, weight, gender, diet, and time of 
administration.

[0079] Typically the amount of a ß2-AR modulator as set out in the claims required for use in 
the individual to effect the treatment will be within the range of 0.001 ng to 100mg of the agent 
per 24 hours, although this figure may be modified upwards or downwards in response to the 
factors outlined above. For treatment of a wound site, the amount of the ß2-AR positive 
modulator to be administered may preferably be 50 to 500ng per linear centimetre of epithelial 
damage in the wound site. Generally, a daily dose of between 0.001 pg/kg of body weight and 
10mg/kg of body weight of the ß2-AR positive modulator may be used for improving skin colour 
matching or reducing hyperpigmentation depending upon which modulator is used. More 
preferably, the daily dose of the ß2-AR positive modulator is between 0.1 mg/kg of body weight 
and 4mg/kg of body weight, more preferably between 0.3mg/kg and 2mg/kg body weight, and 
most preferably between approximately 0.5mg/kg and 1 mg/kg body weight. For example in the 
examples approximately 0.7mg/kg/day was used in the pig study. The maximum human oral 
dose is considered to be around 0.65mg/kg/day (as indicated on, for example the Ventolin 
(inhaled salbutamol) data sheet). See also, for example, Hutchings et al (1987) Br J Clin 
PHarmacol 24, 69-75 and Morgan et al (1986) Br J Clin Pharmacol 22, 587-593 which 
considered oral dosing. For example, 4mg orally every 8 hours or iv at 400pg/min both gave 
steady state plasma concentrations of around 10ng/ml.

[0080] Frequency of administration will depend upon the biological half-life of the medicament 
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used. Typically a cream or ointment containing the positive modulator of ß2-AR should be 
administered to a target tissue such that the concentration of the modulator at the treatment 
site, such as a wound is maintained at a level suitable for having a therapeutic effect. This may 
require administration daily, or even several times daily. Daily doses may be given as a single 
administration (eg a single daily injection or application of a volume of gel). Alternatively, the 
ß2-AR positive modulator may require administration twice or more times during a day. As an 
example, the ß2-AR positive modulator may be administered as two (or more, depending upon 
the severity of the condition being treated) daily doses of between 0.07pg and 700mg (ie 
assuming a body weight of 70kg). A patient receiving treatment may take a first dose upon 
waking and then a second dose in the evening (if on a two dose regime), or doses at 3- or 4- 
hourly intervals.

[0081] Alternatively, a slow or delayed release device may be used to provide optimal doses of 
the ß2-AR positive modulator to a patient without the need to administer repeated doses. Such 
devices may, for example, be placed on or inserted under the skin and the ß2-AR positive 
modulator may be released over days, weeks or even months. Such a device may be 
particularly useful for patients that require long-term reduction of scarring or 
hyperpigmentation, for example in a remodelling scar (it may not be so useful for patients with 
a chronic wound. The devices may be particularly advantageous when used for the 
administration of a ß2-AR positive modulator, which would normally require frequent 
administration (eg at least daily administration by other routes).

[0082] Known procedures, such as those conventionally employed by the pharmaceutical 
industry (eg in vivo experimentation, clinical trials, etc.), may be used to form specific 
formulations ofthe agents according to the invention and precise therapeutic regimes (such as 
daily doses of the agents and the frequency of administration).

[0083] Hence, in a further aspect of the invention, there is provided an anti-scar 
hyperpigmentation composition comprising a therapeutically effective amount of an agent, 
which positively modulates ß2-AR conformation, or receptor activity, or activation thereof as set 
out in the claims, and optionally a pharmaceutically acceptable vehicle; and optionally a UV 
absorbing agent (typically a dermally acceptable UV absorbing agent, such as used in a 
sunscreen composition). The composition may typically be for topical administration and may 
comprise a moisturiser and/or other components typically present in a sunscreen composition, 
for example. Sun screen compositions are described in, for example, WO2012170695, 
EP2529724, EP1928401.

[0084] By the term "anti-scar hyperpigmentation composition", we mean a pharmaceutical 
compound used in the therapeutic prevention, reduction or inhibition of scar hyperpigmentation 
in a patient.
The composition may be a cosmetic composition. It is preferred that the composition is a 
therapeutic composition.
We also provide in a further aspect, a process for making the composition according to the 
above aspects, the process comprising combining a therapeutically effective amount of an 
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agent, which positively or negatively modulates ß2-AR conformation, or receptor activity, or 
activation thereof (as the case may be), with a pharmaceutically acceptable vehicle and 
optionally other agents such as a UV absorbing agent.

[0085] The agent, which positively modulates ß2-AR, in the composition according to the 
above aspects is salbutamol. In other disclosures, the agonist may be selected from a list of 
agonists consisting of a simple chemical organic or inorganic compound; a peptide; a protein; a 
nucleic acid; a sugar; an antibody (or an active fragment thereof); each of which are capable of 
altering receptor conformation/stability, or inducing the receptor's activity. The ß2-AR-selective 
agonist may be Levosalbutamol, Isoproterenol (ßi and ß2), Metaproterenol, Terbutaline, 

Isoetarine, pirbuterol, procaterol, ritodrine, epinephrine, fenoterol, butoxamine, salbutamol, 
Clenbuterol, formoterol, or salmeterol, for example. However, a preferred ß2-AR-selective 
agonist in the composition is salbutamol.

[0086] A "therapeutically effective amount" of agent is any amount which, when administered 
to a subject, results in an improvement in skin scar colour matching or a reduction in scar 
hyperpigmentation in the subject.

[0087] For example, the therapeutically effective amount of agent used may be from about 
0.07 pg to about 700 mg, and preferably from about 0.7 pg to about 70 mg. It is preferred that 
the amount of agent is an amount from about 7 pg to about 15 mg for topical application, and 
from about 7 pg to about 700 pg for intravenous application.

[0088] A "pharmaceutically acceptable vehicle" as referred to herein, is any known compound 
or combination of known compounds that are known to those skilled in the art to be useful in 
formulating pharmaceutical compositions.

[0089] In one embodiment, the pharmaceutically acceptable vehicle may be a solid, and the 
composition may be in the form of a powder or tablet. A solid pharmaceutically acceptable 
vehicle may include one or more substances which may also act as flavouring agents, 
lubricants, solubilisers, suspending agents, dyes, fillers, glidants, compression aids, inert 
binders, sweeteners, preservatives, dyes, coatings, or tablet-disintegrating agents. The vehicle 
may also be an encapsulating material. In powders, the vehicle is a finely divided solid that is in 
admixture with the finely divided active agents according to the invention. In tablets, the active 
agent may be mixed with a vehicle having the necessary compression properties in suitable 
proportions and compacted in the shape and size desired. The powders and tablets preferably 
contain up to 99% of the active agents. Suitable solid vehicles include, for example calcium 
phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, 
polyvinylpyrrolidine, low melting waxes and ion exchange resins. In another embodiment, the 
pharmaceutical vehicle may be a gel and the composition may be in the form of a cream or the 
like.

[0090] In a preferred embodiment, the pharmaceutical vehicle is a liquid or cream, and the 
pharmaceutical composition is in the form of a solution or a gel. Liquid vehicles are used in 
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preparing solutions, suspensions, emulsions, syrups, elixirs and pressurized compositions. The 
active agent according to the invention may be dissolved or suspended in a pharmaceutically 
acceptable liquid vehicle such as water, an organic solvent, a mixture of both or 
pharmaceutically acceptable oils or fats. The liquid vehicle can contain other suitable 
pharmaceutical additives such as solubilisers, emulsifiers, buffers, preservatives, sweeteners, 
flavouring agents, suspending agents, thickening agents, colours, viscosity regulators, 
stabilizers or osmo-regulators. Suitable examples of liquid vehicles for oral and parenteral 
administration include water (partially containing additives as above, eg cellulose derivatives, 
preferably sodium carboxymethyl cellulose solution), alcohols (including monohydric alcohols 
and polyhydric alcohols, eg glycols) and their derivatives, and oils (eg fractionated coconut oil 
and arachis oil). For parenteral administration, the vehicle can also be an oily ester such as 
ethyl oleate and isopropyl myristate. Sterile liquid vehicles are useful in sterile liquid form 
compositions for parenteral administration. The liquid vehicle for pressurized compositions can 
be a halogenated hydrocarbon or other pharmaceutically acceptable propellant.

[0091] Liquid pharmaceutical compositions which are sterile solutions or suspensions can be 
utilized by, for example, intramuscular, intrathecal, epidural, intraperitoneal, intravenous and 
particularly subcutaneous injection. The ß2-AR positive modulator may be prepared as a sterile 
solid composition that may be dissolved or suspended at the time of administration using 
sterile water, saline, or other appropriate sterile injectable medium.

[0092] The agents and compositions ofthe invention may be administered orally in the form of 
a sterile solution or suspension containing other solutes or suspending agents (for example, 
enough saline or glucose to make the solution isotonic), bile salts, acacia, gelatin, sorbitan 
monoleate, polysorbate 80 (oleate esters of sorbitol and its anhydrides copolymerized with 
ethylene oxide) and the like. The agents used according to the invention can also be 
administered orally either in liquid or solid composition form. Compositions suitable for oral 
administration include solid forms, such as pills, capsules, granules, tablets, and powders, and 
liquid forms, such as solutions, syrups, elixirs, and suspensions. Forms useful for parenteral 
administration include sterile solutions, emulsions, and suspensions.

[0093] A topical formulation may be particularly useful. A gel of hydrocolloid or other suitable 
composition, for example, may be useful, as it may stay in the wound for a useful period of 
time and provide release of the active agent or agents over time. See, for example, 
EP0928206, EP0567311. As noted above, a dressing formulation may also be particularly 
useful.

[0094] For a better understanding of the invention, and to show how embodiments of the same 
may be carried into effect, reference will now be made, by way of example, to the following 
Examples and accompanying Figures.

Figures
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[0095]

Figure 1: Wound positions, showing position T/10

Figure 2: Scar appearance at day 56- position T/10. Scaled and cropped pictures H8cm x W 
7.11.

Figure 3: Day 56 - Scars. Salbutamol-treated scars were less hyper-pigmented, the scar colour 
matched better with surrounding tissue, they were more pliable and less firm, raised and shiny 
than control scars at day 56 post-wounding (P<0.0001).

Figure 4: Wound positions and biopsy sampling schedule

Figure 5: Scar appearance

Figure 6: Scar area

Figure 7: melanogenesis

Example 1: Salbutamol reduces scar hyperpigmentation and improves skin-scar colour 
match in a porcine wound model

Red Duroc Model

[0096] Anatomically and physiologically, porcine skin is very similar to human skin [19]. 
Wounds in small mammal skin, which is untethered, heal primarily by wound contraction [20], 
whereas porcine and human skin wounds close primarily by wound re-epithelialisation [21], 
The Red Duroc pig is well established as a reproducible model of fibro proliferative and 
hypertrophic scar formation [22,23]. Similar to human hypertrophic scars, Red Duroc pigs heal 
wounds with an excessive amount of collagen deposition and increased wound contraction 
[23]. In addition, the wounds heal with hyperpigmentation at the wound margins [22] creating 
hyperpigmented scars [24] and the scars are raised, similar to human scars [25]. Indeed, the 
Red Duroc scar model has been evaluated and used by multiple groups [26,27,28,29] and is 
ideal for testing therapeutic interventions to reduce scarring [22,26]. A porcine wound scar 
study was conducted in the Red Duroc pig. 4 rows of 5 (2 x 2 cm) full-thickness wounds were 
created, either side of the spine, on the shaved backs of 10 Red Durocs (Figures 1, 4). 5 
control and 5 treatment pigs were treated with 500μΙ of Granugel alone, or containing 5mM 
salbutamol, per wound daily. Two wounds per animal were biopsied (6mm punch) at 7, 14, 21, 
28 and 42 days post wounding. The remaining 10 wound scars per animal were photographed 
and harvested at day 56 post-wounding, giving a total of 5 wounds per position, 50 wounds in 
total for each group.
A number of scales have been developed to score the severity of human scars. The Vancouver
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scar scale (VSS) [7], the Manchester scar scale (MSS) [8] and the patient and observer scar 
assessment scale (POSAS) [9]. We developed our own scale to score the severity of the Red 
Duroc scars based on the VSS [7] and the MSS [8].The patient and observer scar assessment 
scale (POSAS) could not be used as it requires patient involvement [9].

[0097] The VSS measures four parameters: pigmentation, vascularity, pliability and height [7], 
while the MSS measures colour, contour, distortion and texture [8]. Our scar scale was 
developed to score a number of scar characteristics including: pigmentation, colour match with 
surrounding tissue, skin sheen, pliability, texture and height contour.
Salbutamol treatment significantly improved the scores for pigmentation, colour match and 
sheen by 48%, 44% and 53%, respectively (Figure 2). Pliability, texture and height contour 
scores improved by 22%, 22% and 34%, respectively.

[0098] The best three scars at position 10 (Figure 1) from control and salbutamol-treated 
wounds are shown (Figure 3).

[0099] In conclusion, salbutamol treatment significantly improved scar hyperpigmentation in a 
well-known scar/wound hyperpigmentation model.

Other parameters

[0100] The scar closest to the average scar area, at each position, for both control and sal- 
treated wounds are presented (Fig. 5b). Scar area was reduced by 47.1% upon sal treatment, 
56 days post wounding (Fig. 6a). Indeed, by day 28 and 42 post-wounding the scar area of the 
sal-treated wounds was already 34.1% and 37.7% smaller than control wounds (Fig. 6a; 
***P<0.001).

[0101] Wound area was also measured in early time points. No significant difference was 
observed in re-epithelialisation rates between control and sal-treated wounds (results not 
shown). Sal-treated wounds were significantly less swollen (11% smaller) after 7 days, 
indicating a reduction in wound inflammation, which will be confirmed by immunohistochemistry 
(IHC). After 14 days, Sal-treated wounds were significantly less contracted (23% larger) than 
control wounds, indicating a reduction in fibroblast function, and by 28 days the sal-treated 
wounds were slightly smaller than control wounds (Fig. 6b; **P<0.01; ***P<0.001).
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Comparative Example 1: Role ofthe Beta-adrenoceptor in melanogenesis

[0103] The catecholamines noradrenaline and adrenaline, are synthesized by a series of 
enzymes (Figure 7) in the central nervous system, sympathetic nerves and the chromaffin cells 
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of the adrenal medulla and act as neurotransmitters and endocrine hormones [1]. In addition, a 
number of reports have demonstrated that the cells of the epidermis, keratinocytes, express 
the key enzymes that convert L-tyrosine to noradrenaline (tyrosine hydroxylase (TH)) and 
adrenaline (phenylethanolamine-N-methyltransferase (PNMT)) [2,3] and, indeed, can secrete 
adrenaline [4], In contrast, melanocytes express the enzymes to synthesise noradrenaline, 
including tyrosine hydroxylase, but not adrenaline [5].
The catecholamines act through adrenergic receptors [6], classified into alpha and beta 
adrenoceptors on the basis of their pharmacology [7] The Beta-adrenergic receptors (ßARs; 
ß1AR, ß2AR, ß3AR) are G protein-coupled receptors recognized as pivotal functional 
regulators of the cardiac, pulmonary, vascular, endocrine and central nervous systems [8].
Recent work has revealed that the ß2AR is also an important functional regulator in skin. The 
ß2AR is highly expressed on all cell lineages in skin [9,10,11,12,13] (reviewed in [14]) including 
keratinocytes [13,15] and melanocytes [5], therefore, a functional autocrine and paracrine beta 
adrenergic network exists in the epidermis and the dermis, respectively. The beta adrenergic 
network plays a role in keratinocyte differentiation [16] vitiligo [2,17], atopic eczema [2] and 
wound repair [4,14,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33]

[0104] In particular, recent research has revealed a role for the beta adrenergic network in 
skin pigmentation. Adrenaline secreted from keratinocytes specifically increased melanin 
production in melanocytes via the ß2AR and the downstream elevation of cAMP [5]. In addition, 
the catecholamine synthesis enzyme TH acts in concert with tyrosinase in the melanocyte to 
promote pigmentation [34], Indeed, it is well known that exposure to UV radiation induces skin 
hyperpigmentation or tanning. Under experimental conditions, UVB exposure induced 
adrenaline release from keratinocytes, which activated melanogenesis in melanocytes [35], via 
ß2AR activation [5], while noradrenaline had no effect [35], supporting a paracrine beta 
adrenergic mechanism for UV-induced melanogenesis in the skin. Moreover, expression 
profiling of the UVB response in melanocytes has identified the ß2AR gene (ADRB2) as a gene 
that was up-regulated 2.8 fold upon UV radiation exposure. In addition, ADRB2 expression was 
also lost in melanomas, suggesting a possible protective role in melanoma [36].Finally, several 
orthologs of beta adrenoceptors have been discovered in zebrafish, which differed in their 
expression patterns. Adrb2a, the ortholog of ß2AR, was expressed in brain and skin and the 
knock-down of adrb2a revealed a function role in pigmentation [37], Indeed, gene expression 
profiling of age spots (solar lentigo) revealed that ßAR expression was elevated in the age spot 
compared to non-involved skin [38]. In melanoma cells, siRNA knock-down of either ß1AP or 
ß2AR reduced melanin production to only 31% and 39% of control production, respectively, 
while ßAR agonists increased melanin synthesis by 150% [38]. In contrast, a ßAR antagonist, 
undecylenoyl phenylalanine, suppressed melanin production and had a skin lightening effect 
{Gillbro, 2011 #5810}, when added topically to Chinese females with age spots [38]. In 
summary, evidence supports the hypothesis that ß2AR activation promotes melanogenesis, 
increasing skin pigmentation.
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Patentkrav

1. Ikke-terapeutisk kosmetisk fremgangsmåde til forbedring af farvetilpasning 
af hudar ved at reducere hyperpigmentering af ar, hvilken fremgangsmåde 
omfatter indgivelse afen virksom mængde af salbutamol til et individ med be­
hov herfor.

2. Salbutamol til anvendelse ved terapeutisk forbedring af farvetilpasning af 
hudar ved at reducere hyperpigmentering af ar hos et individ med behov her­
for.

3. Fremgangsmåde eller salbutamol til anvendelse ifølge et hvilket som helst 
af de foregående krav, hvor individet har behov for forbedring af farvetilpasning 
af hudar ved reduktion af hyperpigmentering af ar, fordi individet har eller risi­
kerer at få hyperpigmentering.

4. Fremgangsmåde eller salbutamol til anvendelse ifølge krav 3, hvor individet 
er udvalgt som havende risiko for at få hyperpigmentering på basis af en eller 
flere af følgende faktorer:
• individet har tidligere udviklet hyperpigmentering af et ar
• individet bliver let solbrændt ved udsættelse for sollys eller ultraviolet (UV) 
stråling, frem for at blive forbrændt
• individet er af ikke-kaukasisk racemæssig oprindelse
• individets hudfarve (f.eks. på et område, der ikke er solbrændt) anses for at 
være mørkere end den typiske hudfarve hos en naturligt lyshåret kaukasisk 
person.

5. Fremgangsmåde eller salbutamol til anvendelse ifølge krav 3 eller 4, hvor 
individet er udvalgt som havende risiko for hyperpigmentering, fordi individet 
er mindst overvejende af kinesisk, sort-afrikansk, asiatisk eller sydeuropæisk 
racemæssig oprindelse, og/eller hvis individets hudtype kan vurderes i hen­
hold til Fitzpatrick-skalaen som type III, IV, V eller VI.

6. Fremgangsmåde eller salbutamol til anvendelse ifølge et af de foregående 
krav, hvor individet har behov for forbedring af farvetilpasning af hudar ved at



DK/EP 2964206 T3

5

10

15

20

2

reducere hyperpigmentering af ar, for et ar, der skyldes et eller flere af penet- 
rerende sår eller ikke-penetrerende sår dannet som følge af fysiske krænkel­
ser eller skader, herunder: skrammer, hudafskrabninger, kirurgiske incisioner 
og andre kirurgiske indgreb, forbrændinger, postinflammatorisk hyperpigmen­
tering (f.eks. efter eksem, psoriasis eller akne) og andre former for traumer, 
iatragenese eller genetisk disposition.

7. Fremgangsmåde eller salbutamol til anvendelse ifølge et hvilket som helst 
af de foregående krav, hvor salbutamol er til topisk eller systemisk indgivelse.

8. Fremgangsmåde eller salbutamol til anvendelse ifølge krav 6, hvor såret 
beskyttes mod UV-stråling.

9. Fremgangsmåde eller salbutamol til anvendelse ifølge et hvilket som helst 
af de foregående krav, hvor salbutamol er inkorporeret i et hæfteplaster, en 
bandage, sårforbinding eller andet okkluderende, beskyttende produkt, der an­
vendes til normal sårbehandling, eller et farmaceutisk acceptabelt transder- 
malt plaster eller en gel af hydrokolloid eller anden egnet sammensætning.

10. Sammensætning mod hyperpigmentering afar, omfattende en terapeutisk 
virksom mængde af salbutamol til anvendelse til terapeutisk forebyggelse af 
hyperpigmentering af ar eller til anvendelse til terapeutisk reduktion af hyper­
pigmentering af ar, eventuelt hvor sammensætningen endvidere omfatter en 
farmaceutisk acceptabel vehikel; og eventuelt et UV-absorberende middel.
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