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METHOD TO MODULATE PIGMENTATION PROCESS IN THE
MELANOCYTES OF SKIN

FIELD OF THE INVENTION

The invention involves modulating visible pigmentation of skin. The present
invention deals with the role of [FN-y in stalling the maturation of melanosomes at stage |
and Il leading to hypopigmentation and restoring the process on its removal. The overall
pigmentation process consists of melanosome formation in early stages I and Ii, melz:minﬁ
synthesis, melanosome maturation and subsequent transfer of melanosomes to
keratinocytes. The process of melanosome maturation can be modulated in a predictable
manner by controlling the concentrations of IFN-y. The current invention relates to the use

of IFN-y and its agonists and antagonists in modulating pigmentation in humans for

clinical or cosmaceutical purposes.

BACKGROUND OF THE INVENTION

Pigmentation is a unique process involving two cell types from human epidermis —
melanocytes and keratinocytes. Melanocytes produce melanin polymers inside an
organelle, melanosome, through a series of distinctly defined programmed concerted steps
and then transfer pigmented melanosomes to keratinocytes (Hu et al., 2007). The pigment
observed in the skin is due to the presence of melanosomes in keratinocytes. The complete
process of pigmentation can be broadly divided into four distinct biclogical processes — 1)
initiation of melanosome formation 2) melanosome maturation in stages I, H, Il and IV
involving trafficking of several proteins 3) melanin biosynthesis in stage Il and IV of
melanosomes maturation 4) transfer of stage Il and IV melanosomes to keratinocytes.
Disruption in any of these steps can lead to altered levels of skin pigmentation. Maturation
of organelles is a very important component of cellular programming in human body. In
the present invention, we show that interferon-y (IFN-y) directly regulates the process of
melanosome maturation and transfer from melanocytes, thereby affecting the complete
process of skin pigmentation. Hypopigmentation as well as hyperpigmentation are clinical

manifestations of various pathological conditions and are also of cosmetic importance.
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Induction of pigmentation is considered a regulated differentiation program of
melanocytes. Studies in the past have identified several genes involved in this process.
Many of these observations have originated from mouse genetics and currently close to
120 loci are known to be involved in the regulating pigmentation (Bennett and Lamoreux,
2003). Of these, Tyrosinase (TYR), Tyrosinase related protein-1 (TYRPI/TRP-1) and
Dopachrome tautomerase (DCT/TYRP2) are the enzymes that catalyze melanin synthesis.
The key transcription factor MITF is known to orchestrate the events during
melanogenesis through these three central enzymes. Some of the cues for triggering the
cells to initiate and sustain melanin synthesis are also well known. Melanotropic factors
like HGF, SCF, ET are secreted by neighbouring keratinocytes and fibroblasts (Yamaguchi
et al., 2007; Yamaguchi and Hearing, 2009). These factors regulate cell proliferation and
melanogenesis. a-MSH signalling appears to be central based on multiple lines of evidence
from genetic to animal model studies. Recently it has come to light that a-MSH secretion
by keratinocytes is mediated by p53 and thereby the control of pigmentation occurs in a
paracrine manner (Cui et al., 2007). The interconnections between signalling pathways that
positively regulate melanogenesis are complex and are only beginning to be understood.
The well studied hyperpigmenting condition is exposure of skin to UV rays, that triggers a
series of short and long term effects that result in increased pigmentation (Choi et al.,,
2010). This response includes secretion of melanogenic factors and increase in melanocyte
dendricity in anticipation of melanosomal transfer (Scott et al., 2006). It is surprising that
so many pathways and effectors are known to increase pigmentation, but very little is
known about active reversal of this process.

Multiple lines of evidence suggest presence of melanocytes with decreased pigment
under physiological and patho-physiological conditions. Developmentally, melanocytes
initiate from the neural crest as non-pigmented precursor cells. These cells migrate to skin
and become pigmented melanocytes. A rare manifestation of malignant melanoma in the
form of amelanotic lesions is observed and is often associated with poor prognosis.
Similarly cells bearing lesser amount of the melanin are detected when melanocytes are
cultured under defined conditions in vitro and these cells have been termed as

melanoblasts. Further, clinical conditions like post-inflammatory hypopigmentation are
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known where melanin is temporarily lost from the skin. The pathways by which
pigmentation is actively suppressed in these conditions remains to be investigated. It is
also not clear whether melanin synthesis is the only step where pigmentation is regulated,
several studies indicate that the regulation of pigmentation could be brought about at the
level of 1) melanosome maturation 2) melanosome dispersal within cells (Richardson et
al., 2008} 3) transfer of melanosomes from melanocytes to keratinocytes (Seiberg et al.,
2000) 4) degradation/removal of melanin from the cells.

Decreasing melanin content is of importance from a cosmaceutical perspective.
Despite this, agents that could suppress or reverse the pigmented state are limited. It is not
clear whether shutting down melanogenesis through MITF alone is sufficient to reverse the
default pigmented state. Alternately, there could be pathways actively suppressing the
melanogenesis program independent of MITF. Using appropriate model systems and with
the wealth of information available from the biology of pigment cells, it is currently
possible to recreate cellular changes and understand these using holistic approaches, There
are a number of compounds known that interfere with the process of pigmentation. Among
them the main class of molecules belong to the category of melanogenesis inhibitors.
These compounds reversibly inhibit TYR enzyme and result in decreased melanin content.
Molecules like kojic acid belong to this category. The other class of compounds could be
classified as suicide substrates; inhibitors that in fact are substrates for TYR but do not
participate in further melanin synthesis or are irreversible inhibitors. Molecules like
hydroquinones and their derivatives that represent this category of inhibitors are
extensively used, but they have undesirable side. effects as they interfere with other cellular
processes as well. Another class of compounds act by targeting the TYR protein level.
These compounds cause the protein to misfold, thereby reducing its activity. Many other
small molecule inhibitors are known to decrease melanogenesis and some of their
functions are well characterized. One of the main side effects of inhibiting melanogenesis
is the leaking of intermediates resulting in cell cytotoxicity, which could trigger
autoimmunity. Therefore a more biological way of controlling melanogenesis is very much

sought by the cosmetic industry.
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There are very few pathways known by which cells that make melanin can be made
to reduce the level of pigmentation. In this invention we have disclosed how cells maintain
a hypopigmented state by use of the interferon pathway. Microarray suggested that many
of the genes involved in pigmentation, like TYRP1, TYRP2/DCT, cappuccino (CNO),
HPS4, G-protein coupled receptor 143 (GPR143), OCA2, SLC7A11 and mucolipin 3
(MCOLN3) are downregulated by IFN-y and downstream effectors of IFN-y such as
IFNGRI1, IFNGR2, STAT-1, JAK 1, JAK2, IRF-1, IRF-3, IRF-7, IRF-9, PSMB8§ and
PSMB9 are induced. Cell biological investigation suggested that hypopigmented cells have
fewer mature melanosomes. The analysis of the melanosomal proteins indicated a decrease
in TYR and DCT/TYRP2 levels. IFN-y also alters the transfer of mature melanosomes
from melanocytes to keratinocytes.  Therefore targeting IFN-y mediators either
pharmacologically using small molecule inhibitors or the cytokine itself would result in
controlled pigmentation response. The main advantage of this method would be the use of
existing biological pathway that mediates hypopigmentation without altering MITF levels.
IFN-y functions like a rheostat in calibrating skin pigmentation. Hence the system would
be adjusted to suit the change. We have demonstrated that this pathway, by stalling the
process of melanosome maturation affects all the -downstream functions, resulting in
hypopigmentation. Therefore targeting this pathway would result in concerted reduction in
melanosomes and be a more natural way of achieving hypopigmentation.

Of the other pathways known to cause hypopigmentation include the TGF-B
pathway (Martinez-Esparza et al., 2001). It was demonstrated that the cultured B16 cells
are effectively hypopigmented by using TGF-B. This was associated with a decrease in the
content of mature melanosomes in the cell. This study was followed up with mouse
experiments recently (Nishimura et al., 2010). However the studies confirmed that this
reduction was due to decrease in the levels of the key transcription factor MITF and results
in the maintenance of stem cells. A mechanism of site-specific hypopigmentaion is
observed in the palmoplantor skin, where dermis derived DKKI suppresses WNT
signalling, altering MITF levels and melanocyte growth (Yamaguehi et al.,, 2009). On the
other hand, our studies demonstrate that IFN-y alters pigmentation without altering MITF

levels, indicating that the mechanism by which IFN-y mediatcs hypopigmentation is
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distinct from TGF-B and DKKI1. Therefore use of interferon pathway would be a much
more predictable and efficient way to achieve altered pigmentation.

Earlier reports that support our claim include the generation of a mouse transgenic
line wherein the mice overexpress IFN-y in the epidermis. These mice apart from having
other discernible phenotype are conspicuously hypopigmented in the hair (Carroll et al.,
1997). The authors had not investigated the mechanism in this study and as mice do not
have epidermal pigmentation, the function of this pathway in skin epidermal melanocytes
was not known previously. Most of the earlier studies on the effect of [FN-y have been
performed on transformed melanoma cells which have been proven to have different
properties than normal human epidermal melanocytes (Nihal et al., 2005). The role of IFN-
v in altering melanoma-associated antigen presentation has been proposed to alter
inflammatory responses and hamper effective recognition of melanoma cells (Le Poole et
al., 2002). An earlier study on human malignant melanoma cells had indicated statistically
non-significant role of [FN-y in the melanin synthesis decrease in thesc transformed cells
(Garbe et al., 1990). While melanin synthesis is one of the processes involved in
pigmentation, visible skin color is a complex phenomenon involving cascade of distinct
biological events. Our studies show an important role of IFN-y in regulating pigmentation
by stalling the maturation of the key melanocyte organelle, melanosomes in cultured
human melanocytes. In an altogether different system, IFN-y is a potent inducer of
catagen-like changes in cultured human anagen hair follicles (Ito et al., 2005). Recently
using zebrafish as a model system toll like, receptor pathway was identified to result in
hypopigmentation of melanocytes (Jin and Kang, 2010). Though the observations are
limited it does highlight how signalling pathways regulates pigmentation. Interferons
themselves are known to exert their effect by the induction of a family of transcription
factors, Interferon Regulatory Factors (IRFs). In a recent study, IRF-4 was found to be
associated with pigmentation in the European population (Sturm, 2009). These
observations further strengthen our claim on the involvement of interferon pathway
members functioning to reduce skin pigmentation. Therefore we propose to patent the
process of achieving altered pigmentation of skin and derived melanocytes by targeting
members belonging to IFNG, IFNGRI, [FNGR2, STAT-I, JAK 1, JAX2, IRF-1, IRF-3,
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IRF-7, IRF-9, PSMBS§ and PSMB9. In the current invention, we have developed a process
to achieve controlled pigmentation through IFN-y peptide and its downstream proteins or

by using various agonist or antagonist of IFN-y pathway.
OBJECTS OF THE INVENTION

The main object of the invention is to develop a reversible method to modulate visible

pigmentation of skin.

Another object of the invention is to develop a reversible method to modulate melanosome

maturation in melanocytes.

Another object of the invention to develop a method to modulate melanosome transfer to

keratinocytes.

Another object of the invention to develop a method to modulate melanosome maturation
in the epidermal skin melanocytes by identifying downstream targets of the agent that

affects melanosome maturation.

SUMMARY OF THE INVENTION

Accordingly, the present invention relates to a reversible method to modulate visible
pigmentation of skin. The present invention results from studies demonstrating that the
peptide IFN-y can inhibit melanosome maturation and transfer from melanocytes and thus
reduces the level of pigmentation. Increased levels of IFN-y supplied as recombinant
peptide decreases the levels of TYR, TYRPI and TYRP2/DCT along with several other
melanosomal proteins, CNO, HPS4, GPR143, OCA2, SLC7A11 and MCOLNS3, thereby
altering the process of melanosome maturation. Application of IFN-y to normal
melanocytes in vitro results in marked decrease in the maturation of melanosomes and
resultant hypopigmentation in these cells. The present invention thus relates to a method of

altering the process of melanosome maturation leading to alteration in pigmentation. The
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present method is useful in clinical situations of hyperpigmentation due, for example, to
sun-exposure, inflammation, or scarring or due to disorders with congenital or acquired
proliferations of melanocytes. IFN-y is produced in the epidermis under certain conditions,
thus it can be applied locally to the epidermis as well as systemically administered.
Problems with increased or aberrant skin pigmentation are common and widespread. Such
changes may still cause significant distress even when localized to small area of the skin,
especially when aberrant pigmentation involves the face and/or hands. Here we reveal a
process of hypopigmentation brought about by the use of a peptide IFN-y and its
downstream target proteins such as IFNGRI1, IFNGR2, STAT-1, JAK 1, JAK2, IRF-1,
IRF-3, IRF-7, IRF-9, PSMB8 and PSMB9 etc. Further we disclose that this factor is
sufficient to replicate the suppression of pigmentation response in these cells. Microscopic
evaluation suggests the presence of immature melanosomes when cells are treated with
IFN-y. Therefore IFN-y induces a hypopigmented state by actively suppressing
melanosome maturation through a concerted effect on key targets involved in

pigmentation,

BRIEF DESCRIPTION OF THE DRAWINGS AND TABLES:

Figure fegend 1

Electron micrographs of primary normal human melanocytes were treated with 100U/mt IFN-y
using transmission electron microscope. {a) Control (untreated) melanocyte (b) treated with
100U/ml IFN-y. Melanocytes were fixed, permeabilized and the melanosomes probed using
HMB45 antibody for melanosomal matrix (green) and melanin (red) (¢} control (d) 100 U/ml IFN-
vy treated melanocytes. Quantified image normalized fluorescence intensity of (¢) HMB45 and (f)

melanin staining of melanocytes.

Figure legend 2

(a) Primary human melanocytes treated with 100 U/ml IFN-y followed by microarray analysis of
regulated genes represented as heat-map. Some of the conspicuously downregulated genes include
DCT, Mlan A and Trpl. Notably many genes involved in immune functions were upregulated by

the teeatment, (b) Real time PCR analysis of regulated genes under two different concentrations of
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IFN-y (100 U/mi and 200 U/ml). (c) Western blot analysis of DCT, phosphorylated STAT-1,
phosphorylated GSK-38 from control, MSH (6nM) or IFN-y (100 U/ml} treated melanocytes.

DETAILED DESCRIPTION OF THE INVENTION

IFN-y stalls the maturation of melanosomes by altering the levels of key proteins involved in
melanosome formation and maturation, like TYR, TYRPI, and DCT/TYRP2, CNQ, HPS4,
GPR143, OCA2, SLC7AIl and MCOLN3, thus decreasing pigmentation in normal human
melanocytes. Modulation of pigmentation protein levels by IFN-y can be useful in attaining

hypopigmented states.

Another determinant of skin pigmentation is the transfer of mature (Stage 111 and V) melanosornes
from melanocytes to keratinocytes. Our in-vitro studies using melanocyte-keratinocyte co-culture
models, demonstrates that that [FN-y decreases this transfer process, altering the number of

melanosomes in keratinocytes, leading to decreased apparent pigmentation.

As detailed in Example 5 later, this mechanism of [FN-y mediated hypopigmentation may be
apparent in several hypopigmentary conditions of skin, like tuberculoid leprosy, where localised
concentrations of IFN-y can inhibit melanosomes maturation and transfer in the melanocytes of the
lesional skin. Targeting this pathway would thus be of therapeutic importance for the treatment of
hypopigmentary conditions. Alternately, mimicking this pathway would promote controlled
pigmentation of skin by targeting melanosome maturation in melanocytes and the transfer of

melanosomes to keratinocytes.

[FN-y can be formulated as a composition using a variety of physiologically acceptable carriers,
excipients or diluents. The composition can be, for example, in a cream, gel or lotion for topical
use or can be present as a liquid. The composition can also be present in dosage unit form that

could be administered through sub-cutaneous infusion if necessary.
Since TGF-p has previously been shown to inhibit melanin synthesis in B16 melanoma cells as

well as hurnan primary melanocytes (Martinez-Esparza et al., 2001; Nishimura et al., ; Nishimura

et al., 2010) Therefore it was important to determine whether IFN-y acted via a mechanism

AMENDED SHEET



10

15

20

25

30

PCT/IB 2012/052 456 - 17-12-201

PCTI1215 9

involving TGF-B. It was reported that TGF-§ causes reduction in pigmentation by reducing the
level of MITF transcription factor. However [FN-y and its downstream effecter proteins achieve
hypopigmentation despite having unaltered levels of MITF. These findings indicate that IFN-y
mediated hypopigmention process is different from that brought about by TGF-f.

The generalizability of the hypopigmenting functions of IFN-y is demonstrated by its inhibitory
effect on a overall pigmentation process involved in normal human melanocytes. IFN-y is locally
produced in the epidermis in several conditions (Sarra et al., 2011). Others have previously
demonstrated that keratinocyte-derived factors, which are also locally produced, influence
melanocyte behaviour, like melanocyte proliferation, dendricity, and the amount of melanin
produced {Gordon et al., 1989). Thus taken together, the data provided herein indicate that local

administration of [FN-y could be used for predictably alter pigmentation in human epidermal cells.

The present disclosure provides details of how IFN- y can be used to reversibly modulate
melanosome maturation occurring in stage | and Il in epidermal melanocytes. This disclosure
makes it obvious that derivatives, mimics or antagonists of IFN- y can aiso be used to reversibly
modulate melanosome maturation occurring in stage | and Il in epidermal melanocytes. The
present specifications therefore do not limit the scope of the invention to IFN- vy, and instead

extends the scope to derivatives, mimics and antagonists of IFN- y.

Accordingly, the present invention is directed towards a method to reversibly alter melanosome
maturation occurring in stage [ and Il in an epidermal melanocytes in a subject by contacting or
withdrawing IFN- vy and its derivative, mimic, antagonist thereof with said melanocytes in a
controlled manner,

and wherein the IFN- y and derivative, mimic, antagonist thereof modulate the expression of IFN-y

pathway components selected from a group comprising IFNGR1, JAKI and STATI.

In yet another aspect of the invention IFN- vy, or its derivative, or its mimic, or an antagonist, or
components of [FN-y pathway are contacted with melanocytes in the range of 100 — 500 U/ml for a

period in the range of | to 10 days.
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In yet another aspect of the invention IFN-y or its derivative, or a mimic or an antagonist of [FN-y
reversibly alters the levels of TYR, and TYRP2/DCT, CNO, HPS4, GPR143, OCA2, SLC7A1l
and MCOLN3.

In further aspect of the invention the transfer of melanosome to keratinocytes is altered by targeting
components of IFN-y pathway selected from the group comprising of IFNG, IFNGR1, JAKI and
STATI.

In an additional aspect of the invention the use of IFN-y and its components and its agonists and

antagonists in modulating pigmentation in humans for clinical or cosmaceutical purposes.

In yet another aspect of the invention a method of treating skin pigmentation by administering to a

subject IFN-y or its derivative, or a mimic or antagonist of [FN-y.

In further aspect of the invention IFN-y or its derivative, or a mimic or an antagonist of IFN-y is

administered to the subject by topical delivery or by sub-cutaneous delivery.

In yet another aspect of the invention the topical delivery or sub-cutaneous delivery is in a dosage
form selected from the group comprising, a powder, a solution, an emulsion, a fluid emulsion, a
suspension, a fluid suspension, a semi-solid, an cintment, a paste, a cream, a gel, a jelly, a foam, an

implant, an injection, a patch and a spray.

In an additional aspect the invention is useful for treating skin disorders selected from the group
comprising of hyperpigmentation, hypopigmentation, uneven pigmentation, post inflammatory
pigmentation, sun-damaged skin, pigmented birthmark, acanthosis nigricans and solar lentiges,
age-related pigmentation changes, indeterminate leprosy, tuberculoid leprosy, borderline leprosy,

leprematous leprosy.

Yet another aspect of the invention provides IFN- vy and its derivative, mimic, antagonist thereof for
use in reversibly altering melanosome maturation occurring in stage I and II in an epidermal
melanocytes in a subject

wherein the IFN- v and derivative, mimic, antagonist thereof modulate the expression of [FN-y

pathway components selected from a group comprising IFNGR1, JAK1 and STATI.

Yet another aspect of the invention provides IFN- y and its derivative, mimic, antagonist thereof for

use in reversibly altering melancsome maturation occurring in stage [ and II in an epidermal
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melanocytes in a subject wherein IFN- vy, or its derivative, or its mimic, or an antagonist, or
components of [FN-y pathway are contacted with melanocytes in the range of 100 — 500 U/ml fora

period in the range of I to 10 days.

Yet another aspect of the invention provides IFN- v and its derivative, mimic, antagonist thereof for
use in reversibly altering melanosome maturation occurring in stage I and I in an epidermal
melanocytes in a subject wherein IFN-y or its derivative, or a mimic or an antagonist of IFN-y
reversibly alters the levels of TYR, and TYRP2/DCT, CNO, HPS4, GPR143, OCA2, SLC7A11
and MCOLN3.

Yet another aspect of the invention provides IFN- y and its derivative, mimic, antagonist thereof for
use in reversibly altering melanosome matﬁration occurring in stage 1 and I in an epidermal
melanocytes in a subject wherein the transfer of melanosome to keratinocytes is altered by
targeting components of [FN-y pathway selected from the group comprising of IFNG, I[FNGRI,
JAK1 and STAT]I.

Yet another aspect of the invention provides IFN- y and its derivative, mimic, antagonist thereof for
use in treating skin pigmentation by administering to a subject [FN-y or its derivative, or a mimic

or antagonist of [FN-y.

Yet another aspect of the invention provides IFN- y and its derivative, mimic, antagonist thereof for
use as claimed in claim 14 wherein [FN-y or its derivative, or a mimic or an antagonist of IFN-y is

administered to the subject by topical delivery or by sub-cutaneous delivery.

Yet another aspect of the invention provides IFN- y and its derivative, mimic, antagonist thereof for
use as claimed in claim 15 wherein the topical delivery or sub-cutaneous delivery is in a dosage
form selected from the group comprising, a powder, a solution, an emulsion, a fluid emulsion, a
suspension, a fluid suspension, a semi-solid, an ointment, a paste, a cream, a gel, a jelly, a foam, an

implant, an injection, a patch and a spray.

Yet another aspect of the invention provides IFN- y and its derivative, mimic, antagonist thereof for
use as claimed in claim 14 for treating skin disorders selected from the group comprising of
hyperpigmentation, hypopigmentation, uneven pigmentation, post inflammatory pigmentation, sun-

damaged skin, pigmented birthmark, acanthosis nigricans and solar lentiges, age-related
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pigmentation changes, indeterminate leprosy, tuberculoid leprosy, borderline leprosy, leprematous

leprosy.

EXAMPLE 1

Cultures of normal human epidermal melanocytes (NHEM) (procured from Lonza, or
established from epidermis) were maintained in M254 medium containing PMA-free supplements
(Invitrogen), at 37°C, in 5% CO,. To study the effect of IFN-y on melanocytes, early passage
cultures of melanocytes were grown in the presence or absence of recombinant human IFN-y
(Peprotech) at a dose of 100 U/ml and the cells were observed after 8 days of treatment. Decreased
pigmentation could be observed in the cell pellets treated with IFN-y, confirming the presence of a
mechanism for the induction of hypopigmentation (Fig 1). To understand the molecular targets of
human IFN-y (henceforth referred to simply as [FN-v) in melanocytes and the mechanism by which
the cells are hypopigmented further studies were carried out.

Melanosome maturation status in the cells and visible pigmentation are tightly linked
together. The process of melanin synthesis is sequestered in the late stages of melanosome
maturation and requires a proper targeting of multiple proteins to early stages of melanosomes for
initiation. The status of melanosomal receptivity for the synthesis of melanin and the content of
melanin within each melanosome could therefore be considered as cellular endpoint of
pigmentation program. Since melanin is an electron dense substance, visualization of melanosomes
is classically carried out using electron microscopy. The technique allows identification of distinct
stages of melanosomes I to IV based on the organelle architecture and melanin content. IFN-y
treated cells (as mentioned above) were subjected to electron microscopy and confocal imaging
using HIMB45 and melanin antibody. Electron microscopic evaluation was carried out on conirol
and IFN-y treated cells. Analysis of the micrographs suggested that fewer stage III and IV
melanosomes were detected in IFN-y treated cells, whereas several could be distinctly identified in
control cells. For finer and quantitative analysis of the status of melanosomes immuno-
cytochemical approach was adopted. Control and IFN-y treated primary melanocytes were stained
with Human melanoma Black 45 (HMB45) from (Dako Cytomation) and anti-melanin antibody
(rabbit polyclonal raised against synthetic melanin, raised in the laboratory). Nuclei were

counterstained with DAPI (4',6-diamidino-2-phenylindole) (Invitrogen) and the cells observed
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under confocal microscope. Recurrent observations indicated that lesser fluorescence signals were
obtained from [FN-y treated cells. For comparative quantitation, processing and imaging of control
and IFN-v treated cells was carried out under identical conditions. The settings used for ifnaging
like background correction, signal to noise ratio etc are arbitrary and were kept constant. Mean
fluorescence intensity of DAPI was subtracted from HMB45 or melanin signals from each ceil for
normalization. Comparison of the normalized intensities indicated that IFN-y treated cells had

significantly less melanin content as well as melanosome matrix as detected by HMB45 antibody.

EXAMPLE 2

In order to understand the molecular changes induced by IFN-y on melanocytes a microarray based
study was carried out on two independent primary melanocyte cultures. Cells were treated with 100
U/m| of IFN-y for 8 days (as mentioned in example 1) and total RNA was isolated and subjected to
microarray. Microarray was performed using Illumina whole genome chip Human WG-6. RNA
labelling was performed using illumina total prep RNA labelling kit (Ambion). Subsequent
hybridization and washing steps were carried out as per manufacturer’s instructions. The data was
average normalized; background subtracted and analyzed using Bead-studio software (Illumina).
Typical of an immune cytokine IFN-y elicited a gene expression profile suggestive of an immune
response in melanocytes. However the pattern of gene expression also included suppression of
certain pigmentation genes (Fig 2). This confirmed that the hypopigmentory role of I[FN-y is due to
the suppression of pigmentation genes by affecting the maturation of melanosomes. Regulation of
chosen genes was confirmed by real-time PCR. In primary human melanocytes the regulation of

multiple [FN-y downstream genes were observed and is tabulated in table 1.

Table 1 List of genes regulated by IFN-v in primary human melanocytes significantly regulated in
primary melanocytes based on microarray

DCT, TSPANI0, TSPAN9, SERPINFI1, KIF18, SOX10, MYO18A, MLANA, CREB1, MCIR,
DCTNI, CNO, TYRPI, HPS4, GPR143, ID2, JARID2, OCA2 CHMP2A, JARIDIB, SLC7AlI,
MCOLN3, IFT2, IFTMI, IRF1, IRF3, IRF4, IRF7, IRF9, OASI, PSMBS8, PSMB9, STATI,
STATS6, TNFRSF19, TNFSF12, IFNGR1, IFNGR2, MAPKAPI1, 1.OC402221, PDK4, CI90ORF28,
FARSA, TSPAN4, TYSNDI, DEAFI1, PKN1, WHSCIL1, ACP1, RASSFI, FAM76B, XL,
PGAM4, WDR26, PIK3CD, FENI1, HS.31532, NR1H2, DNAJB12, FEZ], PWWP2B, TNFAIPI,
SH3BGRL3, TCIRGI, PCMTD2, LOCe643357, MYOIB, HS.374257, LOC648249, BINI,
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HS.12876, PRMT1,JAK 1, JAK 2, HS.231861, BRDS, LOC347544, BANF1, GYPC, AGXT2L.2,
MORF4LI, MRRF, ACTB, OAS3, HIFX, UBE2G1, FAM10A4, C220RF29, HLA, DRB4,
TMEM69, C8ORE33, RCE1, HLAH, ARL6IPS, LOC402251, CYBA, HLAB, AHSA!L, ERP29,
ADATS3, PPT2, SCANDI, TNC, RPL32, IFIT3, GRN, CTTN, LOC648210, ARPC4, TBCC, CTH,
HLAF, RIPKS, TAP2, GMPR, APRT, ACLY, TMEDIO0, TUBAIA, AGPATI], LOC407835,
KIAAQ460, PDIA6, PHF20LI, MRPLI2, VAMPS, UBB, ARMCXI, BEX4, LOC441775,
FAMI52B, NATS, OBFC2B, RAB4A, LOC440589, PHFSA, LRP11, TNPOI, STEAPI,
LOC649150, CXORF40B, PTTGIIP, LOC284821, HPIBP3, CAPNSI, RNHI, HCG4,
HS.406790, EEF1Al, HLA.DPA1, POLRMT, LOC388654, CPEB2, IF127, GAA, ARFGEFI,
RAB7LI

EXAMPLE 3

To verify the pathway and eclucidate the components of the pathway that mediate the
hypopigmenting effect of IFN-y we resorted to a siRNA based testing of protein functions. Primary
human melanocytes were cuitured in serum free media as described above (in example 1) and were
transfected with 100 nM of siRNA (a mixture of 4 targeting siRNA from Dharmacon) that would
target the component mRNA of interest using lipid based transfection reagent (Cellfectin II from
Invitrogen). After the transfection the cells were trypsinized and plated in wells and were either
treated with [FN-y or left untreated as control. After 48h of treatment, cells were lysed and total
RNA was prepared from the cells and levels of the targeting gene transcript as well as that of DCT
was measured by real-time PCR. Targeting siRNA to JAK-1, STAT-1 and IFNGR-1 substantially
decreased the mRINA level of the cognate genes and concomitantly abrogated the IFN-y mediated
suppression of DCT transcript. This series of experiment further validated that the components of

the pathway are potentially excellent targets for achieving altered pigmentation.

EXAMPLE 4

IFN-y is known to function in a species-specific manner. To verify whether the hypopigmentation
observed in melanocytes is specifically brought about by IFN-y; melanocytes were treated with
mouse IFN-y (100U/ml) and human [FN-y (100U/ml) for 8 days. Mouse [FN-y did not
hypopigment human melanocytes confirming that the effect was specific and not a generic effect of
peptide addition. When the human IFN-y treated hypopigmented rielanocytes were grown in the

absence of the IFN-y in M254 only, the cells were found to regain their pigmentation levels after 5
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1
days, indicating reversibility of IFN-y mediated hypopigmentaion in melanocytes. This supports

IFN-y to be an important component in mediating physiological reversible pigmentation changes.

EXAMPLE 5

To probe for the causative role of IFN-y in skin hypopigmenting conditions, RNA was isolated
from the lesional hypopigmented and non-lesional epidermis of subjects with lepramatous leprosy.
¢cDNA was synthesised and real-time PCR analysis performed for comparing gene expression
changes between in pigmentation (TYR,TYRPI,TYRP2,MITF) genes and genes known to be
upregulated by IFN-y (PSMBS8, PSMB9, HLA-DRBI1, HLA-A, HLA-B, HLA-C, IFNGRI, IRF1).
The expression levels of pigmentation genes including DCT (except MITF) was found to be less in
the lesional skin of leprosy subjects, consistent with the visible hypopigmentaion. Concordant
increase in IFN-y gene signatures was also observed. Electron microscopic analysis of the non-
lesional versus lesional skin also indicated the decrease in the number of mature (Stage 111 and V)
melanosomes in the lesional skin as compared to non-lesional skin. These results are concordant
with our in vitro observations that IFN-y stalls melanosomes in early stage of maturation, thereby
leading to visible hypopigmentation. This study demonstrates that in diseased states this pathway

could be operative to cause visible changes in human skin pigmentation.

EXAMPLE 6

To understand the effect of IFN-y on transfer of melanosomes from melanocytes to keratinocytes,
cocultures of melanocytes and normal human epidermal keratinoeytes (from Lonza or established
from foreskin derived epidermis) were established in a ratio of 1:2. The cultures were maintained
in 1:2 M254 and KSFM (Invitrogen) respectively in the presence or absence of IFN-y (100U/ml)
for 8 days. At the end of 8 days, keratinocytes were separated from melanocytes by differential
trypsinization method and processed for electron microscopic analysis. Multiple micrographs of
keratinocyles with melanosomes were obtained and analyzed for the number of melanosomes per
micrograph. The cytoplasmic area of keratinocytes was calculated with image analysis software.
Number of melanosomes/area of keratinocytes was observed to be decreased in keratinocytes
which were grown in the presence of IFN-y, indicating that IFN-y inhibits the process of

melanosome transfer to keratinocytes in addition to its effect on melanosome maturation.
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and pigmentation is a
consequence. no evidence for
melanosome maturation

alterations are observed.

Antitumor activities
of interferon alpha,
beta, and gamma
and their
combinations on
human melanoma
cells in vitro:
changes of
proliferation,
melanin synthesis,
and

immunophenotype.

T Invest
Dermatol,
1990
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Interferon beta
causes potent anti-
proliferative effect
on human
melanoma cells.
Cell surface
antigens (HLA-DR
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upen interferon

gamma treatment

Interferon alpha
increases melanin
synthesis and
Interferon beta
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synthesis
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Melanin synthesis
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with Interferon
gamma but the data
was not statistically

significant
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the melanosome maturation
and the process of
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concerted effect of several
distinct pathways. Our study
demounstrates the effect of
interferon gamma on many of
these independent biochemical

pathways.
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ADVANTAGES OF THE INVENTION

1) Application potential of this invention is immense in its ability to accomplish
controlled hypopigmentation of the skin as it targets the entire process of melanosome

maturation.

2) Small molecules inhibitors or antibody based neutralization of this pathway would be
useful in treating pigmentation disorders like melasma, post-inflammatory
hyperpigmentation, sun burn, UV induced hyperpigmentation, nevus, acanthosis

nigricans etc.

3) Non-clinical, cosmetic application of the pathway could also be of use in modulating

the skin tone in individuals.

4) As interferon functions without affecting the levels of MITF pigmentation this strategy

would be useful in conditions that increase pigmentation through MITF

5) IFN-y or its derivative thereof can be formulated as a composition, for example, in a
cream, gel or lotion for topical use or can be present as a liquid. The composition can
also be present in dosage unit form that could be administered through sub-cutaneous

infusion if necessary.
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We claim:

L.

A method to reversibly alter melanosome maturation occurring in stage I and Il in
an epidermal melanocytes in a subject by contacting IFN- y and its derivative,

mimic, antagonist thereof with said melanocytes in a controlled manner,

wherein the IFN- vy and derivative, mimic, antagonist thereof modulate the

expression of [FN-y pathway components selected from a group comprising
IFNGRI1, JAK]1 and STATI.

The method as claimed in claim 1 wherein IFN- v, or its derivative, or its mimic, or
an antagonist, or components of IFN-y pathway are contacted with melanocytes in

the range of 100 — 500 U/ml for a period in the range of 1 to 10 days.

The method as claimed in claim 1 wherein IFN-v or its derivative, or a mimic or an
antagonist of IFN-y reversibly alters the levels of TYR, and TYRP2/DCT. CNO,
HPS4, GPR143, OCA2, SLC7A11 and MCOLNS3.

The method as claimed in claim | wherein the transfer of melancsome to
keratinocytes is altered by targeting components of IFN-y pathway selected from

the group comprising of [FNG, IFNGR1, JAK1 and STATI.

Use of IFN-y and its components and its agonists and antagonists in modulating

pigmentation in humans for clinical or cosmaceutical purposes.
A method of treating skin pigmentation by administering to a subject IFN-y.

The method as claimed in claim 6 wherein IFN-y is administered to the subject by

topical delivery or by sub-cutancous delivery.

The method as claimed in claim 7 wherein the topical delivery or sub-cutaneous
delivery is in a dosage form selected from the group comprising, a powder, a
solution, an emulsion, a fluid emulsion, a suspension, a fluid suspension, a semi-
solid, an ointment, a paste, a cream, a gel. a jelly, a foam, an implant, an injection, a

patch and a spray.
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9. The method as claimed in claim 6 useful for treating skin disorders selected from
the group comprising of hyperpigmentation, hypopigmentation, uneven
pigmentation, post inflammatory pigmentation, sun-damaged skin, pigmented
birthmark, acanthosis nigricans and solar lentiges, age-related pigmentation
changes, indeterminate leprosy, tuberculoid leprosy, borderline leprosy,

leprematous leprosy.



