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TECHNI CAL FIEC%bBHu@ME This invention is in the field of

hot opr ot ect i on. More particularly it relates to a nmethod for

I nhi biting phot oagi ng of undamaged skin using inhibitors of matrix
net al | oprotei nase (M) pEPRESt bPNIRAYELTIRG! PHOTBAGINGSOF SKIN
BACKGROUND Photoaging is a termused to descri be the changes in
appearance and function of skin as a result of repeated exposure to

sunlight. The ultraviolet (UY) conpoDEQHENDCAL FIELBunlight, particularly-
mddle W (called QMﬁiszggﬁéggggh is in the field of photoprotection.
| More particularly it relates to a method for inhibiting
photoaging of undamaged skin using. inhibitors of matrix
metallcproteinase (MMP) production and/or activity.
5 . BACKGROUND -

Photoaging is a term used to describe the changes in
appearance and function of skin as a result of repeated
exposure to_sunlight. The ultraviolet (UV) component of
sunlight, particularly middle UV (called UVB, 290-320nm

10 'wavelength) is the principal causative agent of |
photoaging. The extent of UVB exposure required to cause
photoaging is not currently known. Repeated exposure to
‘UVB at levels that cause erythema and tanning are,
however, commonly associated with photoaging. Clinically,

15 photoaging is characterized by coarseness, wrinkling,
mottled pigmentation, sallowness, laxity, telangiectasia,
Zlentigines, purpura and easy bruising, atrophy, fibrotic
depigmented areas, and ultimately premalignant and
malignant neoplasms. Photoaging commonly occurs in skin

20 that is habitually exposed to sunlight such as the face,
ears, bald areas of the scalp, neck, and hands. '

_ Procedures for preventing photbaging of unaged skin
and treating already photoaged skin are available.
. Sunscreens are commonly used to prevent photoaging of skin

25 areas that are habitually exposed to sunlight. sunscreens
are topical preparations that absorb, reflect, or scatter
UV. Some are based on opaque particulate materials such
as zinc oxide, titanium oxide, clays, and ferric chloride.

_ ~Because such preparations are ‘visible and occlusive, many
30 people consider these opaque formulations cosmetically
- unacceptable. Other sunscreens contain chemicals such a
~ p-aminobenzoic acid (PABA), oxyhenzone, dioxybenzone,
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10 - 56 reviews the role of reactive oxygen species (ROS) in

uv-induced aging of skin. This article reports that
topical application of known antioxidants to the skin can
reduce the presence of ROS in the skin and thus reduce
photodamage.

15 Retinoids have been used to retard the effects of
photoaging in sun-damaged skin. U.s. pPat. No. 4,877,805
describes the treatment of photoaged skin as intervention
therapy to decelerate the photoaging process. The patent
indicates that there is little point in beginning such

20 treatment until the effects of aging begin to appear. 1In

' this régard the present applicants know of no art that
suggests the use of retinoids to prevent photoaging of
undamaged skin.

MMPs are a family of enzymes that play a major role

25 in physiological and patholoqical destruction of-
connective tissue. Over 10 members of the family have
been identified. They are referred to numerically (MMP-
1, MMP-2, etc.) as well as by common name. They appea: to «
share several structur#l and functional properties but '

30 differ in their tissue substrate specificities. They
include interstitial collagenase (MMP-1) and PMN-
collagenase (MMP-8) that degrade collagen types I, II,
III, VII, VIII, IX, and gelatin; the 72kDa (MMP-2) and

. 92kDa (MMP-9) type IV collagenases/gelatinases that

35 -degrade collagen types IV, V, VII, X, XI, gelatin,
elastin, and fibronectin; stromelysin-l (ung-aj,
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S  and PG core protein; and metalloelastasé (MMP-12) that
degrades elastin and fibronectin. '
The expression of MMP genes is induced by the
transcription factors AP~1 and NF- B. Angel, P. et al.,
Cell (1987) 49:729-739 and Sato, H. and Seiki, M., .
10  Oncogene (1993) 8:395-405. AP-1 and NF- B activities are
' mediated by cytokines (e.d., interlukins IL-1, IL-6, and
TNFa) , growth factors (TGFa, bFGF), and environmental
stress such as oxidants, heat, and ultraviolet '
irradiation. AP-1 induction and production of jun
15 proteins (C-jun, jun~B, and jun-D) and fos proteihs
(C~fos, fos-B, fra~l, and fra-2) that make up APbl'are
mediated by a host of molecules (e.g. RAC, CDC42, MEKK,
JNKK, JNK, RAS, RAF, MEK, and ERK). It is known that AP-I
and NF- B are activated in mammalian cells exposed to UV
20  light. Dpevary, Y., et at. Science (1993) 261:1442-1445.
Wlaschek, M. et al., Photochemistry and Photobiology
(1994)_59(5):550-556, also report that UVA irradiation of
fibroblasts resulted in an IL-1 and IL-6-mediated
‘induction of MMP-1 and that such induction might
- 25 contribute to the loss of collagen in photoaging.
Inhibitors of MMPs or the transcription factors that
affect their expression are also known. Hill, P.A. et
al., Biochem J (1995) 308: 167-175 describes two MMP
inhibitors, CT1166 and RO31-7467. Gowravaram, M.R. et
30 al., J Med Chem (1995) 38:2570-2581 describes the
development of a series of hydroxamates that inhibit MMPs
and mentions thiols, phosphonates, phosphinates,
phosphoramidates and N-carboxy alkyls as knqwn MMP
inhibitors. This paper indicates that MMP inhibitors
35 include a moiety that chelates zinc and a peptidic
fragment that binds a subset of the specificity pockets of
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The_present invention is based on applicants

discovery that UVB exposure rapidly upgrades AP-1 and NF-

B in the exposed skin and leads to MMP induction.

" elevated levels of MMPs that result from UVB exposure act
15 to degrade connective tissue proteins in skin.

The

Such

damage, if imperfectly repaired, results in solar scars
which accumulate through repeated UVB exposure and also

cause photoaging.

Accordingly, applicants prevent photoaginq of

20 undamaged human skin due to exposure of the skin to UVB by
administering an inhibitor of a UVB-inducible MMP to the

human prior to said exposure in an amount sufficient to

inhibit induction and/or activities of UVB-inducible MMPs.

Surprisingly, this occurs at UVB doses below those that

25 cause erythema as well as at those which cause erythema.

Another aspect of this invention is the use of an
inhibitor of UVB-inducible MMP induction or activity in

the manufacture of a medicament for preventing photoaging_

of undamaged skin due to repeated UVB exposure.

«

30 - W

In the drawings:

Fig. 1 is a flow chart showing the pathways hy which

UVB induces MMP production.
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The present invention is used to inhibit (i.e.'redﬁce
5 or prevent) photoaging of undamaged human skin, that is,

skin that does not show the effects of photoaging.
Treatment according to this invention should thus be
" practiced on skin such as that of the head, neck, hands,
and arms that in typical, everyday living are habitually
10 exposed to sunlight before such skin exhibits the telltale
signs of photoaging.' Because repeated exﬁosure to doses
of UVB below that which causes erythema can lead to
photoaging, the invention should be practiced on skin
'subject to such low dose exposura. In this regard UVB
15 doses in the range of 30-50 mJ/cm? skin cause erythema in
most fair-skinned people. Accordingly the invention will
prevent photoaging of skin'subjected'to doses below this
range (typically above about 5 mJ/cm? which is equivalent
to a few minutes of sunlight exposure).
20 Photoaging is prevented or inhibited according to the
invention by inhibiting UVB-induced degradation of the
" dermal extracellular matrix by MMPs. This is accomplished
by administering a MMP inhibitor to the skin that is to be
exposed to sunlight. In this regard the term "MMP
25 inhibitor" intends those agents that directly or
indirectly inhibit (i.e., reduce significantly or
eliminate) the expression of UVB~inducible MMPs in such .
skin or inhibit the enzymatic activity of such MMPS.
"Indirect inhibition® is intended to mean interaction with
30 eithér'og*both of the transcription factors AP-1 and NF- B
and/or one or more of the molecules involved in the three
kinase cascades that result in jun and fos pfotain
induction in the skin in a manner that reduces or
eliminates the expression of UVB-inducible MMPs.
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factors that proteinsf Activate thexhhres kimase adamcademvihdt ldareP. A et
al ., Biochenadgph®lal £88priQhction S YH S and Fos proteins which
" 10 make-up AP-1. AP-1l induces expression of certain MHPS.
The agents that prevent photoaging can act on the MMPS,
the transcription factors AP-1 and NF- B, and/or one or
more of the molecules involved in the three kinase
.cascades shown in Fig. 1. Aspirin and E5510 (described by

15  Fujimori, T., et at., Jpn J Pharmacol (1991) S5(1):81-91)
inhibit NF- B activation. Farnesyl transferase inhibitors
such as B-581 (described by Garcia A.M., et al., J Biol
Chem (1993) 268(25):18415-18), BZA-5B (described by Dalton
M.B. et al., Cancer Res (1995) 55(15):3295-3304), farnesyl

20 acetate, and (a-hydrpxyfirnesyl) phosphoric acid act on
RAS and inhibit activation of the ERK cascade; whereas .
geranyl geranyltransferase inhibitors and lisofylline
inhibit activation of the JNK cascade. Compounds such as
SB202190 (described by lee, J.C., et al., Nature (1994)

25 372:739-746) and PD98059 (described by Dudley, D.T., et
al., PNAS (USA) (1995) 92:7686~7689) inhibit_specitic'
kinases in the cascades. Retinoids such as those

' disclosed in U.S. Pat. No. 4,877,808 and the dissociating -
retinoids that are specific for AP-1 antagbnism such as

30 those described by Fahjul,,et al. (ﬁature (1994) 372:104~
110), glucocorticoids, and Vitamin D3 target AP-1. Other
retinoids, besides retinol, include natural and synthetic
analogs of vitamin A (retinol), vitamin A aldehyde
(retinal), vitamin A acid (retinoic acid, including

35 all-trang and 13-cis retinoic acid), and other as
‘described in EP 379367 A2. Finally, MMPs may be inhibited
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i'nhibitors, CT1166 and RO31-7467. Gowavaram MR et 30 al.7 J Med Chem
(1995) 38: 2570 §a§éﬁﬁescribes t he devel opnent of a seri epcrts97/00791
hydroxanates‘yﬂ i bit MWPs - and nentions thiols, phosphonates,
phosphlnates phosphor am dat es and N-carboxy al kyl s as known MWP.
Inhibitors. This paper indicates that MW7inhibitors 35 include a

noi ety that chelates zinc and a peptidic fragnment that binds a subset
of the specifbygi BB2p8dkédescribed by Gearing, A.J.H. et al., Nature 4

(1994) 370:555-557), GI129471 (described by McGeehan G.M.,
et al., Nature (1994) 370:558~- 561), TIMPS, Galardin,
Batimastat, and Marimastat, and hydroxamates, and other

5 known inhibitors. '

One or more of these MMP inhibitors are preferably
administered topically to the skin that is to be exposed
to sunlight. For such administration they will normally

: be formulated as creams, gels, ointments, sprays or

10 lotions. cOnventional pharmacologxcally and cosmet;cally
acceptable vehicles may be used to formulate the
inhibitor(s). Examples of such vehicles are described in
U.S. Pat. No. 4,877,805 and EPA Pub. No. 0586106 Al. As
indicated, one or more inhibitdrs may be present in a

15 given formulation. For instance, a combination of
inhibitors that act on two or more different molecules
involved'in effecting MMP degradation of the skin may be
‘used. The formulations may also contain additives such
as, emollients, skin permeation enhancers, pigments, and

20 perfumes. In addition, the formulation may contain
ingredients such as absorbent particles (e.g. polymer
beads) that provide sustained release of the inhibitors to
the skin. The weight concentration of inhibitor(s) in the

. formulation will usually be 0.01% to 10%, more usually

25 0.1% to 1%. Nornally about 50 mg of formulation will be
applied per cm?® of skin.

The inhibitors are preferably applied to the
undamaged skin prior to exposure to sunlight. The .
application regimen (i.e. daily, weekly, etc.) will

30 primarily depend upon the longevity (e.qg., metabolism,
halt-life in the skin) of the inhibitor(s) and the
molecular targets of their action. It may also he
effected by bathing, perspiration, and the extent of
sunlight exposure. Usually they will be applied daily.
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The tlme course of changes in MMP-l, MMP-3, MMP-9,
and MMP-2 mRNA, protein, and enzymatic activity levels
following UVB exposure were determined as follows.

10 'I Subjects were adult Caucasians (approximately equal
numbers of males and females) with iight to mild
pigmentation. The UVB dose required to cause barely
_perceptible skin reddening (minimal erythema dose, or
"MED") for each subject was determined 24 hours post

15 irradiation. One (1) MED for all subjects ranged from

' 30-50 mJ/cm’. The subjects’ buttocks were irradiated with
2 MED UVB with an Ultralite Panelite lamp containing four
F36T12 ERE-VHO UVB tubes. Irradiation intensity was
monitored with an IL443 Phototherapy Radiometer and a

20 SED240/UVB/W photodetector. UVB output, measured 48 cm
from the source, was 0.5 mW/cnz For each subject skin was
removed by keratome from four sites (one non-irradiated,
three irradiated) at 8, 16, 24,'48 and 72 hours following
irradiation. Tissue was snap frozen and total RNA

25  isolated and analyzed by Northern blot as described by
Fisher, G.J. et al., J Invest Dermatol (1991) 96:699=707.
Band intensities were quantified by PhosphorImager. '
Values for MMP transcripts were normalized to those for -
control gene 36B4. The results of these tests are shown

30 in Figs. 2a "(MMP-1), 2b (MMP-3), 2c (MMP-9), and 2d (MMP--
2). Results are means + SEM (n=6 for 8, 16, 48, and 72 '
hours and n=17 for no UVB control and 24 hours) and are
presented as fold increase of normalized values relative

~ to non-irradiated skin. The bands displayed in the
35  Figures are composites from several individuals.
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MMP-2 mRNA was detectable, but only elevated 1.6~fold 24

5 hours post irradiation. Time courses for induction of
MMP-1 and MMP-9 proteins and activities by 2 MED UVB
paralleled those observed for their mRNAs. Neither MMP-2
protein nor activity was induced.

Northern analysis of UVB—treated skin with a MMP-3

10 (stromelysin I)-specific probe yielded results identical
to those obtained with a full-length MMP-3 probe (Fig.
2b), while hybridization with a MMP-10 (stromelysin II)-
specific probe yielded no signal. This indicates that

_ among the stromelysins, UVB induces predominantly
15 stromelysin I.

Low Dose UVB Induction of MMPg

Subjects were exposed to UVB doses ranging from 0.01
to 2 MED as described above. Full thickness skin samples
_ (6mm cylinders) were obtained 24 hours after irradiation
20 from treated and untreated sites. The samples were
homogenized in 20mM Tris HCl (pH 7.6), 5mM CaCl,, and
centrifuged at 3000xg for 10 ninutes. Supernatants were
used to measure MMP-1 and MMP-9 proteins by Western blot
(100 pg/lane), using chemiluminescence detection and
25 activity by hydrolysis of 3# fibrillar collagen
(100 pg/assay) according to Hu, C.L. et al., Anal Biochenm
(1978) 88:638-643 and gelatin zymography (20 ug/assay) .
according to Hibbs, M.S. et al., J Biol Chem (1985)
260:2493-2500, respectively. The MMP-2 and MMP-9
30  antibodies’ used are described by Werb, Z. et al., J Cell
Biol (1989) 109:877-889 and Murphy, G. et al., Biochem J
(1989) 258:463-472, respectively. The results of these
 tests are shown in Figures 3a and 3b. : '
In Fig. 3a, MMP-Z-pfotein values are shown by the
35  open bars whereas MMP-2 activity values are shown by the
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In-Fig. 3b MMP-9 protein values are shown by the open
bars where MMP-9 activity values are shown by the cross-
hatched bars. The Fig. 3b inset shows a representative
Western blot (left panel) and a representative zymogram

10 (right panel). Multiple bands on the zymogram'are
' proteolytically processed active forms of MMP-9.

Band intensities were quantified by laser
.densitometry. Results are given as means * SEM of n=10.

As shown in Figs. 3a and 3b, induction of MMP-2 and

15 MMP-9 proteins and activities was dose dependent, and for
both MMPs changes in protein and activity mirrored each
other. MMP-2 was induced by all doses of UVB tested, _
‘while MMP-9 was induced by doses > 0.1 MED. Induction was
maximal at one (1) MED and approximately half maximal at

20 0.1 MED. 0.1 MED UVB is equivalent fo'two to three minutes

' solar irradiation on a summer day, which causes no
perceptible skin reddening. '

Low Dose UVB Induction of AP-1 and NF- B
Subjects were irradiated and tissue samples taken as
25 described above. Nuclear extracts were prepared from the
samples as described by Fisher, G.J. et al., J Biol Chem
(1994) 269:20629-20635. Biopsies (approx. 200 mg wet .
weight) containing ~10% cells yielded 500 ug nuclear
extract protein, on average. Electrophoretic mobility
30 éhifﬁ assay§‘(8 ug nuclear extract protein) were performed
using ¥p-labeled DNA probes containing AP-1 and NF- B |
~ consensus and'mutated:DNA-binding sequences as described
by Fisher, G.J. et al.,.gupra. Antibodies for supershifts
were obtained from Santa Cruz Biotechnology; Jun and fos
35 antibodies had broad reactivity to all jun and fos family
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sﬁbject to such | ow dose exposure. |In this re UVB 15 doses in the
range of 30-5 /{ﬁ% rr] skin c RS BREN nost falwﬁgﬁ,ﬂﬂgl
peopl e. Accorgvﬂﬂf %e inventio 'WMSJS prevernt phot oagi ng I'n
subjected to doses bel ow this . above about 5
ml/cnferr] which is equival ent TO a ﬂaM/n1nutes of sunli ght

exposure). 20 : - Photoaging.is prevented or inhibited according to the .
invention by'rmenh#xsngranp¢h&uebn delifadBt aphikedyhwas specdfignifor

extracel | ul ar Jgy Frpay by NF@heTﬁé§u1€sa§?0€9ébéh8gsays arBYsAgwhniiat €ring a
MWP inhibitor to the skln that is to 8 to sunli ht In this
regard the t erfdIIAF D5 4b/ 4R 3R} ofd K“?eﬁﬁ%igﬂ E%saﬁ€ﬁf§PPﬁ& iGirectly or

indirectly i nhi)b!nip](es)e. , ThéluLrsetgnfor cemésy Pigs. showl réprasanthlive

noymati & act A Tl B A Repacatded ‘Enprerant | Aodhpet hepiohaFenic 1o

mean i nteract iagdititan 39f 10@+fold excess unlabelled spxebeptMul factors

AP-1 and NF- K%e51 na éﬁu png%g Qf the nol ecul es involved in the
t hree ki nase” cascades_t S In_jun and fos protein
i nduction in the siB¥4 f mst%&r A ME- B binding inipanes the

expression of jyMRdintied it Mf*adiated (four hours after 2 MED UVB)

10 skin. As shown in Fig. 4a binding of both transcription
factors to their DNA response elements was specific as
demonstrated by loss of retarded complexes with mutated
labeled probes. Antibody supershifts demonstrated that
the specific AP-l_and NF- B retarded complexes observed

15 with extract from UVB-irradiated skin contained jun and
fos proteins, and Rel A protein, respectively.

Figs. 4b and 4c show the time courses of induction of
AP-1 and NF- B DNA binding, respectively, by 2 MED UVB.
The results reported are means +t SEM, n=9. As shown,

20 induction of both factors occurred within 15 minutes.

_ Fig. 4d shows the dose dependence of induction of
AP-1 (represented by open bars) and NF- B (represented by
cross-hatched bars). DNA binding was measured 30 minutes
after irradiation. As shown half maximal induction of

25 ¢ both factors occurred at approximately 0.1 MED and maximal
induction occurred at one (1) MED. The UVB dose
dependencies for indudtion of these :ictors closely
matched those reported above for induction of MMP-2 and
MMP-9, consistent with the participation of these

30 transcription factors in the UVB-induced increases in

these twg*MHPS.

I itio ' L g - -2 a -
0.1% all-trans retinoic acid (t-RA) and its vehicle
(70% ethanol and 30% propylene glycol) or 0.05% of the
35 ‘glucocorticoid (GC) clobetasol propionate and its vehicle
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Fig. | schenatlcally represents the pat hways_Qf.— UVB- i nduci bl e MWP
expression. _As shown in Fig. 1, ¥ generates reactive

oxygen i nt er WRPHRE (RO ) 1 and NF- RSTAS70079 |

which in turn 5 i nduces cyt okines anel owt-r—f-act ors. The interaction
of t hose cytokines and factdrs wthysheir receptors trigger t he
. small GIP binding proteins RAC/ CDC42 and RAS. Those proteins activate

the three klma&epQ@@@&@mh1dI¥CGmelus 2% i tan §éh4ﬁ£5&§§t&“iﬁf the jun
and fos prOtGhQ%eWB %rolatum) were applied (300 mg formulat10n/6 cm?
skin) to subjects for 48 hours as described by Fisher,
G.J. et al., J Invest Dermatol (1991) 96:699-707. Treated
5 skin sites were then irradiated with 2 MED UVB. Skin was
obtained as described above 30 minutes after exposure to
AP-1 measurements or 24 hours after exposure for MﬁP
measurements. AP-1 measurements and MMP-1 and MMP-9
measurements were made as described above. To determine
10 whether t-RA altered UVB-induced skin reddening, subjects
were treated with 0.1% t-RA and its vehicle for 24 hours.
Treated areas were irradiated with 10-80 mJ/cm?® UVB and
-skin reddening determined 24 hours after by a Minolta
chrcmameter. The results of these tests are shown in
15 Figs. 5a, Sb, 5¢, 54 and Se.
Figs. 5 a reports the AP-1 measurements. As shown
pretreatmént of skin with t-RA reduced UVB~induced AP-1
DNA binding by approximately 70%. |
Figs. 5b and 5c report the MMP-1 and MMP-9

20  measurements. As shown, t-RA pretreatment reduced UVB-
induced MMP-1 and MMP-9 mRNAs, proteins and activities
50%-80%.

Fig. 5d reports tests on the effect of t-RA
: pretreatment on skin reddening. As shown, although t-RA
25  absorption overlaps the UVB range (t-RA max = 351 nm),

.~ t-RA did not reduce UVB-induced skin reddening. This
indicates that the observed reductions in AP-land MMP
induction were specific rather than due to absorption of

' UVB by t-RA. |

30 ~ Fig. 5e reports the etfects of pretreatment of the
skin with GC. As shown GC pretreatment reduced MMP- I and
MMP-9 activities to extents similar to those observed from
t-RA pretreatments.

The publications referred to in the above

35 specification are hereby expressly incorporated by

reference.
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10 make-up AP-1 AP- 3. s}gu@ﬁg;&fmé
agent s that prevent S‘%hotoq
in Fi

gw n MPS. ° The
! the tpapRRbhmtizdLN

fractors AP-1 ayi _afthe nol ecul €S i nvo ved
in the three ki nase ' 1. Aspirin and E5510

Zdesc_ri bed by 15 Fujimori, T., et at - Jpa J Pharnmacol (1991)
55(1):81-91) ~ inhibit NF-KB acti vat | on. Farnesyl transferase
Lnhibitors We Ql@imgs B-581 (described by Garcia A M, et al., J Biol

Chem (1993) 268(25) 31841 M B. et
al ., Cancer Res (1995) 5%(@3295%0& %arfn}gﬁzo éﬁ%etate and

(a- hydr oxyf ar HWPW kin eH & Typan due s expesure Pf thei skinon
of the ERK CaSGCthéWhﬁhﬂ@Sto ultnaviamdttxﬂfﬁbédiéﬁﬁﬁﬁﬁﬁwwajnhlbltors and
i sofylline Lnhi,bit acti vad| on of the JNK cas.c unds such as
SB202190 (descFPBRELGHIde, PFOXL ’dghfb 7(2a Yy 3%he6)

and PD98059 (dastiviey bf Dval d.)t'raﬂi'&timt inducihile W&r{lﬂﬁ 4RDAD)

92: 7686- 7689) [ e C |ﬁll;@ t égﬁge tingids
-such as those (Blil Bh% 8% gsk?fet |°f ﬁhg %‘Oiﬁ}%g_/t‘% an?‘gﬁﬁé 8
di ssoci ating NF- Br anAndrds athieaste onecaiff ithe GTRAbIndimggrotedinsiodr as
30  those degg¢hhbed EhvEéWeH' inet:h&l adﬂmiex{ Ja?%)oﬁ-ﬁ'omf’ction ot 110),
gl ucocorticoid and i tam rﬂ tt AP- 1
? os protexns tha compr:.se AP-l. and topically
10 ' administering said inhibitor to the skin prior to such
exposure in an amount sufficient to inhibit the production
or activity of UVB-inducible MMPs, one or both of AP-1 and
NF- B, or least one of the GTP binding proteins or kinases
involved in the activation and/or production of jun or fos

15 proteins.

2. The method of claim-1 wherein said method
inhibi_ts photoaging induced by exposure to a dose of UVB
below the minimum dose required to cause reddening of said
skin.

_ 20 ' 3. The method of claim 2 wherein said UVB dose is
above about § mJ/cm .

" 4. The method of claim 1 wherein the inhibitor
inhibits the activity of at least one of AP-1 and NF- B.

5. The method of claim 1 wherein the inhibitor
25 inhibits the activity of UVB-inducible MMPs.
6.  The method of claim 1 wherein the inhibitor
inhibits a GTP binding protein or kinase essential to the
production of jun or fos proteins.
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retinoids, besides retinol, include natural and synthetic “anal ogs of

vitamn A (retinol), V|tan1n A al dehyde (retinal), vitamn A acid
(retinoi c adv@I97/2596% udi ng 35 all-trans and 13-cis retinoi PGEVIH0(
ot her as described in EP 379367 A2. Finally, MWs may be inhibited
Wwo 97/25969 PCT/U897/007%&

7 g by BB2284 (descrlbed by Gearing, AJ.H et al., Nature

(1994) 370:555-5 eser n t a

Nat ure (1994 737%358%%3@%"% SEGEPS% { Wheeeld tﬁew"%"f’lt“e

Mari mast at , i%hﬁ bt and &%dao¥ﬁ51n°§dr anghRcPRArbiceid, or

One or nnrevmkgﬁmﬁmnﬁ&ﬁ>|nh|b|tors are preferably adm ni stered

topically to the skin that is to be exposed

8. The method of claim R'Wherein the inhibitor
5 .. inhibxts NF- B and is a glucocorticoid, aspirin or E5510.

9. The method of claim 5 wherein the inhihitor is a
TIMP, Galardin, Batimastat, Marimastat, or a hydroxamate.

10. The methqd-of'éléim 6 wherein the inhibitor is a
famesyl transferase inhibitor, a geranyl
10 geranyltransferase inhibitor, SB2021%0, or PD98059.

11. The use of an inhibiter of an ultraviolet B
irradiation.inducible matrix metalloproteinase in the _
manufacture of a medicament fot preventing photoaging of
undamaged human skin. - o= -
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t'o sunlight. For such adm nistration they will normally
. as creans, ge

phar macol ogi c
formul ate the

U S Pat.

Yo o™

nts,

i nhi bitor(s).

Exanpl es ?ﬁuch vehicl es are described in
No. 4,877,805 and EPA Pub. No. b 8
in.a 15 =

or nore inhibitors may be present

Lnst-ance,
di fferent.
may be

as, .enol | i-é
addi tion, t
particles {
~inhibitors
the . - f
to 1% Nor

cnferr] of
undanmaged. {
(i.e. dail

'
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\

RAC/CDC42 =

|
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sprays or
osnetically

bé fornul at ed _
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30 primarily depend upon the |ongevity (e.g., netabdlisnl-:' “ half-life

Hours Poét UVB Treatment

in the skin) of the inhibitor(s) and the - ..nol-ecul ar " t ar getp-raisonieion
action. |t m¥PE8%he - effected by bathing, perspiration, .and the
extent of sunl i ght exposure.. Usually they will be applied daily. -
WD 97/ 25969 -2/ _ PCT/ US97/ 00791
8 The invention is further illustrated by the foll ow ng
exanpl es. These exanples are not intended to limt the - invention in
any manner. - : _ ; EXAMPLES
|
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5 Det ermi nati on of Ml ecul ar Basis of UVB-1nduced Photoaging’ Hi gh
WB Dose | nduGhhgha&lse MVPS The tinme course of changescTsIidBYo,
MWP- 3, MWP-9, - and MVP- 2 nRNA, protes?f 8and enzyrratlc activity levels
foll owi ng WB exposure were determ ned as ftoll ows. Subj ects were
adul t Caucdsians (approxi mat ehyesqean Biot nunbers, of mal es and fenal es)

with light to mLd pi gmentgatron. The UVB dose required to cause

' barel y per Cepti bl e ski n§b dening (m nimal erythema dose, or _
"MED'). for each suljj ect was erm ned 24 hours ost. 15 ~irradiration.
One (1) MED for alll subj ect M&Dso mi/cnferr]. The

subj-ects’ battoc s [we&ubj namaegit'&RE y g UVB with an Utralite

Panelite Iam) cont i ni ng . ouP- UVB tubes. Irradiation

intensity W& ed W|th P her apy Radi oneter and a
20 SED24OESLNB/3V hggg'béf @‘)iﬁ g%é‘gé fred 48 cm  fromthe

sour ce, cnferr]. For each subj ect skin was # remgyved by *
ker at omre fr=nn¢’fo 4sites (one non-irradiated, - thrge 4= radi
16, 24, 48 nfd 7 Pnours fol |l ow ng - |rrad|at|on Ti s wa

and total 25 | sol ated and anal yzed by Nogthern bl S
Fi sher, GJ“"Gt g/4. J Invest Dermatol (1991) '-Qf_699 707

‘éu; o |«
3 2 * .‘ —
= - el —I? /
1- Im7ZB / /
7| L / i
ZRARZal é 2191
No UVB .01MED .0SMED .1MED .SMED 1MED
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Band intensities were quantified by Phosphorl mager. Val ues for MWP.
transcripts were nornalized to those for control gene 36R4rUsolive791
resul ts of t¥CE&R¥s are shown 30  in Figs. 2a(MWP-1), 2b (MW-3), 2c
(MWP-9), and 2d ( MVP- - 2) . Resu%tfrgre_ means [err] SEM (n=6 for 8,
16, 48, and 72 . hours and n=17 forf UVB control and 24 hours) and
are presented as fold increase of nornalized-val ues relative to
mon-irradi ated skin. The bands displayed in the 35 = Figures are
conposi t esFigwomkeveral .individuals. WD 97/ 25969
PCT/ US97/ 00791 ¥ o 9 As gRown,
in Figs. 2a-d, induction of MW-1, MW-3, &7 & a%d -9 MRNAs was, Yraxi mal
(6-60 fold) wthin 16 to 24 9 hours &nd 5t N o n@ar basek¥fgs:
within 48 tod72 hours. LYW L V0 e
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MWP- 2 nRNA was det ect abl e, ‘but only el evated
irradiation. Tine courses for induction of

and activiti eVY/259%9ED UVB .
nPRNAs. Neit her MWP-2 _

Nor t her n anal ysis of UVB-treated Skln\M
|)-specific pgebedyiel ded results identi
full-length MVP- 3 probe (Fig. 2b) ,
(stronel ysin

t hat m;é)g
stronelysin |.

52,8

paralleled'

1.6-fold 24 5
MVWP-1 and
t hose observed

hours post
F o Tbdl

(stronelysin
to those obtained with a

protein nor activity was |nduced

MWP- 3

“whil e hybridization with a Mw-10
- specific probe yielded no signal.

t he stronakygpgéfuy%p i nduces pr
duction of

Thi s indicates
edom nantly 15

MVPs Subj ect's

were exposed to UVB doses:ianﬁb Qpn10 01 ! to 2 MED as described
above. Full thickness ski® Pe¥y * (6Mm cylinders) were obtained 24
hours after irradiation 20 fromtreate® and Untreated sites. The
sanpl es were ogoagenl mM TrgsgHd (pH 7.6), 5 Cad [err],
and centr|#lge rgg10 n1uumes %éupernatgnts re:: . *
used to neasure M- ei ns ye stgrn bl ot ;;7 % 1_
. < Q i 7 -
- _ _ .
2 7077
1900700
oA A A
No 25 5 1 2 4
UVB Hours Past UVB Treatmen
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("100 [err] g/l ane), using chenilum nescence detection and 25 activity by
hydrolysis of [err]H fibrillar collagen (100 [err] g/ assay ng
to Hu, C. L. eWOR72596Anal Bi ochem’ (1978) 88:638-643 and ge %gt%?flﬁo%l
zynogr aphy (20 [err] g/ assay) . according to Hi bbs, MS. et al., J Biol
- Chem (1985) 260: 2493- 2500, res (:}lvely The MWP-2 and MWP-9 30

anti bodi es used are described by Wer Z et al., J Cell Bi ol (1989)
109:877-889 and Murphy, G et al., Bi ochem J (1989) 258:463-472,
respectively. The results of these tests are shown in Figures 3a and
3b. In Fig. 3a, MW-2 protein values are showmn by the 35 open
bars whereas MW-2 activity values are shown by the _ '

—

< . -
(es®a:3vu] plog)
Suipuig ¥NQ 1-dV peanpu-gAN

VEH

-

e
.
&> 03 s
EE IZ v §9
34U 2z “ 8,
ZE< VYVY v
1 @ ¢ o l
- ﬂAn‘VH[¢| . -
% 1 - 2
BAN+A 173 - y |
._ A -, ]
- [GANsYY . . B ‘
% aAN+A . . |
: A JEa -
o A A
* 2.2
. . <
Q

~Figure §



10

cross- hatched bars. -The Fig. 3a inset shows repiesentative

Western blots fromtwo subjects. The | arger 54 KDa band pignisthensdi
MWP- 2 and t heWeraII2se69 45 KDa band is the proteolytically processed

activated formof 5 MVP- 2.

In F|g 3b MVP-9 protein val ues

are shown by the open - bars where y\/P activity values are shown by
' 36 8n

t he cross-

hat ched bars. The Fig.. set shows a representative

Vest ern bl ot Figwefets panel ) and a representative zynogram 10 (right

panel). Miltiple bands on the zynogram are.- proteol ytically processed
active forns of MWP-9. - Band intensities were quantified by |aser
densitonetry.

"in Figs. 3a an

esults are given as neans SEM of n=10. As shown
3b, induction of MW-2 and 15 MP-9 proteins and

activities was doge dependent, and for . both MWPs changes in protein
and activity m rrored each other. MW-2 was induced by all doses of
UVB tested, :-_,'J- '
]
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)
while MWP-9 was induced by doses > 0.1 MED. Induction was - maxi mal at
one (1) MED and a%{groxi mately half nmaxi mal at 20 0.1 MED. OIJC'MEB'IW li S

equi val ent t o WR3"2¥6hree m nutes sol ar irradiation on a sunmer day,
whi ch causes no percepti bl e skin reddening. - Low Dose UVB
I nduction of AP-1 and NF- B Subj ec \Agre irradiated and tissue
sanpl es taken ?? L?l%i descri bed above. uél ar extracts were prepared from
the sanp e% as described by Fisher, GJ. et al., J Biol Chem
(1994) 269: 20629- 20635. Bi opsi es. (approx. 200 ng. wet wei ght)
containing -10[err] cells yielded 500 [err]g nuclear extract protein,-
on average. El ectrophoretic nobility 30 shift assays (8 [err]g-nuclear
extract protein) were perfornmed using [err] P-1abel ed DNA probes
contai ning AP-1 ghd NF-KB consensus and nut at ed DNA- bi ndi ng sequences
as - descri bed bysFi sher, GJ. et al...supra. Antibodies for
supershifts wer € Jobt ai ned from Santa Cruz Biotechnol ogy. Jun and fos .
35 anti bodi e® had brjoad reactivity to all jun and fos famly
s 12 ' : - +T T
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menbers, . resq i ‘:ntlbody was specific for p65/ IgﬁﬁﬁffEQ

. results of t Eldwn in Figs. 4a, 4b, 4c and 4d (NS &ps

| desi ghat es ngn- i fi ejanpl es). The insets for these Figs. &
representati -KB retarded conpl exes. +Conpet deS|gnates
addi ti on of nllabel | ed probe; Mt desi gnat es mut at ed

[err] P probe.

shomn in Fig.

10

15

20

25

30

35

i rradi at ed arfg

4a depicts AP-1. and NF-KB binding in non-

i g ' | hours after BubdtDebdBlhdé: - 23 Kguhe 1999
4a b|nd|ng of both transc®iption

stromelysin-2 (MMP-10), and stromelyszn-J (MMP-11) that
degrade fibronectin, PG core protain, collagen types IV,
v, IX, and X, laminin and elastin; PUMP-1 (MMP-7) that
degrades collagen type IV, gelatin, laminin, fibronectin
and PG core protein; and metallcelastase (MMP-12) that
degrades elastin and fibronectin.

The expression of MMP genes is induced:by the
transcription factors AP-1 and NF-KB. Angel, P. et al.,
Cell (1987) 49:729-739 .and Sato, H. and Seiki, M.,
Ooncagena (1993) 8:395-405. AP-1 and NF-KB activities are
mediated by cytokines (e.g., interlukins IL-1, IL-6, and
TNFe), growth factors (TGFa, bFGF), and environmental
stress such as oxidants, heat, and ultraviolet
irradiation. AP-1 induction and production of jun
proteins (C~jun, jun-B, and jun-D) and fos proteins
{C-fos, fos-B, fra-l1, and fra-2) that make up AP~-1 are
mediated by a host of molecules (e.g. RAC, CDC42, MEKX,
JNKK, JNX, RAS, RAF, MEK, and ERK). It is known that AP-1
and NF-KB are activated in mammalian cells exposed to UV
light. bevary, Y:, et at. Science (1593) 261:1442-1445.
Wlaschek, M. et al., Photochemistry and Photobiolaogy
(1994) 59(5):550-556, also report that UVA irradiation of
fibroblasts resulted in an IL-1 and IL-6-mediated '
inducticon of MM®B-1 and that such induction might

_contribute to the loss aof collagen in photoaging.

-Enhibitors of MMPs or the transcription factors that
affect their expression are also known. Hill, P.A. et
al., Biochem J (1995) 308: 167-175 describes two MMP
inhibitors, CT1166 and RO31-7467. Gowravaram, M.R. et
al., J Mad Chem (1995) 38:2570-~2581 describes the
development of a series of hydroxamates that inhibit MMPs
and mentions thicls, phosphonates, phosphinates,
phosphoramidates and N-carboxy alkyls as known MMP
inhibitors. This paper indicates that MMP inhibitors
include a moiety that chelates zinc and a paptidic
fragment that binds a subset of the specificity pockats of

'7f



factors to thdtf
by loss of re
supershifts d
conpl exes obs
jun and

- response_el enents was specific as denonstrat ed
bMHﬁﬁa- M th nutated | abel ed probes. Anti body
nmpns r ret—t+ha the specific AP-1 and NF-KB retarded

eg ‘%15 mvm,éf xfract from UVB-irradiated skin contained
Rs p d{efﬁé; Rel A protein, respectively.

Figs. 4b and ourses of induction of AP-1 and NF- KB
DNA bi ndi ng, frespectively, VED UVB. The results reported are
means [err] SEM TN=9: 20 I nduct i ogulggtllqgfc@ Sﬁ.,@g{ Qr 53 r
within 15 m nutes. Fig. 4d shdws t he—duse dependence ? Uris

nduction of . warps.  AbsdaddiPrEseialdinaAIen 3k s3nd N Escnepr esent ed.

after |rrad|eu??ﬁ+eﬁﬁsEﬂﬂnﬁ+4ﬂﬁqalw§%ﬁﬁ&F Pifd feesA Lof™Fs LnhiBdtATEact or s
occurred at approbidige|GalariivEDBardmaacaryl and Marimdsehkeon othder gspat

one (1) MED. Tm%aqucme UeR2ALANGIR ol Qohl ?cthoa kel ggse factors

cIoser tc qf {ose reported above ion of MWP
MVP- cd%S|sf§ﬁﬁ & % 44826538 - ofF Fﬁésé”éﬁc CtrafScRAtpei dRch
factors |n.truaéxﬁhtatnnnaiamasmeaSBS:nn7-114),thaaeréumnbwas.(Fanjul,

A. et al., Nature (1394) 372:107-111; Nicholson, R.C. et
al., EMBO Journal (1990} 9(13) 4443-4454; and Bailly, C.
et al., J Investig Derm (1990) 94(1):47-S1).

10 DISCIOSURE OF THE INVENTION
The present invention is based on applicants
discovery that UVB exposure rapidly upgrades AP-1 and NF-
KB in the exposaed skin and leads to MMP induction. The
elevated levels of MMPs that result from UVB exposura act
15 to degrade connective tissue prcteins in skin. Such’
damage, if imperfectly repaired, resﬁlts in solar scars
which accumulate through repeated UVB expasure and alsa
cause photoaging.
Accordingly, applicants prevent photoaging of
20 undamaged human skin due to exposure. of tha skin to UVB by
administering an inhibitor of a UVB-inducible MMP to the
human pricr to said expesura in an amount sufficient to
inhibit induction and/or activities of UVB- -inducible MMPs.
=Surpr131ngly, this occurs at UVB doses below thosa that
25 cause erythema as well as at those which cause erythema.
Another aspect of this invention is the use of an
inhibitor of UVB-inducible MMP induction or activity in
the manufacture of a medicament for preventing photoaging
of undamaged skin due to repeated UVB exposure.

30 BRIEF DESCRIPTION OF THE ORAWINGS
In the drawings:

Fig. 1 is a flow chart showing the pathways by which
UVB induces MMP production.
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Figs. 2a-d, 3a-b, 4a-d, and Sa~e are graphs of test
results described in the Examples, jinfra.

Q c G E NTIO

The present invention is used to inhibit (i.e. reduce
or prevent) photoaging of undamaged human skin, that is,
skin that does not show the effects of photoaging.
Treatment according to this invention should thus be
practiced on skin such as that of the head, neck, hands,
and arms that in typical, everyday living are habitually
exposed tao sunlight hefore such skin exhibits the telltale
signs of photoaging. Because repeated exposura to doses
of UVB below that which causes erythema can lead to
photoaging, the invention should be pra&ticed on skin
subject to such low dosa exposura. In this reqard UvB
dosés’ in the range of 30-50 mJ/cm® skin cause erythema in
most fair-skinned people. Accordingly the inventiaon will
prevent photoaging of skin subjected to doses below this
range (typically abaovae abhout 5 mJ/cn which is equ;valent
tc a few minutes of sunlight exposuraej. :

Photoaging is prevented or inhibited accerding to tha
invention by inhibiting UVB-induced degradatian aof the"
dermal extracallular matrix by MMPs. Thiz is accomplished
by administering a MMP inhibitor to the ékin that is to be

~exposed to sunlight. 1In this regard the term "“MMP

inhibitor* intends those agents that directly or
indirectly inhibit (i.e., raduce significantly or
eliminate) the expression of UVB~inducible ¥MPs in such
skin or inhibit the enzymatic activity of such MMPS.
"Indirect inhibition" is intended to mean interaction with
either or Both of the transcription factors AP-1 and NF~KB
and/or one or more of the molecules involved in the three
kinase cascades that rasult in jun and fos protein
induction in tha skin in a manner that reduces or
eliminates the expression of UVB-inducible MMPs.

5?) id |ts vehicl e (70% et hanol and 30%
§1 gl ucocorticoid (GC) cl obetasol
12
N 5¥Asdr i t an sesquiol eate in white
I|ed (300 formul ation/6 cnferr] skin) to



5 skin sites m ) 't_ed with 2 MED UVB. Skin was

obt ai ned as deSC‘RERtA gfmutes after exposure to AP- 1

measur enents or | km$ﬂefm MVP measur enments. AP-1
measur enent s ano ; measurenents were nmade as descri bed
above. To determ r ft-RA altered UVB-induced skin reddeni ng,
sybj ects jer ] .1%t-RA and its vehicle for 24 hours.
Treated areas - 10-80 ml/ c er[J.UVB nd lnggl@gg
reddeni ng det er ATT * < br by a Mgnol SEEstitute

results of these tests are shown in 15 F| gs. 5a, 5b, 5c, 5d and Se:
Figs. 5 a reports thegAP-1 senfacifallly. rspradants the pathkagat gent of

skin with t- d - pp | mat el y
70% M T %%%ﬁs’ﬁ s W%"%@%@y TP

measur enent s. %P%ﬁ%ﬁ gfnm%"etﬁe@&t‘ﬁgﬁt "r"é’difdbd'wed“tesl A&8&dd MvP- 1
and -MVP- 9 nFmM6n1¢m0$Eimu1&HuiHRHn\mnﬂl@f-KB acﬁiyﬁﬂ&a%nhzcﬁ in turnFig. 5d

reports tgsts 9&%@@5%&;%&,@s %nlgA zo rq{t;ps o Inggcrtng,R%ltng

As shown,” al t ho bsor tlon ove ran
[err]max = 351‘:%73 cytokineRang dasserise iR G@Bﬂrnd’t?&e@@ﬁﬁntlf ggesi ng
This - the small GTP binding proteins RAC/CDC42 and RAS. Those

proteins activate the threa kinase cascadas that ara

' essential to praduction of the jun and fos prcteins which

10 make-up AP-l. AP-l induces expression of certain MMPS.

' The agents that prevent photoaging can act on the MMPS,
the transcription factors AP-l1 and NF-KB, and/or one or
more of the molecules involved in the three kinase
cascades shown in .Fig. 1. Aspirin and ES510 (described by

15 Fujimori, T., et at., Jpn J Pharmacol (1991) S5(1):81-91)
inhibit NF-KB activatiocn. Farmesyl transferase inhibitors
such as B-581 (described by Garcia A.M., et al., J Biol
Chem (1993) 268(25):18415-18), BZA-5B (described by Dalton
M.B. et al., Cancer Res (1995) 55{15):3295~3304), farnesyl

20 acetate, and (a-hydrcxyrarnesyl) phosphoric acid act on
RAS and inhibit activation of the ERK cascade; whereas
geranyl geranyltransferase inhibitors and lisofylline
inhibit activation of the JNK cascade. Compounds such as
SB202190 (described by Lee, J.C., et al., Nature (1994)

25 _3?2:?39-746) and PD98OS9 (describad by Dudley, D.T., et
al., PNAS (USA) (1995) 92:7686-7639) inhibit specific
kinases in the cascades. Ratinoids such as thosae
disclosed in U.S. Pat. No. 4,877,805 and the disscciating
retinoids that are specific for AP-1 antagonism such as

30 those described by Fanjul, et 2l. (Nature (1994} 372:104-
110) , glucocorticeids, and Vitamin D3 target AP-~1. Other
retinoids,.besides retinol, includa natural and synthetic
analags of vitamin A (retinol), vitamin A aldehyde
(retinal), vitamin A acid (retinoic acid, including

3s all-trang and l3-gis retinoic acid), and cther as
described in EP 379367 A2. Finally, MMPs may be inhibited



i ndi cates that the observed reductlons in AP-1 and MwP i nducti on were

specific rather than rﬁr Y on of UVB by t-RA. 30

Fig. 5e reports the efff ' Qepeefent of the skin with GC. As
shown GC pretreatnent Jrd F MWP-9 activities to extents
simlar to those obsefved2fgo RA pretreatnents. The
publications referredftp ¥ specification are hereby -
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10

cross~hatched bars. The Fig. 3Ja inset shows
representativa Westarn blots from two subjects. Tha
larger 54 KDa band is intact MMP-2 and the smaller 45 XDa
band is the proteolytically processed activated form of

5 MMP-2. | -

In-Fig. 3b MMP~9 protein values are shown by the open
bars where MMP-9 activity values are shown by the crass-
hatched bars. The Fig. 3b inset shows a representative
Western blot (left panel) and a representative zymogram

10 (right panel). Multiple bands on the zymogram are
proteclytically processed active forms of MMP-9.

Band intensities were quantified by laser
densitometry. Results are giﬁen as means * SEM of n=10.

As shown in Figs. 3a and 3b, induction of MMP-2 and

1s MMP-9 proteins and activities was dose dependent, and for
both MMPs changes in protein and activity mirrored each
ather. MMP-2 was induced by all dases of UVB tested,
while MMP-S was induced by dosas > 0.1 MED. Induction was
maximal at one (1) MED and approximately half maximal at

20 0.1 MED. 0.} MED UVB is equivalent to two to threa minutes
solar irradiation on a summer day, which causes no . '
perceptible skin reddening.

W : - -
_ Subjects wera irradiated and tissue samples takan as
25 describdd abova. Nuclear axtracts wers prepared from the
samples as described by Fisher, G.J. et al., J Biol Chem
(1994) 269:20629-20635. Biopsies (approx. 200 mg wet
weight) containing -10% cells yielded 500 pg nuclear
extract protein, on average. Eléctrophoretic mobility
30 shift assays (8 ug nuclear extract prataein) wera perfarmed
using *?p-labeled DNA probes containing AP-1 and NF-KB
cansensus and mutated DNA-binding sequences as described
by Fisher, G.J. et al.,.supra. Antibodies for supershlfts
wera cbtained from Santa Cruz Bictachnolcqy. Jun and fos
35 antibodies had broad reactivity to all jun and fos family



W claim 1 A_nethod for inhibiting photoagi ng of

unphot odamaged ski 0 exposure of the skin of the
human to ul travi ol UVB) , conpri sing: providing at

| east one inhibitg activity of UVB irradiation inducible
MWPs in the skin, pot h of the transcription factors AP-1

and NF- KB and VP\ ar Ieast pne of the GIP binding proteins or‘

ki nases involved {n the activation gnd/or produyctio . b4n
proteins that conﬁrrse—ﬁﬁk+;—and_LJp|calIy110 3 i hset q
imhibitor to the skin prior to such exposure in an anount suff|C|ent

to inhibit them@mndnsx|:#speetivewYéunNRnK§/Qﬁtihﬁﬁﬂrﬂﬂﬁn§ﬁ%Fﬂﬂﬁ% £fe or

both of AP-1 apgls/ne1 AN"Hfa AisdfdPloORthéle thesdFP hiadiogapr bheins of
ki nases nvol ved i the actlv and/ or 0, or fos 15
prot ei ns. Figs. 4a, Il" tﬁfi)d&gﬁ ?%’r?ﬁ%ﬁﬁ%‘# n%%%,aﬂ;@

i nhi bits phot oe:gamgleﬂ)jucemd)yl.m(emsm@ teheselBiTHf AW repreggmm{.vﬁ%

mni num dose regul I 204t Rr CRsSRat SAUIED  sihPladdd 1  +Compet designates
addition of 100-fold excess unlabelled probe:; Mut
designates mutated 3p proba.
Fig. 42 depicts AP-1 and NF-KB binding in non-
irradiated and irradiatad tzcur hours after 2 MED UVB)

10 skin. As shown in Fig. 4a binding of both transcription
factors to their DNA response elements was specific as
demonstrated by loss of retarded comnlexes with mutated
labeled probes. Antibody supershifts demonstrated that
the specific AP-1 and NF-KB retarded cemplexes observed

is with extract from UvB-irradiated skin contained jun and
fos proteins, and Rel A pfetein, respectively.

Figs. 4b and 4c show the time courses of induction of
AP-1 and NF-KB DNA binding, respectively, by 2 MED UVB.
The results reported are means * SEM, n=9. As shown,
20 induction of both factors cccurred within 15 minutes.
| Fig. 4d shows the dosa dependence of inducticn of.
AP-1 (represented by cpen bars) and N¥-KB (represented by
cross-hatched bars). DNA binding was measured 30 minutes
after irradiation. As shown half maximal induction of

25 _both ,factors occurred at approximately 0.1 MED and maximal
inddction occurred at one (1) MED. Thae UVB dosae
dependencies for induction of these factors closely
matched those reported above for induction of MMP-2 and
MMP-9, consistent with the participation of these

30 transcription factors in the UVB-induced increases in
these two MMPS.

Inhibitio B - BP-2 a -
0.1% all-trans retinoic acid (t-RA) and its vehicle
(70% ethanol and 30t propylena glycol) or 0.05% af the
3S glucocorticoid (GC) clobetasol proplonata and its wvehicle



ski n. 20
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(2% propYlene glycol plus 2% sorbitan sesquioleate in
white petrolatum) were applied-(loo mg formulation/6 cm?
skin} to subjects for 48 hours as described by Fisher,
G.J. et al., J Invest Dermatol (1991) S96:699-707. Treated

.skin sites were then irradiated with 2 MED UVB. Skin was

obtained as described above 30 minutes after exposure to
AP-1 measurements or 24 hours after expasure for MMP
measurements.. AP-1 measurements and MMP~1 and MMP-9
measurements were made as described above. Ta determine
whether t—-RA altared UVB-induced skin reddening, subjects
were treated with 0.1% t-RA and its vehicle for .24 hours.
Treated areas were irradiated with 10-80 mJ/cm® UVB and
skin reddening determined 24 hours after by a Minolta
chromameter. The results of these tests are shown in
Figs. Sa, Sb, 5S¢, 54 and Se.

 Figs. 5 a reports the AP-1 measurements. As shown
pretreatmént-ofiskin with t-RA reduced UVB-induced AP-1
DNA binding by approximately 70%.

Figs. Sb and Sc report the MMP-1 and MMP~9
measurements. As shown, t-RA pretreatmeﬁt reduced UVB-
induced MMP-1 and MMP-9 mRNAS, proteins and activities
50%-80%. '

Fig. 54 reports tests on tha effect of t-RA
pretreatment on skin reddening. As shown, although t-RA

absorption overlaps the UVB range (t-RA Amax = 351 nm), .

t-siﬁdid not reduce UVB-induced skin reddening. This
indicates that the cbserved reductions in AP-land MMP
induction were specific rather than due to absorption of
UVB by t-RaA.

Fig. Se repaorts the effects of pretreatment of the
skin with GC. As shown GC pretreatment reduced MMP- I and
MMP-9 activities to extents similar to thase observed from
t-RA pretreatments.

The publications referred to in the ahava
specification are hereby expressly Lncorporated by
rafarenca.
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1. A method for inhibiting photoaging of
unphotodamaged skin of a human dua to exposure of tha skin
of the human to ultraviolat B irradiation (UVB),
compriéing: providing at least one inhibitor of (a) the
activity of UVB irradiation inducible MMPs in tha skin,
(b) one or both of tha transcription factors AP-1 and
NF-KB and (c) at least ane of the GTP binding proteiﬁs or
kinases involved in the activation ahd/or production of
jun or fos proteins that comprise AP-1; and topically
administering said inhibitor to the skin prior te such
exposure in an amount sufficient to inhibit the productian

or activity of UVB-inducible MMPs, ona or bath of AP-1 and

NF-KB, or least ona of the GTP bindiné praoteins or kinases
involved in the activation and/cr production of jun or fos
proteins.

2. The method af claim-1l wherein said method
inhibits photoaging induced by exposure to a dose of UVB
below the minimum dase required to cause reddenznq of said
skin. '

3. The method of claim 2 wherein said UVB dose is
above about S mJ/cm -

4. The method of claim 1 wherein the inhibitor
inhibits the activity of at least one of AP-1 and NF-KB.

s. The method of claim 1 wherein the inhibitor
inhibits the activity of UVB-inducible MMPs.

5. The method of claim 1 wherein the inhibitar
inhibits a GTP binding protein or kinasa essential to the
production of jun or fos proteins.

* [ L L] s *
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