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VITAMIN K FOR PREVENTION AND TREATMENT OF SKIN RASH
SECONDARY TO ANTI-EGFR THERAPY

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
60/671,563, filed April 15, 2005, the content of which is hereby incorporated by reference in

its entirety into the subject application.

STATEMENT OF GOVERNMENT SUPPORT
[0002] The invention disclosed herein was made with U.S. Government support under
National Institutes of Health grant numbers CA 84119 and 91784. Accordingly, the U.S.

Government has certain rights in this invention.

BACKGROUND OF THE INVENTION

[0003] Throughout this application various publications are referred to in parenthesis.
Full citations for these references may be found at the end of the specification immediately
preceding the claims. The disclosures of these publications are hereby incorporated by
reference in their entireties into the subject application to more fully describe the art to which
the subject application pertains.

[0004] The epidermal growth factor receptor (EGFR) is a transmembrane protein
expressed in all epithelial surfaces. It plays an important physiological role in epithelial
repair and regeneration. Epidermal growth factor (EGF) is a peptide secreted by salivary
glands and other glands associated with epithelial surfaces that binds to a specific area in the
extracellular domain of EGFR. Upon binding it generates a signal that is transmitted inside
the cell. The first intracellular event as a result of EGF binding is a conformational change of
the intracellular domain of EGFR that allows adenosine 5'-triphosphate (ATP) to enter the so-
called tyrosine kinase (TK) domain, a pocket that contains a tyrosine residue, and donate a
phosphate group to the tyrosine residue. The intracellular EGFR carrying a phosphorylated
tyrosine becomes capable of associating with other intracellular proteins and originates a
series of biochemical reactions that propagate downstream through a very complex network.
The best known arms of this network are the mitogen-activated protein kinase (MAPK)

pathway, which results in tumor cell division upon activation, and the AKT pathway, which
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results in enhanced cell survival upon activation. The results of EGFR activation are
therefore increased cell proliferation and enhanced cellular tolerance to different insults.
[0005] Many tumors overexpress EGFR compared to vicinal normal tissues or the
epithelial surface from which they originate or have a mutated version of EGFR, intrinsically
activated or with an enhanced susceptibility to activation. Such overexpression is thought to
be one of the many mechanisms by which tumor cells gain a growth advantage, a key
characteristic of the malignant phenotype. Consequently, blocking the EGFR signaling
pathway is thought to be a rational strategy for the treatment of many human malignancies.
There are basically two ways to inhibit upstream the EGFR signaling pathway: 1) preventing
EGF and other natural peptide ligands from binding to the extracellular EGFR domain by the
use of specific monoclonal antibodies, and 2) preventing ATP and other phosphate donors
from entering the TK pocket of the intracellular EGFR domain by the use of small molecules
that structurally fit very well into the pocket (the so-called EGFR TK inhibitors).

[0006] After years of discovery efforts and clinical evaluation, EGFR inhibitors have
been recently shown to be active antitumor agents against a variety of solid tumors including
but not limited to colorectal carcinoma, non-small cell lung cancer, head and neck cancer and
malignant gliomas (Conen et al., 2003; Lage et al., 2003; Lorusso, 2003; Vanhoefer et al.,
2004). Clinical benefit defined as relief of symptoms or prolongation of survival has been so
far demonstrated with the anti-EGFR antibody cetuximab (Erbitux®) and the EGFR tyrosine
kinase (TK) inhibitors gefitinib (Iressa®) and erlotinib (Tarceva®). Many additional agents
belonging to this class are being developed. As of today, FDA approved indications include
chemorefractory colorectal carcinoma and non-small cell lung cancer, head and neck
carcinoma, and pancreatic carcinoma. Many clinical studies using these ;clgents alone or in
combination, for refractory or chemo naive patients with a variety of other malignant diseases
are in progress. It is anticipated that as many as 200,000 patients in the USA may receive
these agents every year in the near future.

[0007] Although these agents do not cause life threatening toxicities, the major side
effect is a skin rash that occurs in 60-70% of patients, affects mostly face and trunk, and
causes discomfort and unfavorable cosmetic changes in many cases. Main symptoms caused
by the skin rash are itching, dryness, and secondary infection. The occurrence and intensity
of the rash are clearly dose-related and the median time of occurrence is 10 days after

initiation of therapy. About 10% of patients discontinue therapy due to skin toxicity.
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[0008] Most clinical studies have shown that most patients who develop skin rash as a
result of anti-EGFR therapy tend to live longer. It is thought that the occurrence of skin rash
requires both effective EGFR inhibition in the skin and a competent immune system that is
able to respond to the tissular insult caused by such inhibition with an appropriate
inflammatory response. As there is growing evidence that the skin rash is a surrogate
indicator of antitumor efficacy and clinical benefit (Cohen et al., 2003), increasing dosing of
anti-EGFR agents to cause a skin rash may become a common practice. If that is the case,
treatment of the skin rash will also become of increasing importance. As a result, treatment
of the skin rash is also becoming of increasing importance. There are no rational,
scientifically proven and clinically effective methods available for the treatment of this form
of skin rash. Topical or systemic antibiotics, anti-inflammatory agents, retinoids, topical
lubricants, and other types of remedies have been tried in an empirical fashion with poor or
inconsistent results. As of today there is no established therapy or prevention for this new
skin disease, a condition that is expected to affect about 150,000 individuals in the USA
every year in the very near future.

[0009] Vitamin K has been used for treatment of blood vessel disorders of the skin,
cosmetic skin treatment, and skin treatment following laser treatment (U.S. Patent No.
5,510,391; U.S. Patent Application Publication No. US 2003/0170187; PCT International
Publication Nos. WO 97/39746, WO 02/13780, WO 03/101415, WO 2004/019923; Lou et
al., 1999; Shah et al.,, 2002). However, topical administration of vitamin K3 can cause
dermatitis (Page et al., 1942) and vesiculation of the skin (Ulbrich, 1961).

SUMMARY OF THE INVENTION

[0010] The present invention provides a method for treating a skin rash secondary to
an anti-epidermal growth factor receptor (EGFR) therapy in a subject receiving said therapy,
the method comprising applying a vitamin K analog to the skin rash in an amount effective to
treat the skin rash. The invention also provides a method for preventing a skin rash
secondary to an anti-epidermal growth factor receptor (EGFR) therapy in a subject receiving
said therapy, the method comprising applying a vitamin K analog to the skin in an amount
effective to prevent the skin rash.

[0011] The invention provides a pharmaceutical composition comprising an amount
of a vitamin K analog effective to treat or prevent a skin rash secondary to an anti-epidermal

. growth factor receptor (EGFR) therapy.
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[0012] | The invention also provides a method for identifying a compound that may be
useful for treating and/or preventing a skin rash secondary to an anti-epidermal growth factor
receptor (EGFR) therapy, the method comprising determining whether the compound
activates any one of EGFR, Akt, and Signal Transducer and Activator of Transcription-3
(STAT-3), wherein activation of EGFR, Akt or Stat-3 by the compound is indicative that the
compound is effective for treating and/or preventing the skin rash.

[0013] The present invention is also directed to a method for treating a skin rash
secondary to an anti-epidermal growth factor receptor (EGFR) therapy in a subject receiving
said therapy, the method comprising applying a phosphatase inhibitor to the skin rash in an
amount effective to treat the skin rash. The invention further provides a method for
preventing a skin rash secondary to an anti-epidermal growth factor receptor (EGFR) therapy
in a subject receiving said therapy, the method comprising applying a phosphatase inhibitor
to the skin in an amount effective to prevent the skin rash.

[0014] The invention also provides a pharmaceutical composition comprising an
amount of a phosphatase inhibitor effective to treat or prevent a skin rash secondary to an
anti-epidermal growth factor receptor (EGFR) therapy.

[0015] The invention also provides a method for treating a skin or mucosal ulceration
in a subject, the method comprising applying to the skin or mucosal ulceration an amount of a
vitamin K analog effective to treat the skin or mucosal ulceration, wherein the vitamin K
analog activates EGFR. The invention further provides a method for treating a skin or
mucosal ulceration in a subject, the method comprising applying to the skin or mucosal
ulceration an amount of a phosphatase inhibitor effective to treat the skin or mucosal

ulceration, wherein the phosphatase inhibitor inhibits dephosphorylation of EGFR.

BRIEF DESCRIPTION OF THE FIGURES
[0016] Figure 1A-1C. Effects of Vitamins K1, K2 and K3 (VK1, VK2, VK3) on the
phosphorylation of EGFR (A), AKT (B) and Stat-3 (C) in human A431 vulvar carcinoma
cells. A431 cells (1x10° cells/well) were plated in a 6-well plate, and incubated in RPMI-
1640 medium with 10% serum overnight. Cells were exposed to the indicated concentrations
of VK1, VK2 and VK3 for 2 hours. Following exposure, cells were washed twice with cold
phosphate buffered saline (PBS) solution, and lysed with 50 ul of lysis buffer. Equal
amounts of lysate (30 pg of protein) were subjected to a 7.5% or a 12% SDS-PAGE. EGFR,
phos-EGFR, AKT, phos-AKT, Stat-3, and phos-Stat-3 were detected by immunoblotting
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analysis using corresponding antibodies. Vitamin K3 stimulated EGFR, Akt and Stat-3.
Vitamin K1 also activated EGFR, whereas Vitamin K2 had little or no effect.

[0017] Figure 2. Vitamin K3 (menadione) prevents the inhibition of EGFR
phosphorylation caused by erlotinib, an EGFR tyrosine kinase inhibitor, in A431 cells. A431
cells (1x10° cells/well) were plated in a 6-well plate and incubated in RPMI-1640 medium
without fetal bovine serum for 24 hours. After starving, cells were exposed to different
concentrations of vitamin K3 alone (0.01-0.5 mM) or with 2 uM erlotinib for 2 hours, or
stimulated with 100 ng/ml of EGF for 5 min. After exposure, cells were washed twice with
cold PBS solution, and lysed with 50 ul of lysis buffer. Equal amounts of lyaste (30 pg of
protein) were subjected to a 7.5% SDS-PAGE. EGFR and phosphorylated EGFR were
detected by immunoblotting analysis using corresponding antibodies. .

[0018] Figure 3. Effect of VK3 (menadione) on erlotinib-induced cell growth
inhibition in A431 cells. Cells were plated in a 96-well plate overnight. Cells were exposed
to different concentrations of erlotinib alone or in combination with 50 uM or 100 uM VK3
(menadione) for 72 hours. After exposure, cells were harvested by trypsinization, and the
cell viability was assessed by cell counting using a hemacytometer. Each point represents the
mean of two independent experiments.

[0019] Figure 4A-4B. VK3-induced phosphorylation of EGFR is reversible in A431
cells. Cells were exposed to 0.1 mM VK3 for 1 hour. Following exposure, cells were washed
three times with cold medium and then reincubated in VK3-free fresh medium with 10% fetal
bovine serum for the indicated times. Cells were harvested and lysed with lysis buffer. Equal
amounts of cell lysate were subjected on 7.5% SDS-PAGE (A). The total EGFR and
phosphorylated EGFR (p-EGFR) were detected by immunoblot analysis using corresponding
antibodies. Control (Con) means cells were not exposed to VK3. The relative p-EGFR was
expressed as the intensity of p-EGFR bands in each time points measured by a laser
densitometry compared with that in control as one (B).

[0020] Figure 5. Vitamin K3 inhibits phosphatase activity. A431 cells were exposed
to 0.1 mM VK3 for 1 hour. After exposure, cells were washed three times with cold medium
and then reincubated in VK3-free medium with 10% fetal bovine serum for the indicated
time. Cells were harvested and cell extracts were prepared for the assay of phosphatase
activity using pNPP (4-nitrophenyl phosphate disodium) as a substrate. Control (Con) means
the phosphatase activity in cells without exposure to VK3. The relative phosphatase activity
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* was expressed as compared with that in control as one. VK3-induced phosphatase inhibition
is reversible following removal of VK3.

[0021] Figure 6. Effect of Vitamin K3 (menadione) on erlotinib-induced inhibition of
EGFR phosphorylation in mouse skin. Vitamin K3 rescues erlotinib-induced inhibition of
EGFR phosphorylation in mouse skin tissue. Mice were administrated P.O. daily 50 mg/kg
of erlotinib; mouse skin was smeared with VK3 15 mM ethanol solution. After treatment, the
mice were sacrificed and skin tissue was taken. 100 mg skin tissue was used for the
preparation of tissue extracts. Equal amounts of skin tissue extracts (80 pg of protein) were
subjected on a 7.5% SDS-PAGE. Total EGFR and p-EGFR were detected by immunoblot
analysis.

[0022] Figure 7. Effect of VK3, Cream B and Cream VK on EGFR phosphorylation
in mouse skin tissue. The mice were smeared with 30 mM or 100 mM VK3 (in ethanol), or
with the same doses of Cream B or Cream VK. Following treatment, mice were sacrificed
and skin tissues were taken for the preparation of tissue extracts. Equal amounts of tissue
extracts (80 pg of protein) were subjected on a 7.5% of SDS-PAGE. Total EGFR and p-
EGFR were detected by immunoblot analysis using polyclonal anti-EGFR and p-EGFR
antibodies. Cream B is an over the counter product (Baby Cakes) containing Vitamin K3
according to its label; the concentration is not specified. Cream VK is a 5% Vitamin K cream
available over the counter. In contrast to 30 mM or 100 mM VK3, the commercial creams do

not show an effect.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention is directed to a method for treating a skin rash
secondary to an anti-epidermal growth factor receptor (EGFR) therapy in a subject receiving
said therapy, the method comprising applying a vitamin K analog to the skin rash in an
amount effective to treat the skin rash.

[0024] As used herein, the term “treat” a skin rash secondary to anti-EGFR therapy
means to reduce or eliminate the skin rash, and/or to decrease or eliminate the increase or
spread of the skin rash on the subject’s skin.

[0025] Subjects receiving anti-EGFR therapy include patieﬁts receiving treatment
with an anti-EGFR antibody such as cetuximab and/or with an EGFR tyrosine kinase

inhibitor such as gefitinib or erlotinib.
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[0026] | As uséd herein, a “vitamin K analog” is a compound selected from the group
consisting of vitamin K1 (2-methyl-3-phytyl-1,4-naphthoquinone), vitamin K2 (2-methyl-3-
hexaprenyl-1,4-naphthoquinone; menaquinone), vitamin K3 (2-methyl-1,4-naphthoquinone;
menadione), vitamin K4 (1,4-diacetoxy-2-methylnaphthalene), vitamin K5 (4-amino-2-
methyl-1-naphthalenol), vitamin K6, vitamin K7 (3-methyl-4-amino-1-naphthol
hydrochloride), menadione diphosphate, menadione sodium bisulfite, and compounds having

the structure:

where R = H or a saturated or unsaturated aliphatic hydrocarbon; and R; and R, = H

or CHa.
[0027] Vitamin K3 and vitamin K1 are preferred vitamin K analogs. Vitamin K3 is

most preferred. Vitamin K3 has the structure:

CH,

[0028] Vitamin K1 has the structure:
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0]
CH4
CH, CHj
CHRCH=C-[-CH,CH,CH,CH-]5-CH,
(0]
[0029] Preferred forms of vitamin K1 are the trans isomer of vitamin K1 or an

admixture of the trans and cis isomers, since the cis isomer has little or no biological activity
(Matschiner et al., 1972).

[0030] Vitamins K1 and K2 occur naturally. Vitamins K3, K4, K5, K6, and K7 are
synthetic analogs. Processes have been described for preparing vitamin K analogs, e.g., U.S.
Patent Nos. 4,374,775, 4,906,411, 5,412,124, 5,637,741, 5,770,774, and 6,579,994, and Sah
(1949-50). Vitamins K1, K2 and K3 are available, e.g., from Sigma-Aldrich.

[0031] The vitamin K analog can activate EGFR, Akt and/or Stat-3. Vitamin K
analogs can be screened to identify those that activate EGFR, Akt and/or Stat-3 using
procedures described in the present application. As used herein, to “activate” EGFR, Akt
and/or Stat-3 means to increase the phosphorylated form of EGFR, Akt and/or Stat-3.

[0032] As used herein to treat a skin rash, the vitamin K analog is topically applied to
the skin. Vitamin K compounds are easily soluble in ethyl alcohol and organic solvents and
can be prepared in formulations for topical use at desired concentrations. The vitamin K
analog may be applied to the skin using, e.g., creams, gels, emulsions, lotions, liquids and/or
liposomes. The formulation can be a formulation that provides sustained-release of the
vitamin K analog. Topical skin formulations can-include, for example, ingredients which
include but are not limited to any of the following: ethyl alcohol, isopropyl alcohol, benzyl
alcohol, cetyl alcohol, stearyl alcohol, lecithin granules, isopropyl palmitate, isopropyl
myristinate, propyl paraben, methyl paraben, a surfactant (e.g., Pluronic F-127 NF), Dowicil
200, mineral oil, natural oil, silicone oil, paraffin, glycerine, stearic acid diester, glycerol .
stearate, stablizers such as cyclodextrin, and ultraviolet (UV) filters.

[0033] Vitamin K analogs can be applied to the skin up to the maximum tolerated
dose, which may vary from subject to subject and depend upon the specific vitamin K analog
used in treatment. The maximum tolerated dose can be readily determined by one skilled in

the art. Preferably, the vitamin K analog is applied to the skin at a concentration of at least
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100 pM or at least 15 ug/ml. Preferably, vitamin K3 is applied at a concentration of 50
pg/ml to 200 pg/ml, more preferably 75 pg/ml to 100 pg/ml. Preferably, vitamin K1 is
applied to the skin at a concentration of at least 450 pg/ml.

[0034] Treatment with the vitamin K analog can start, for example, on the day of
initiation of therapy with an anti-EGFR agent or as soon as a skin rash appears or as
otherwise prescribed by a physician. The vitamin K analog is administered periodically
during the course of therapy with the anti-EGFR agent. The frequency of administration will
vary according to the formulation, for example twice a day, daily or every other day or as
otherwise prescribed by a physician. A sustained release formulation will require less
frequent administration than a formulation that does not provide sustained or slow release of
the vitamin K analog.

[0035] The invention further provides a method for preventing a skin rash secondary
to an anti-epidermal growth factor receptor (EGFR) therapy in a subject receiving said
therapy, the method comprising applying a vitamin K analog to the skin in an amount
effective to prevent the skin rash, as described herein for treatment of a skin rash. Skin rash
secondary to anti-EGFR therapy commonly occurs on the face and trunk. Preferably, the
vitamin K analog is applied to areas of the body where the skin rash typically appears
secondary to anti-EGFR therapy, such as the face and trunk, or to an area of the body where
the subject has experienced a skin rash during prior anti-EGFR therapy. In order to prevent
the skin rash, the vitamin K analog can be applied to the skin starting, for example, on the
day of initiation of therapy with the anti-EGFR agent or as otherwise prescribed by a
physician.

[0036] The invention also provides a pharmaceutical composition comprising an
amount of any of the vitamin K analogs described herein effective to treat and/or prevent a
skin rash secondary to an anti-epidermal growth factor receptor (EGFR) therapy. The
compositions can also include a pharmaceutically acceptable carrier. As used herein, the
term "carrier" encompasses standard pharmaceutical carriers such as ethyl alcohol and
organic solvents. In a preferred embodiment, the pharmaceutical composition is formulated
for topica] administration. The vitamin K analog can be formulated in a sustained release
formulation.

[0037] The invention also provides methods for identifying a compound that may be
useful for treating and/or preventing a skin rash secondary to an anti-epidermal growth factor

receptor (EGFR) therapy, where the method comprises determining whether the compound
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activates any one or more of EGFR, Akt, and Signal Transducer and Activator of
Transcription-3 (STAT-3), wherein activation of EGFR, Akt or Stat-3 by the compound is
indicative that the compound is effective for treating and/or preventing the skin rash.
Activation of EGFR, Akt or Stat-3 can be determined, e.g., by using an antibody that is
specific for the phosphorylated (activated) form of EGFR, Akt or Stat-3. The compound can
be, for example, a vitamin K analog. The compound can inhibit dephosphorylation of EGFR,
Akt or Stat-3. The compound can be a phosphatase inhibitor.

[0038] The present invention is also directed to a method for treating a skin rash
secondary to an anti-epidermal growth factor receptor (EGFR) therapy in a subject receiving
said therapy, the method comprising applying a phosphatase inhibitor to the skin rash in an
amount effective to treat the skin rash. The invention further provides a method for
preventing a skin rash secondary to an anti-epidermal growth factor receptor (EGFR) therapy
in a subject receiving said therapy, the method comprising applying a phosphatase inhibitor
to the skin in an amount effective to prevent the skin rash. Preferably, the phosphatase
inhibitor inhibits dephosphorylation of EGFR. A variety of phosphatase inhibitors have been
described (for example, Bae et al. 2004, Gerling et al. 2004, Lee and Burke 2003, Liem et al.
2004, U.S. Patent Nos. 5,155,031 and 6,428,949 B1, U.S. Patent Application Publication No.
US 2004/0138218 Al). The phosphatase inhibitor may be applied to the skin using, e.g.,
creams, gels, emulsions, lotions, liquids and/or liposomes. The formulation can be a
formulation that provides sustained-release of the phosphatase inhibitor. The phosphatase
inhibitor can be applied to the skin up to the maximum tolerated dose, which may vary from
subject to subject and depend upon the specific phosphatase inhibitor used in treatment. The
maximum tolerated dose can be readily determined by one skilled in the art.

[0039] The invention also provides a pharmaceutical composition comprising an
amount of a phosphatase inhibitor effective to treat or prevent a skin rash secondary to an
anti-epidermal growth factor receptor (EGFR) therapy. Preferably, the phosphatase inhibitor
inhibits dephosphorylation of EGFR. Preferably, the pharmaceutical composition is
formulated for topical administration. The phosphatase inhibitor can be formulated in a
sustained release formulation.

[0040] The invention also provides a method for treating a skin or mucosal ulceration
in a subject, the method comprising applying to the skin or mucosal ulceration an amount of a
vitamin K analog effective to treat the skin or mucosal ulceration, wherein the vitamin K
analog activates EGFR. The invention further provides a method for treating a skin or

mucosal ulceration in a subject, the method comprising applying to the skin or mucosal
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ulceration an amount of a phosphatase inhibitor effective to treat the skin or mucosal
ulceration, wherein the phosphatase inhibitor inhibits dephosphorylation of EGFR. Skin and
mucosal ulcerative conditions include, for example, ulcerative colitis and oral mucosistis,
which can be induced by chemotherapy and/or radiotherapy. For ulcerative colitis, the
vitamin K analog or the phosphatase inhibitor can be administered for example by enema
administration. Local therapies by enema with steroids and other antiinflammatory agents are
currently standard of care for ulcerative colitis. For oral mucosistis, e.g., an adhesive gel or
mouth wash containing the vitamin K analog or the phosphatase inhibitor can be used.

[0041] This invention will be better understood from the Experimental Details which
follow. However, one skilled in the art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as described more fully in the claims

which follow thereafter.

EXPERIMENTAL DETAILS

Materials and Methods

[0042] Two human cell lines that overexpress non-mutated EGFR were used: A431
vulvar carcinoma and HN5 head and neck carcinoma. Cells were exposed to different
concentrations of different vitamin K analogs in the presence of one of three EGFR
inhibitors: the anti-EGFR monoclonal antibody cetuximab (Erbitux®) and the EGFR tyrosine
kinase inhibitors (TKIs) erlotinib (Tarceva®) and gefitinib (Iressa®). Cytotoxicity was
assessed by cell counting. Cells were lysed and the effects of different vitamin K analogs on
activation of EGFR, the kinase Akt, and Signal Transducer and Activator of Transcription-3
(STAT-3) were assessed by western blot analysis using antibodies for the phosphorylated
(activated) forms of EGFR, Akt and Stat-3. Polyclonal antibodies of anti-EGFR, anti-phos-
EGFR (Tyr1068), anti-AKT, anti-phos-AKT (Ser473), anti-Stat-3, and anti-phos-Stat-3 (Tyr-
705) were purchased from Cell Signaling (Beverly, MA). Vitamins K1, K2, and K3 were
purchased from Sigma-Aldrich (St Louis, MO). Activation of EGFR, Akt and Stat-3 were
assessed in the presence and absence of anti-EGFR treatments of the cells. Activation of
EGFR by vitamin K analog was also assessed using mouse skin, which was homogenized and
lysed after treatment with the vitamin K analog. Phosphatase activity was determined using

pNPP (4-nitrophenyl phosphate disodium) as a substrate.
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Results

[0043] The effects of Vitamins K1, K2 and K3 on activating (phosphorylating)
EGFR, Akt and Stat-3 obtained from lysed A431 cells are shown in Figure 1A-1C. Vitamin
K3 activated EGFR and downstream intracellular signaling components Akt and Stat-3.
Effects were clearly seen at a Vitamin K3 concentration of 100 pM, or about 17 pg/ml.
Vitamin K1 was only effective for activating EGFR and Akt at the highest concentration used
(1000 uM or about 450 pg/ml). Vitamin K2 had little or no effect at the concentrations used
(up to 1000 pM). Thus, Vitamin K3 is a much more potent stimulant of EGFR, Art and Stat-
3 than Vitamin K1 or Vitamin K2. Application of Vitamin K3 to normal mouse skin also
activated EGFR.

[0044] Vitamin K3 activation of EGFR, Stat-3 and Akt was tested in the presence of
anti-EGFR treatments. A431 cells or HN5 cells stored in serum free medium were treated
with the EGFR tyrosine kinase inhibitor erlotinib (2 pM) and with Vitamin K3 (0.01 - 0.5
mM). Vitamin K3 activated EGFR (Figure 2) and Stat-3 (at concentrations of 0.1 and 0.5
mM vitamin K3), and Akt (at a concentration of 0.5 mM vitamin K3) in the presence of
erlotinib. Similarly, Vitamin K3 (0.1 and 0.5 mM) also activated EGFR, Stat-3 and Akt in
the presence of the anti-EGFR monoclonal antibody cetuximab. Vitamin K3 also rescues
erlotinib-induced inhibition of EGFR phosphorylation in mouse skin tissue, as shown in
Figure 6.

[0045] Cells were treated with excess EGF to determine if EGF could prevent EGFR
inhibition by different anti-EGFR treatments. EGF was effective in preventing EGFR
inhibition by the anti-EGFR monoclonal antibody cetuximab, which acts at the extracellular
portion of the EGFR. In contrast, treatment of cells with EGF (2 pg/ml) does not prevent
EGFR inhibition by the EGFR tyrosine kinase inhibitér erlotinib, which acts ‘at the
intracellular portion of the EGFR (Figure 2).

[0046] Exposure of human A431 vulvar carcinoma cells to the EGFR tyrosine kinase
inhibitor erlotinib results in cell death. Co-incubation of the cells with Vitamin K3 (50-100
M) decreased the cytotoxicity of the EGFR inhibitor by 4-6 fold. Figure 3 illustrates results
obtained with two different concentrations of Vitamin K3 in rescuing cells treated with
erlotinib. The effects of vitamin K3 are reversible. Figure 4A-4B shows that vitamin K3
induced phosphorylation of EGFR is reversible in A431 cells.

[0047] Vitamin K3 acts at least in part by inhibiting phosphatase activity, as shown in

Figure 5. The effect is reversible 2-3 hours after removal of Vitamin K3.
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[0048] The effect of Vitamin K3 was examined in the skin of animals receiving the
EGFR TK inhibitor erlotinib 100 mg/kg x 10 days (days 1-10). Compared to control skin in
mice not receiving erlotinib, the skin treated with Vitamin K3 in animals receiving erlotinib
showed significant p-EGFR expression, whereas the skin not treated with Vitamin K3 in the
same animals showed downregulation of p-EGFR. (Figure 6). The skin of mice was smeared
with Vitamin K3 in ethanol (15 mM BID x 5 days on days 5 to 10). The effect of Vitamin
K3 was compared to that of two over-the-counter skin creams. Cream B (Baby Cakes) is an
over-the-counter product containing Vitamin K3 according to its label; the concentration is
not specified. Cream VK is a 5% Vitamin K cream available over-the-counter. The effect of
VK3, Cream B and Cream VK on EGFR phosphorylation in mouse skin tissue is shown in
Figure 7. The mice were smeared with Vitamin K3 (in ethanol) 30 mM or 100 mM x 3 doses
every 12 hours, or with the same doses of Cream B or Cream VK. In contrast to 30 mM or

100 mM VK3, which activates EGFR, the commercial creams do not show an effect.

Discussion

[0049] The present application discloses that Vitamin K3 can prevent the EGFR
inhibitory effects of anti-EGFR therapy in tumor cell lines of epithelial origin that
overexpress EGFR. The EGFR axis in these cells is representative of the EGFR axis in skin
keratinocytes. Vitamin K3 had a stimulatory effect on the EGFR intracellular signaling
pathway, which was effective even in the presence of anti-EGFR therapy. Vitamin K3 also
activated EGFR from normal mammalian (mouse) skin. Weaker stimulatory effects on
EGFR were observed with Vitamin K1 but not with Vitamin K2. The present results
demonstrate the unexpected effectiveness of Vitamin K3, in comparison to Vitamin K1 or K2
or to two over-the-counter Vitamin K skin creams, in combating anti-EGFR therapy. The use
of vitamin K3 for treatment aI{d prevention of a skin rash as disclosed in the present
application is counterintuitive in view of previous reports that topical administration of
vitamin K3 causes dermatitis (Page et al., 1942) and vesiculation of the skin (Ulbrich, 1961).
Vitamin K3 was also shown to inhibit cellular phosphatase activity, thus providing for the use
of phosphatase inhibitors for treatment and prevention of skin rash and related skin or

mucosal disorders.
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What is claimed is:

10.

11.

A method for treating a skin rash secondary to an anti-epidermal growth factor
receptor (EGFR) therapy in a subject receiving said therapy, the method comprising
applying a vitamin K analog to the skin rash in an amount effective to treat the skin

rash.

The method of claim 1, wherein the anti-EGFR therapy is treatment with an anti-
EGEFR antibody.

The method of claim 2, wherein the anti-EGFR antibody is cetuximab.

The method of claim 1, wherein the anti-EGFR therapy is treatment with an EGFR

tyrosine kinase inhibitor.

The method of claim 4, wherein the EGFR tyrosine kinase inhibitor is gefitinib or

erlotinib.

The method of claim 1, wherein the vitamin K analog activates EGFR.

The method of claim 1, wherein the vitamin K analog is vitamin K3.

The method of claim 1, wherein the vitamin K analog is vitamin K1.

The method of claim 7, wherein vitamin K3 is applied to the skin at a concentration of

at least 15 pg/ml.

The method of claim 7, wherein vitamin K3 is applied to the skin at a concentration of

75 pg/ml to 100 pg/ml.

The method of claim 8, wherein vitamin K1 is applied to the skin at a concentration of

at least 450 pg/ml.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23,

18
The method of claim 1, wherein the vitamin K analog is formulated in a

pharmaceutical formulation suitable for topical administration.

The method of claim 12, wherein the vitamin K analog is formulated in a sustained

release formulation.

A method for preventing a skin rash secondary to an anti-epidermal growth factor
receptor (EGFR) therapy in a subject receiving said therapy, the method comprising
applying a vitamin K analog to the skin in an amount effective to prevent the skin
rash.

The method of claim 14, wherein the vitamin K analog is applied to the face or trunk.

The method of claim 14, wherein the anti-EGFR therapy is treatment with an anti-
EGFR antibody.

The method of claim 16, wherein the anti-EGFR antibody is cetuximab.

The method of claim 14, wherein the anti-EGFR therapy is treatment with an EGFR

tyrosine kinase inhibitor.

The method of claim 18, wherein the EGFR tyrosine kinase inhibitor is gefitinib or

erlotinib.

The method of claim 14, wherein the vitamin K analog activates EGFR.
The method of claim 14, wherein the vitamin K analog is vitamin K3.
The method of claim 14, wherein the vitamin K analog is vitamin K1.

The method of claim 21, wherein vitamin K3 is applied to the skin at a concentration

of at least 15 pg/ml.



WO 2006/113479 PCT/US2006/014158

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

19
The method of claim 21, wherein vitamin K3 is applied to the skin at a concentration

of 75 pg/mlto 100 pg/ml.

The method of claim 22, wherein vitamin K1 is applied to the skin at a concentration

of at least 450 pg/ml.

The method of claim 14, wherein the vitamin K analog is formulated in a

pharmaceutical formulation suitable for topical administration.

The method of claim 26, wherein the vitamin K analog is formulated in a sustained

release formulation.

A pharmaceutical composition comprising an amount of a vitamin K analog effective
to treat or prevent a skin rash secondary to an anti-epidermal growth factor receptor
(EGFR) therapy.

The pharmaceutical composition of claim 28, wherein the vitamin K analog activates
EGFR.

The pharmaceutical composition of claim 28, wherein the vitamin K analog is vitamin
K3.

The pharmaceutical composition of claim 28, wherein the vitamin K analog is vitamin
K1.

The pharmaceutical composition of claim 30, wherein the concentration of vitamin

K3 is at least 15 pg/ml.

The pharmaceutical composition of claim 30, wherein the concentration of vitamin

K3 is 75 pg/ml to 100 pg/ml.

The pharmaceutical composition of claim 31, wherein the concentration of vitamin

K1 is at least 450 pg/ml. .
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35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

20
The pharmaceutical composition of claim 28 formulated for topical administration.

The pharmaceutical composition of claim 35, wherein the vitamin K analog is

formulated in a sustained release formulation.

A method for identifying a compound that may be useful for treating and/or
preventing a skin rash secondary to an anti-epidermal growth factor receptor (EGFR)
therapy, the method comprising determining whether the compound activates any one
of EGFR, Akt, and Signal Transducer and Activator of Transcription-3 (STAT-3),
wherein activation of EGFR, Akt or Stat-3 by the compound is indicative that the

compound is effective for treating and/or preventing the skin rash.

The method of claim 37, wherein activation of EGFR, Akt or Stat-3 is determined
using an antibody that is specific for the phosphorylated form of EGFR, Akt or Stat-3.

The method of claim 37, wherein the compound is a vitamin K analog.

The method of claim 37, wherein the compound inhibits dephosphorylation of EGFR,
Akt or Stat-3.

The method of claim 37, wherein the compound is a phosphatase inhibitor.

A method for treating a skin or mucosal ulceration in a subject, the method
comprising applying to the skin or mucosal ulceration an amount of a vitamin K
analog effective to treat the skin or mucosal ulceration, wherein the vitamin K analog

activates EGFR.

The method of claim 42, wherein the skin or mucosal ulceration is ulcerative colitis,

chemotherapy-induced oral mucosistis, or radiotherapy-induced oral mucosistis.
The method of claim 42, wherein the vitamin K analog is vitamin K3.

The method of claim 42, wherein the vitamin K analog is vitamin K1.



WO 2006/113479 PCT/US2006/014158

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

21

The method of claim 44, wherein vitamin K3 is applied to the skin or mucosal

ulceration at a concentration of at least 15 pg/ml.

The method of claim 44, wherein vitamin K3 is applied to the skin or mucosal

ulceration at a concentration of 75 pg/ml to 100 pg/ml.

The method of claim 45, wherein vitamin K1 is applied to the skin or mucosal

ulceration at a concentration of at least 450 pg/ml.

A method for treating a skin rash secondary to an anti-epidermal growth factor
receptor (EGFR) therapy in a subject receiving said therapy, the method comprising
applying a phosphatase inhibitor to the skin rash in an amount effective to treat the

skin rash.

The method of claim 49, wherein the phosphatase inhibitor inhibits dephosphorylation
of EGFR.

The method of claim 49, wherein the anti-EGFR therapy is treatment with an anti-
EGFR antibody.

The method of claim 51, wherein the anti-EGFR antibody is cetuximab.

The method of claim 49, wherein the anti-EGFR therapy is treatment with an EGFR

tyrosine kinase inhibitor.

The method of claim 53, wherein the EGFR tyrosine kinase inhibitor is gefitinib or

erlotinib.

The method of claim 49, wherein the phosphatase inhibitor is formulated in a

pharmaceutical formulation suitable for topical administration.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

22
The method of claim 55, wherein the phosphatase inhibitor is formulated in a

sustained release formulation.

A method for preventing a skin rash secondary to an anti-epidermal growth factor
receptor (EGFR) therapy in a subject receiving said therapy, the method comprising
applying a phosphatase inhibitor to the skin in an amount effective to prevent the skin

rash.

The method of claim 57, wherein the phosphatase inhibitor is applied to the face or

trunk.

The method of claim 57, wherein the phosphatase inhibitor inhibits dephosphorylation
of EGFR.

The method of claim 57, wherein the anti-EGFR therapy is treatment with an anti-
EGFR antibody.

The method of claim 60, wherein the anti-EGFR antibody is cetuximab.

The method of claim 57, wherein the anti-EGFR therapy is treatment with an EGFR

tyrosine kinase inhibitor.

The method of claim 62, wherein the EGFR tyrosine kinase inhibitor is gefitinib or

erlotinib.

The method of claim 57, wherein the vitamin K analog is formulated in a

pharmaceutical formulation suitable for topical administration.

The method of claim 64, wherein the phosphatase inhibitor is formulated in a

sustained release formulation.

A pharmaceutical composition comprising an amount of a phosphatase inhibitor
effective to treat or prevent a skin rash secondary to an anti-epidermal growth factor

receptor (EGFR) therapy.



WO 2006/113479 PCT/US2006/014158
23

67.  The pharmaceutical composition of claim 66, wherein the phosphatase inhibitor
inhibits dephosphorylation of EGFR.

68.  The pharmaceutical composition of claim 66 formulated for topical administration.

69.  The pharmaceutical composition of claim 68, wherein the phosphatase inhibitor is

formulated in a sustained release formulation.

70. A method for treating a skin or mucosal ulceration in a subject, the method
comprising applying to the skin or mucosal ulceration an amount of a phosphatase
inhibitor effective to treat the skin or mucosal ulceration, wherein the phosphatase

inhibitor inhibits dephosphorylation of EGFR.

71.  The method of claim 70, wherein the skin or mucosal ulceration is ulcerative colitis,

chemotherapy-induced oral mucosistis, or radiotherapy-induced oral mucosistis.
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