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COMPOSITIONS AND METHODS FOR TREATING SOLID CANCER

BACKGROUND

[0001] The present disclosure generally relates to compositions and methods for
freating solid cancer. Specifically, the disciosure provides compositions comprising
haloperoxidases, and methods comprising adminisiering such compositions, for freating

solid cancer.

[0002] There is no doubl that cancer is and will remain a major impact on society,
giobally. According o the current statistics produced by the Uniled States National
institutes of Health, in 2020, an sstimated 1,808,580 new cases of cancer will be
diagnosed in the United States and 806,520 people will die from the disease

{https:/Awww. cancer.gov/about-cancer/understanding/statistics).

[0003] Cancer is a disease that is characterized by uncontrolled call growth, almost
anywhere in the body. Tumer formation is where uncontrolied cell growth occurs in solid
fissue such as an organ, muscle, or bone. To this point, a large portion of the most
common cancers are solid, tumor-forming cancers such as breast cancer, lung and
bronchus cancer, prostate cancer, colon and rectum cancer, melanoma of the skin,
bladder cancer, Kidney and renal pelvis cancer, endomelrial cancer, pancreatic cancer,
thyroid cancer, and liver cancer. Solid cancers include various cancers other than

hematological cancers {lymphoma, leukemia, and multiple myeioma eic).

[0004] While rates of cancer survival are increasing through the development of
improved therapies, the cancer mortalily rate remains high - 158.3 deaths per 100,000
men and women per year in the United States (based on 20132017 deaths). Improved
cancer therapies are therefore the subject of ongoing research and development by the

scientific community.

[0005] For most solid cancers, abnormal tissue is biopsied for diagnosis. Surgery to
reduce the size of, or eradicate a cancer, (commonly referred 1o as debulking} may be a
therapeutic opticn.  Debulking may also increase the effectivensss of subsequently
administered anticancer therapies, such as immunoctherapy, chemotherapy and/or
radiotherapy. However, surgical intervention in cancer therapy (whether by biopsy or
debutking) is not without risk.  In addition to reproducing uncontroilably, cancer celis lose
cohesiveneass and organization of normal lissue, and may detach from a primary tumor

during bicpsy or surgery o fravel elsewhere in the body via the circulatory and lymphatic
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systems. Cancer spread (i.e. metastases) during biopsy or surgical intervention therefore

presents a significant risk {0 a cancer patient.

[0006] Some solid cancers, such as bladder, brain or spinal cord cancer, are difficuit
to biopsy and/or treat (surgically or non-surgically) through inaccessibility 1o the site of
cancer growth.  Accordingly, such cancers may resull in high incidences of patient

mortality.

[0007] There is a need o minimize solid cancer melastasis during biopsy or surgery,

and/or to improve treatment of 'hard-to-reach’ solid cancers.

SUMMARY

[0008] This summary is provided {o introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not
intended o identify key features of the claimed subject matier, noris it intended to be used

as an aid in determining the scope of the claimad subiect matter,

[0009] The present disclosure is predicated on the surprising and unexpecied finding

that haloperoxidase-containing compaositions exhibit anticancer properties.

[0010] According 1o one aspect of the disclosure, there is provided a method of
freating a solid cancer comprising adminisiering an effective amount of a pharmaceutical

compaosition comprising a haloperoxidase.

[0011] in ancther aspect, the disclosure provides a method of treating a solid cancer
in a patient, said methed consisting of administering to said patient an effective amount of
a haloperoxidase, and optionally one or more of. g halide, a peroxide or peroxide
producing oxidase, a substrate for said oxidase, and a pharmaceutically accepiable

carrier.

[0012] In yet another aspect, the disclosure provides a combination for treating a solid
cancer in a patient, said combination comprising a haloperoxidase, and at leastone of a

halide, and peroxide or a peroxide producing oxidase.

[0013] In yet another aspect, the disclosure provides a combination for treating a solid
tumor in a patient, said combination consisting of a haloperoxidase, a halide, and peroxide
or a peroxide producing oxidase, and optionally a subsirate for said oxidase, and a

pharmaceutically acceptable carrier.
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[0014] In yet ancther aspect, the disclosure provides a composition for treating a solid
cancer in a patient, said composition comprising a haloperoxidase, and optionally one or
more of. a halide, peroxide or a peroxide producing oxidase, a substrate for said oxidase,

and a pharmaceutically acceptable carrier.

[0015] In yet another aspect, the disclosure provides a composition for treating a solid
cancer in a patient, said composition consisting of a haloperoxidase, and optionally one or
more of a halide, peroxide or a peroxide producing oxidase, a subsirate for said oxidase,

and a pharmaceutically acceptable carrier.

[0016] In embodiments, the haloperoxidase is selected from a group consisting of:
myeloperoxidase (MPQO), eosinophil peroxidase (EPQ), lacloperoxidase (LPO),
chioroperoxidase (CPO), functional derivatives thereof, and combinations thereof. Most

preferably, the haloperoxidase is EPC.

[0017] in embodiments, the haloperoxidase catalyzes halide oxidation and
disproportionation of peroxide vielding singlet molecular oxygen resuiting in one or mors
of: inhibition of cancer cell growth, inhibition of cancel cell metastases, and/or cancer cell
death.

[0018] In embodiments, the solid cancer is selected from the group consisting of:
breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum cancer,
melanoma of the skin, bladder cancer, kidney and renal pelvis cancer, endometrial cancer,

pancreatic cancer, thyroid cancer, liver cancer, brain cancer and spinal cord cancer.

[0019] Other embodiments of the invention will be evident from the foliowing detailed

description of various aspects of the invention

DETAILED DESCRIPTION

Definitions

[0020] The terms “a,” "an,” “the” and similar referents used in the context of describing
inventive concepts {(especially in the context of the following claims) are o be construed
to cover both the singular and the plural, unless otherwise indicated herein or cleary

contradicted by context.
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[0021] All methods described herein can be performed in any suitable order unless

otherwise indicated herein or otherwise clearly contradicted by context.

[0022] The use of any and all examples, or exemplary language {e.g., “such as”)
provided herein is intended merely to provide better ilumination and does not pose a
fimitation on the scope of the disclosure. No language in the specification should be

consirued as indicating any non-claimed element is essential.

[0023] Except where otherwise indicated, ali numbers expressing gquantities of
ingredients, reaction conditions, and so forth used in the specification and claims are to
be undersicod as being modified in all instances by the term ‘about’. Accordingly, unless
indicated io the contrary, the numerical parameters set forth in the foliowing specification
and atfached claims are approximations that may vary depending upon the desired
properties sought {0 be obtained by the present disclosure. At the very least, each
numerical parameter should be construed in light of the number of significant digits and
ordinary rounding conventions. The term "about” may be undersiood {o refer 1o a rangs

of +/- 10%, such as +/- 5% or +/~ 1% or, +/- 0.1%.

[0024] Recitation of ranges of values herein is mersly intended o serve as a
shorthand method of referring individually to gach separate value falling within the range.
Unless otherwise indicated herein, each individual value is incorporated into the
specification as if it were individually recited herein. For example, if a range is from abouwt
1 1o about 50, it is deemed o include, for example, 1, 7, 34, 48.1, 23.7, or any other value

or range within the range.

[0025] The terms “protein” and “polypeptide” are used interchangeability herein. The
3-letter code for amince acids as defined in conformily with the IUPAC-UB Joint
Commission on Biochemical Nomenciature is used throughout this disclosure. |t is also
understood that a polypeptide may be coded for by more than one nuclectide sequence

due io the degeneracy of the genetic code.

[0026] Reference is made herein o “"enzymes”, such as haloperoxidase or glucose
oxidase. In the present context, an enzyme is a8 protein/polypeptide which acls as a
catalyst to bring about a specific biochemical reaction.  Included within the scope of
enzymeas of the present disclosure include those isolated from a natural source having the
unmodified amino acid seguence identical to that found in nature, as well as "funclional

derivatives” thersof.
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[0027] The term "haloperoxidase” refers {0 an enzyme which catalyzes the hydrogen
peroxide dependent oxidation of halide generating hypohalous acid; this hypohalous acid
can react with an additional hydrogen peroxide to generate singlet molecular oxygen. A
haloperoxidase according to the present disclosure may be also referred 10 as @
halide: hydrogen peroxide oxidoreductase {g.q., EC No. 1.11.1.7 and EC No. 1.11.1.10
under the International Union of Biochemistry) for which halide, e.4g., chioride or bromide,
is the elsctron donor or reductant and peroxide is the electron receiver or oxidant. Suitable
haloperoxidases, include myesloperoxidase (MPQC), eosinophil peroxidase (EPO),
lactoperoxidase (LFPQO), chioroperoxidase (CPQ), functional derivatives thereof and
combinations thereof. The haloperoxidase may be derived from any source, including

human and non-human animals.

[0028] A “derivative” of an enzyme of the disclosure generally retains the characteristic
enzymatic activity chserved in the wild-lype, native or parent form to the exient that the

derivative is effective for similar purposes as the wiid-type, native or parent form.

[0029] The term "functional fragment” or “functional derivative” when used in the
cortact of enzymes of the disclosure encompasses naturally cccurring, synthetically or
recombinantly produced nucleic acids or fragments and encode enzymes having the
functional characteristics of the native, unmodified parent enzyme present disclosure. A
“functional derivative” may include a "substituted variant” which is a variant in which at
feast one aming acid residue in a native sequence has been removed and inserted into
the same position by a different amino acid. The substitulion may be single, whersin only
one amino acid in the molecule is substituted; or there may be multiple, wherein the same
molecule has two or more amino acids substituted. Multiple substitutions can be localed
at successive sifes. Likewise, an amino acid can be substituted with multiple residues,
including substitutions and insertions. An "insertion variant” is a variant in which one or
more amine acids are inserted info an aming acid immediately adjacent o a particular
position in a native sequence. immediately adjacent to the amino acid means atlached via
an alpha-carboxy or alpha-amino functional group of the aminoe acid. A "deleted variant”
is a variant in which one of more amino acids in the native amino acid sequence are
removed. Typically, a deleted variant has one or two amino acids deleted in a particular

region of iis molecule.

[0030] The term “isolated” or "purified” refers 10 a material that is removed from its

original enwvironment {e.g. the natural environment, if it is naturally cccurring).  For
5
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example, the material is said {o be "purified” when it is present in a particular composition
in a higher concentration than exists in a naturally cccurring or wild type organism or in
combination with components not normally present upon expression from a naturally
ocourring or wild type organism. For example, a naturally-occurring protein/polypeptide
present in a living organism is not iscolated, but the same protein/polypeptide, separated
from some or all of the coexisling materials in the natural system, is isclated. Such
proteins/polypeptides could, for example, be part of a composition, and still be isolated in

that such a composition is not part of the natural environment of the proteins/polypeptides.

[0031] The term "pharmaceutically acceptable” as used herein refers to substances
that do not cause substantial adverse allergic or immunological reactions when
administered o a patient. A "pharmaceutically acceptable carrier” includes, but is not
fimited to, solvents, coatings, dispersion agents, welling agents, isotonic and absorption

delaying agenis and disintegrants.

[0032] As used herein, "treatl”, "tregting” or "reatment” of a disease, condilion or
disorder means accomplishing one or more of the following: (&) reducing the severity
and/or duration; (b} limiting or preventing development of characteristic symploms,; (¢}
inhibiting worsening of symptoms; {d) limiting or preventing recurrence; and (&) limiting or
preventing recurrence of symptoms.  That is, the terms include both prophylactic or
preventive treatment (that prevent and/or slow the development of a targeted pathologic
disease, condition or disorder) and curative, therapeutic or disease-modifving freatment,
including therapeutic measures that cure, slow down, lessen sympioms of, and/or halt
progression of a disease, condition or disorder; and freatment of a patient at rigsk of
contracting a disease or suspecied to have contracied a disease, as well as a patient who
is ili or has been diagnosed as suffering from a disease, condition or disorder. The terms
do not necessarily imply that a patient is treated until tolal recovery. The ferms may also
refer 1o the maintenance and/or promotion of health in an individual not suffering from a
disease but who may be susceptible to the development of an unhealthy condition. The
terms may also include the potentiation or otherwise enhancement of one or more primary
prophylactic or therapeutic measures. As non-limiting examples, a reatment can be

performed by a patient, a caregiver, a doctor, a nurse, or ancther heglthcare professional.

[0033] As used herein, "prevent”, "preventing”, "prevention”, or "prophylaxis” of g
disease or disorder means preventing that a disorder occurs in patient.  “Prevention”

includes reduction of risk, incidence and/or severity of a disease, condition or disorder.
o)
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[0034] As used herein, the expressions "is for administration” and "is t© be
adminisiered” have the same meaning as "is prepared {0 be administered”. In other words,
the statement that an active compound "is for administration” has © be understood in that
said active compound has been formulated and made up info doses so that said active

compound is in a state capable of exerting its therapeutic aclivity.

[0035] The terms “effective amount” or "therapeutic amount” are intended to mean
that amount of a subsiance that will elicit the biological or medical response of a tissue, a
system, animal or human that is being sought by a researcher, veterinarian, medical doctor
or other cliniclan. The term "prophylactically effective amount” is intended to mean that
amount of a pharmaceutical drug that will prevent or reduce the risk of cccurrence of the
biclogical or medical event that is sought to be prevented in a tissue, a system, animal or

human by a researcher, veterinarian, madical doctor or other clinician.

non non "8

[0036] The terms "comprise”, "comprises”, "comprised” or "comprising”, "including” or

"having” and the like in the present specification and claims are used in an inclusive sense,
that is {0 specify the presence of the stated features bul not preciude the presence of

additional or further features.

[0037] Specific embodiments disclosed herein may be further limited in the claims
using consisting of or consisting essentially of language. When used in the ciaims,
whether as filed or added per amendment, the transition term “consisting of” excludes any
element, step, or ingredient not specified in the claims. The transition term “consisting
assentially of” limits the scope of a claim to the specified materials or steps and those that
do not materiaily affect the basic and novel characteristic{s). Embodimenis of the

disclosure so claimed are inherently or expressly described and enabled herein.

Haloperoxidase-Containing Compositions.

[0038] Haloperoxidases are widespread in nature being produced by mammals,
plants, algae, lichen, bacteria, and fungi PCT/US1992/001237 discloses thal
haloperoxidases can be used as an antimicrobial agents (effective particularly against
bacteria and fungi) as they selectively bind {0 target microbes and in the presence of
peroxide and halide inhibiting targetl microbe growth. Using limited concentrations of
haloperoxidase with selective binding can inhibit target microbes without eliminating
desirable microbes or causing significant damage to host cells. The selective nature of
7
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haloperoxidase binding makes them useful in therapeutic or prophylactic antimicrobial

treatment of human or non-human patients.

[0039] The present disclosure is predicated on the surprising and unexpecied finding
that haloperoxidase-containing compositions exhibit anticancer properties. in one aspect,
the disclosure provides methods for freating solid cancer by contacting the cancer with a
composition comprising a haloperoxidase. In anocther aspeci, the disclosure provides
compositions for freating solid cancer, said compositions comprising a haloperoxidase. In
vet another aspect, the disclosure provides a combination for treating & solid cancer, said
combination comprising a halopsroxidase, and at least one of a halide, and peroxide or a

peroxide producing oxidase.

[0040] In some embodiments, the haloperoxidase calalyzes halide oxidation and
disproportionation of peroxide to singlet molecular oxygen ireating said cancer by
inhibiting cancer cell growth, metastases and/or by cancer cell killing. In embodiments,
suitable haloperoxidases according to the present disclosure include eosinophil
peroxidase (ERQ), myeloperoxidase (MPQO), lactoperoxidase {LPQ), chioroperoxidase

(CPQO), functional derivatives thereof and combinations thergof.

[0041] in other embodiments, the method of treatment of the present disclosure further
comprises administering an effective amount of peroxide or a peroxide-producing oxidase.
A substrate for the oxidase may be optionally adminisiered. Preferably, the peroxide-
producing oxidase is glucose oxidase and the subsirate is glucose.  in further
embodiments, the method further comprises administering the haloperoxidase with a

halide, preferably a chioride or bromide.

[0042] in yet other embodiments, the haloperoxidase is adminisiered in a first
composition together with at ieast one further composition comprising one or more of. a
halide, peroxide or a peroxide-producing oxidase plus a subsirale for the peroxide-
producing oxidase. Alternatively, the haloperoxidase may be formulated in a composition
for administration, said composition alse comprising one or more of a halide, peroxide or

a peroxide-producing oxidase, and a subsirate for the peroxide-producing oxidasse.

[0043] in particular embodiments, eosinophil peroxidase (EFQ) and myeloperoxidase
(MPQO) are preferred haloperoxidases for use in the present compositions, combinations
and treatment methods. In further embodiments, MPO and EPQ are porcine derived.

Preferably, the purified haloperoxidases, porcine MPQO and EPO, are those produced by
8
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Exoxemis, Inc. The porcine MPO is preferably 898.9% pure by ullraperformance liquid
chromatography (RP-UPLC) and 100% pure by molecular size exclusion high-
performance liquid chromatography (SEC-HPLC). The guaiacol unit (GU) activity of the
porcine MPQO is preferably 404G U/mg; 1.0GU of activity consumes 1.0 umol HGCo/minute.

[0044] Porcine EFC is preferably 88.2% pure by reversed-phase high-performance
iguid chromatography. The gualacol unit (GU) activity of the porcine EPO is preferably
80GU/mg.

[0045] MPQ and EFO are both cationic proteins. Without being bound by theory, itis
believed that the cationic nature of such haloperoxidases makes them particularly
adherent 1o the anionic surface of cancer cells resulting from the Warburg effect (a form
of modified cellular metabolism found in cancer cells). Thus, the anticancer effect resulls
from the electrostatic attraction and binding of the haloperoxidase to the anionic surface

of cancer cells, but not to the neutrally-charged surface of normal cells.

[0046] Haloperoxidases may differ in their physical properties and optimal conditions
for enzymic activity (e.q. see USE782458). For example, MPO is around 150 kDa and is
active at acidic pH (4.0 - 8.5}, whereas EFQ is around 70kDa and active af acidic to nsutral
pH (i.e. 8.5-7.4). Notwithslanding the above surprising and unexpected finding that
haloperoxidases have anticancer potential, in embodiments, compositions of the present
disclosure may comprise one or more haloperoxidase where the characteristics of the
haloperoxidase may be aligned with the conditions of the site of cancer treatment. In
embodiments, the choice of haloperoxidase is determined by the pH at the siie of
treatment.  In other embodiments, the choice of haloperoxidase is determiined by

accessibility 1o the site of reatment.

[0047] Effective amounts of haloperoxidase emploved in the compoesitions,
combinations or treatment methods of the disclosure may vary widely depending on
conditions under which the compositions are employed, the environment of use and the
desirad resull. in some embodiments, the compositions of the disclosure will comprise
from about 1 to about 100,000 ug/mi of haloperoxidase, more preferably from about 5 o
about 50,000 ug/mi, and even more preferably from about 10 to about 5,000 ug/mi

haloperoxidase.

[0048] Peroxide-producing oxidases effective in the present disclosure include, for

example, oxidases, such as glucose oxidase, cholesterol oxidase and galactose oxidase.

9
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As a representative example, when the oxidase is glucose oxidase and its subsirate is
glucose, the compositions of the present disclosure may comprise from about 0.05 o
about 3,000 U/mi, more preferably from about 0.1 to about 1,000 U/mi, and sven more
preferably from about 1 {o about 500 Uimi of glucose oxidase, and from about 0.1 {o about

100 mM, more preferably from about 0.5 to aboul 80 mM, and even more preferably from

about 1o about 50 mM glucose. Preferably, the glucose oxidase as used in compositions

[0049] As noted above, haloperoxidases useful in the compositions, combinations or
treatment methods of the present disclosure, i not used in combination with a peroxide-
producing oxidase, may be administered in combination with peroxide. Administration of
peroxide, as with a peroxide-producing oxidase, may be simultanecusly or sequentially to
the adminisiration of the haloperoxidase. In embodiments, peroxide may be adminisiered
to a site of treatment at a concentration including, but not limited to, abowt 1 uM {o about
100 mM, preferably about 1 mM to about 50 mM, more preferably about 8 mM
Administration may depend on accessibility to the site of reatment. In emboediments, a
bolus of peroxide of between about 1 mi to 1000 mi, preferably 100 mi {o 800 mi, most

preferably 500 mi may be administered.

[0050] In some embodiments, the haloperoxidase may optionally be supplied to a site
of treatment with at least two amino acids, preferably at least three amino acids, selected
from the group consisting of glvcine, L-alanine, D-alanine, L-alanine anhydride, L-
givtamine, L-glutamic acid, givcine anhydride, hippuric acid, L-histidine, L-leucine, [-
leucine, L-isoleucine, D-isoleucine, L-lysine, L-ornithing, D-phenylalanine, L-

phenylalanineg, L-proline, L-hydroxyproling, L-sering, taurine, L-threonine, D-threoning, L-
tyrosine, L-valine, D-valine, beta amino acids, such as beta alanine, L-bela-
homoleucine, D-beta-homoleucine, 3-amincbwancic acid, L-2,3-diaminopropionic acid
monchydrochioride, D-2 3-diaminopropionic acid monchydrochioride, L-3-
aminoisobutyric acid, D-3-aminoisobutyric acid, ethyl 3-aminobutyrate, sarcosing methyl
ester hydrochioride and nipecotic acid, or an alkyl ester or pharmaceutically accepiable

salt thereof. In a particular embodiment, the haloperoxidase may be formulated togsther

10
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with the amino acids, or alternatively the amino acids may be supplied as a separale
composition for premixing before administration, or simultaneocus or concurrent

administration.

[0051] Effective amounts of the amine acids which may be optionally emploved in the
compositions/combinations of the disclosure will vary depending on the amount of
haloperoxidase in the compositions/combinations and condilions present in the
environment of use. In an example, the compositions may generally comprise from about
0.1 to about 500 mM, more preferably from about 0.2 to about 100 mM, and even more

preferably from about 0.3 {0 about 50 mM of each of the amine acids of the disclosure.

[0052] The compositions/combinations of the present disclosure may optionally
comprise a halide. When the halide is chioride, the amount of chioride used in the
compositions of the present disclosure will preferably fall in the range of about 10 umol
chicride to about 200 pmol per mi of solution (L.e., 10 to 200 mEg chioride/L) chioride. The
physiclogic concentration of chioride in plasma is about 105 mEg/L. When included, the
compositions of the present disclosure may comprise from aboul 0.5 pumol bromide to
about 20 umol bromide permi (e, 0.5 10 20 mEqg bromide/L) of liquid composition, more
preferably from about 1 umol bromide to about 10 umol bromide permi (i.e., 110 10 mEg
bromide/L}) of hiquid composition, and most preferably from about 100 nmol bromide to

about 1 umol bromide per mi of liquid composition.

[0053] The compositions/combinations may optionally comprise a pharmaceutically
acceptable carrier. In some embodiments, the compositions may be conveniently
provided in a liquid carrier. Any liquid carrier may be generally used for this purpose,
provided that the carrier does not significantly interfere with the selective binding
capablliies of the myeloperoxidase or with enzyme activity.  Allermnatively, the

compositions may be provided in solid form with activation on solubilization in liquid.

[0054] in embodiments of compositions or combinations of the present disclosure that
include a substrate for the peroxide-producing oxidase, the haloperoxidase lends iiself {o
construction as a binary formulgtion in which the composition's acltive agents are
formulated in two separate parts for consolidation at the time of use. For example, the
first composition of the binary formulation may comprise a solution containing both the
haloperoxidase and the oxidase. In some embodiments, the first composition may

optionally comprise two or three amine acids. In some embodiments, the three amine

11
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acids are glycine, lalanine and l-proline.  The second composition of the binary
formulation may comprise a substrate for the oxidase, e.q., glucose (l.e., dexirose) in the
case of glucose oxidase. The substrate may be provided, for example, in the form of a
solid wafer. In some embodiments, the haloperoxidase composition may additionally
comprise aicohol in order o facilitaie oxidase substrale solubilization and utilization by the

oxidase.

[0055] in one embodiment, the methods of the present disclosure comprise
administering o a site, prophylactically or therapeutically, a combination of compaositions.
For example, a first composition comprising haloperoxidase and a peroxide-producing
oxidase may be adminisiered {optionally comprising at least two amino acids). A second
composition comprising a substrate for the oxidase may be separate. in some
embodiments, the first composition and the second composition are mixed before
administration {o the site of infection. In some embodiments the first composition and the
second composition are administered concurrently to the site. in some embodimenis the
first composition and the second composition are administered sequentially to the site.

The first composition and the second compaosition may be administered in any order.

[0056] As an illustrative example, a composition of the present disclosure suitable for
use as anticancer treatment may comprise from about 1 to 50,000 ug/ml haloperoxidase,
from 0.01 to 500 units of giucose oxidase, and optionally: from 0.1 to 500 umolimlb {i.e.,
from Q.1 to 500 mM) of glycine, from 0.1 1o 500 umol/mL (i.e., from 0.1 {0 500 mM) of D-
isoleucine, from (0 to 100 umol/ml (.e., from O to 100 mM) of L-alaning, and from 50 to
500 mEg/L of chioride. The above composition may be combined with from 1 to 500

umol/mb {i.e., from 1 to 500 mM) of glucose or dextrose.

Treatable cancers

[0057] The cancers targeted by the present invention are solid cancers and include
various cancers other than hematological cancers {malignant lymphoma, ieukemia,
multiple myeioma etc). Typical examples of a solid cancer include lung cancer, breast
cancer, stomach cancer, liver cancer, colon cancer, tongue cancer, thyroid cancer, kidney
cancer, prosiate cancer, ulering cancer, cervical cancer, and ovary. Preferred specific

examples of the solid cancer include, for example, bladder cancer, colon cancer, ung
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cancer, pancreatic cancer, kidney cancer, or breast cancer. A solid cancer may also

include melanoma or glioma, but is not limited thersto.

[0058] in the context of non-surgical anticancer freatment, such as iopical
applications, anticancer compositions of the present disclosure can be administered in any
effective pharmaceutically acceptable form o warm blooded animals, including human
and non-human animal patients.  In this context, compositions of the disclosure may be
administered at any mucosal or epithelial surface. For example, the compositions of the
disclosure may be administered in lopical, lavage, oral, vaginal or recial suppository
dosage forms, as a topical, buccal, nasal spray, aerosol for inhalation or in any other

manner affective.

[0059] For topical applications, the pharmaceutically acceptable carrier may iake the
form of liquids, creams, foams, Iotions, cintments, suspensions, suppositories or gels, and
may additionally comprise agueous or organic scolvents, buffering agents, emulsifiers,
gelling agents, moisturizers, stabilizers, surfacianis, wetling agents, preservatives, time
release agenis, and minor amounis of humectants, sequastering agenis, dyes, perfumes,
and other components commonly emploved in pharmaceutical compositions for topical
administration. In addition, the compositions of the present disclosure may be

impregnated in dressings or coverings for application to a patient.

[0060] In the context of more invasive anticancer reatment, such as tumor debulking
{size reduction or elimination by excision} by surgery, anticancer compositions of the
present disclosure may be administered extratumorally or intratumoraily, or a combination
thersof. For example, an sxtratumoral reatment may comprise applying to the surgical
site, andfor an area surrounding a surgical site, a composition/combination of the present
disclosure. Inthis context, haloperoxidase may be administered in solution or in any other

dosage form, such as a subcutaneous injection or deposit.

[0061] Intratumoral freatment may comprise direct injection into a tumor or a blood

vessel supplving a tumor a composition/combination of the present disclosurs.

[0062] In either non-surgical or surgical anticancer freatment using compositions,
combinations or methods of the present disclosure, a patient in nead may be reated with
a further anticancer therapy, such as an immunoctherapy, chemotherapy and/or

radiotherapy. The further anticancer therapy may be administerad (o the patient prior,
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concurrently or post treatment with the compositions/combinations of the present

disclosure.

[0063] Further, & person skilled in the art will recognize that administration of
haloperoxidase in compositions, combinations or methods of the present disclosure, will
provide microbicidal benefits at the site of treatment, in addition to anticancer benefits.
The choice of whether 1o administer, for example, aclivated haloperoxidase, or a
combination of inactive haloperoxidase and peroxide producing oxidase, halide and
subsirate for the oxidase, will be within the remit of the person skilled in the art and may
depend on numercus factors including the type and site of cancer treatment, and/or the

degree of control of haloperoxidase activity required.

[0064] Further examples of the invention are described below. However, it should be
noted that the invention should not be limiled to these examples, and that the invention is
susceptible o variations, modifications and/or additions other than those specifically
described, and it is 10 be undersiood that the invention includes all such variations,

modifications and/or additions which fall within the scope of the claims.

EXAMPLES

Example 1 - in vivo tumor reduction activity of porcine eosinophil peroxidase
{PEPQO)

[0065] An experiment was performed o determine the fumor reduction activity of

porcine eosinophil peroxidase {(pEPQ) in a mouse subculaneous xenograft.

Materials

Tumor Cell Line Description

[0066] HT-1080 celis (Cat #CCL-121) purchased from American Type Culture
Collection (ATCC) were used for the experiments. The cells were grown in complete media
as described below. Cells were sesded in cell culture flasks and incubated at 37°C in a
fully-humidified atmosphere with 5% CO.. Once the cells reached confluence, they were

propagated and /or preserved as described below:
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[0067] Cell Propagation and Preservation Procedure: performed according to

standard methods:
e Subculturing Ratio: 11410 1.8
s  Medium Renewal 2 to 3 times per week

¢ Propagation Procedure: Removed medium and washed twice with D-FBS (1X).
Added 1X trypsin solution and allowed the flask to sif at room temperature (RT) or
at 37°C until the celis detached. Added fresh medium, aspirated and dispense into

new flasks. Record the number of passages.

e Preservation Procedure: Froze the celis in 95% complete growth medium
supplemented by 5% DMSO. The first medium to be used after thawing the celis
was Eagle’s MEM that was supplemented by adeguate concentrations of glucose

{4500 mg/t D-ghucoss).

e Passaging Procedure: Removed medium and washed twice with D-PBS {(1X).
Added 1X trypsin solution and allowed the flask to sif at room temperature (RT) or
at 37°C until the celis detached. Added fresh medium, aspirated and dispense into

new flasks. Record the number of passages.

¢ Final Harvest Procedure: 6x T-150 flasks were harvested by removing the medium
and washing once with 1X D-PBS. Added 1X trypsin solution and allowed flasks to
sit at room temperature (RT) until cells detached. Quenched the trypsin using
culture media (with bovine serum) and spun cells at 1000 rpm for 10 min. Washed
twice with 1X D-PBS and resuspended the peliet in 1X D-PBS to a concentration
of 52x10° celis/mi D-PBS.

[0068] HT-1080 cell line propagation, harvest and viabilily assessment was performed

prior o injection into animals revesling the following:
1. Total cell counts: 78 x 10° celis
2. Cell viability prior to injection: 98 %

3. Viable cells/mbL: 51x10° viable cells/mi
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Tumors

[0069] For the subcutaneous (8C) tumor growing model, a dose of 51 x 10¢
celis/mouse was injected 3C into the right flank of each mouse in a 100 yl volume on study

day 1.

[0070] Tumor growth was foliowed fwice a week by caliper measuramants t©
determine the three parameters of length, width and height. Tumor volume was calcuiated

according to the formula for an ellipsoid:
4/3  x {La/2) x (Wa/2) x (Ha/2)

[0071] La, Wa, and Ha, are the length, width and height of the tumor measured in vivo
minus the skin thickness. Bi-fold skin thickness was subtracted from the length and width
parameters and single fold skin thickness was subtracted from the height measurement

to determine La, Wa and Ha.

Animal description

[0072] Charles River athymic nude (Nu/Nu) mice {male) were purchased from Charles
River Laboratories. Animails were allowed 5 days to acclimate before commencement of
the study. Animals were weighed oneg day prior {o injection. Starting body weights were
between 20 and 25 grams. Animals were ear punched for identification and housed 5 per
cage untll randomization by tumor size. Once animals were assigned to groups, they were

housad 1 per cage.

Enzyme Solutions

[0073] Compositions of pEPO enzyme solution and activator solution (peroxide) were
prepared. The enzyme solution contained a final concentration of pEPQO of 2. 5ug/mi, (0.5
0.05mM each L-alanine, L-proline, givcine, final concentration), sethanclamine (2.4-
0.15mM, final concentration}, sodium bromide (2mh) and Tween-80 (0.1%, viv). The
activator solution comprised hydrogen peroxide at 0.003%, v/v, 880uM in phosphate-
buffered saline (PBS) pH 7.4, The vehicle was PBS.

[0074] Fifteen microliters of activator solution was added to vehicle or enzyme solution
and allowed to incubate for ~3-5 minules prior to dosing. Dosing solutions were activated

for each individual animal. Foliowing activation, ~1 mi of dosing solution was injected info
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the surgical cavity. The cavity was filled to completion until some leaking of fiuid from the

surgical site was observed.

Experimental design

[0075] HT-1080 celis fibrosarcoma cells were cullured and expanded under routine
conditions noted above. On the day of injection into mice, cells were harvested, washed
with phosphate buffered saline, and resuspended at a concentration § x 107 cells/mi.
Thirteen athymic nude mice (13 males) were injected SC in the right flank with HT1080
celis (concentration 5.1 x 10° cells/animal, volume 100 wanimal). Following injection,
animals were weighed weekly and monitored for tumor formation. Tumaors were measured
twice a week using external calipers once fumors were visible and had reached a

measurable sizs.

[0076] When tumors reached 0.5-1 em®, animals were randomized into two groups of
5 mice. The tumors were surgically removed from both groups. Surgical wounds were
sealed afler excision of the twmor with surgical glue and then the cavity was filled with
dosing solution (~1 mianimal). Group 1 received vehicle + aclivator while Group 2
received of pEPQO + activator. Animals were individually housed following surgery. One
animal from Group 1 (vehicle + activator) was found dead on the day after surgery. This
animal was replaced with an extra tumor bearing animal. The tumor was removad from
the replacement animal, the surgical wound sealed and the cavity was treated with 1 mi

of vehicle + activator.

[0077] Afier treatment, mortality checks and clinical observation were performed daily.
Animals were weighed weekly and on the day of termination. Tumor formation was
monitored in animals and when applicable, tumors were measured twice a week using

external calipers after tumors had reached a measurable size.

[0078] Al the end of 4 weeks, animals were suthanized by carbon dioxide followed by
cervical dislocation. Tumors were measured with calipers prior to termination. Following

termination, tumors were excised, weighed and fixed in 10% neutral buffered formalin.

Resuits and Conclusion

[0079] Tumor growth and clinical observations are noted in Table 1.
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Tabie 1 - In vivo Tumor Reduction Activity of pERO

Andmal 1D {ag) Sex Finding Btudy Day of Finding

Group 0 Vehicle plus Actheatar

(ERELE: A 153
FihdZ E 128
3G-39
31M3 #
HES XS 3 ndings onted
wed with ardmat GIMEA
Gk £ naings ooted
GiME i dings noted

Turn regrawdl nonfioved

Group 2; Enzyme plus Acthvator

GEMY R No abnormiat indings noted 127, 2953
e wourd {closed with wound olipg 28
GEM32 B P Rncinags noted 1-28
Tumors regrowth

32843 3 ndings onted

x2kd4 £ nadings noted

2R b nalings ooted

Findings sxchide the oshoarvations of umor formalion pric: to surgical removal and treatmend

[0080] Animals injected with HT-1080 cells developed visible tumors by day 11
Tumor massaes increased over time and tumors were surgically removed on study day 21
5  once tumors had reached an average volume of ~0.3 om® with individual tumors reaching

>(.5 om® in some animals.

[0081] Following tumor removal and freatment, 3 of 5 animals in group 1 (vehicle +
activator) had tumor re-growth, although the tumor failed to develop extensively in animal
G1M5. Only 1 of § animals in group 2 (enzyme + activator) had confirmed tumor re-growth.
10 Animals G1M2 and G1M3 were terminated on study 39 and 43 respectively due {o
complications arising from the presence of the wmor (difficulty moving, lack of visible
eating, lack of feces, overall lethargy). Remaining animails were euthanized on study day

53,
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[0082] One animal died during the course of this study. Animal G1M4 was found dead
on the day after tumor removal surgery and treatment with vehicle + activator. This animal
was replaced with one of the remaining tumor bearing animals and treated with vehicle +
activator (G1M4a).

[0083] Aside from the presence of the tumoer, other clinical observations were minor in
nature for study animals. IN addition, no clear differences in body weight were noted on

the day of study termination between the two groups.

[0084] Accordingly, this experiment showed that treatment of tumor cavilies with
activated pEPO resulted in a decreased number of animals showing tumor regrowth {1 of

5) versus 3 of 5 animals recelving vehicle + activator.

Exampie 2 - Refined assessment of the in vivo tumor reduction activity of pERPQO

[0085] A similar protocol as described in Example 1 was followed, bul with slight
variations. Specifically, a larger cohort of thirty-eight athymic nude mice (38 males) were
injected SC in the right flank with HT-1080 cells {same concentration as used in Example
1 of 5.0 x 10° celis/animal, volume 100 yanimal). Following injection, animals were
weighed weekly and monitored for tumor formation. Tumors were measured twice aweek

using external calipers once tumors were visible and had reached a measurable size.

[0086] Whereas in Example 1 tumors were allowed to reach 0.5-1 am?, in this further
axampie, tumors were allowed to reach 0.1 t0 0.3 e, Animais were then randomized
into two groups of 15 mice. The fumors were surgically removed from both groups.
Surgical wounds were sealed after excision of the tumor with surgical glue and then the
cavity was filled with dosing solution (~1 mi/animal). Group 1 received phosphate buffered
saline while Group 2 received of pEPC activator.  Animals were individually housed

following surgery. Procedure according o Exampie 1 was otherwise followed.

Resuits and Conclusion
[0087] Tumor growth and clinical cbservations from this further example are noted in
Table 2.
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Animals injected with HT-1080 cells developed visible tumors by day 10

[0088]

and wimors were surgically removed on study day 24

5

Tumor masses increased over time

once tumors had reached an average volume of ~0.15 om®.

fumors

and treatment of the iumor cavity,

Following tumor removal

[0089]

5

15 animals from Group 1 (phosphate buffered saline) and 5 of 15

redeveloped in 6 of

While the number of animals developing

animals from group 2 {(enzyme + activator).

ce was similar in both groups, the rate of growth of

tumors and the time to fumor emergen

the tumors in the two groups appeared to be different. Tumors in the Group 1 control

animals increased in volume more rapidly than those in the Group 2 enzyme + activator

10
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treated animals. On average, tumors in group 2 animals required an additional 15 days

to reach a similar size compared o group 1 control tumors.

[0090] A similar result was observed when monitoring survival of animals. Non-
survival was defined as the study day for which the tumor reached maximal tumor volume
and the animal was suthanized. As with the tumor volumes, the Enzyme/activator treated

animals survived longer than the control treated animals.

[0091] Following surgical removal of HT-1080 tumors and freatment of tumor cavities
with activaied Enzyme solution (porcine eosinophil peroxidase, pEPQO) or phosphate
buffered saline as a control, 8§ of 15 animals from the phosphate buffered saline group and
5 of 15 animais from Enzyme plus activator group developed tumors. Animals in which
tumor cavities were treated with aclivated enzyme solution resulted in slower tumor growth
and extended survival relative {0 the phosphate buffered saline treatment. Resulis are
shown graphically in Figure 1. In Figure 1A, tumor volumes are plotted as a function of
post-surgery study day out 1o study day 42 (the first day any tumor reached the maximum
size of 1 cm®). The same data is presented in Figure 1B except that tumor voiumes are
plotted out to the terminal study day. When calculating average tumor volumes for later
study days, the tumor volume obtained at the time of euthanasia for each animal was used

for all remaining study days.

[0092] A similar result was observed when monitoring survival of animals.  Non-
survival was defined as the study day for which the fumor reached maximal tumeor volume
and the animal was suthanized. Results of the survival study curves are presented in
Figure 2. In Figure 2A, a survival curve is shown where percent survival is calculated
using all study animals. In Figure 2B, the survival curve is only for the animals that
redeveloped wmors. As with the tumor volumaes, the enzyme + activator treated animals

survived longer than the control treated animals.

Example 3 - Treatment of bladder cancer
Treatment of a patient suffering from bladder cancer is envisaged and may encompass

one or more of the following:

= Maintenance of optimal pH of about 8.0 in the bladder environmernt by lavage.

s Removal of mucosa lining the bladder with dimethy! sulfoxide (DMSO).
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= Direcl instillation/administration of compositions comprising a haloperoxidase, a
peroxide or peroxide producing oxidase, and activating compounds, via urinary
catheter.

= Treatment with a bolus peroxide may comprise 0.3 to 0.02 % peroxide with 1to 10

mEag/L bromide by lavage.

[0093] While illustrative embodiments have been Hliustrated and described, including
the best mode known o the invenlors for carrying out the invention, those skilled in the ari
will recognize that the disclosure may be practiced with variations on the disclosed
structures, materials, compositions and methods, and such variations are regarded as

within the ambit of the disclosure.

[0094] Discussion or mention of any piece of prior art in this specification is nol to be
taken as an admission that the prior art is part of the common general knowledge of the

skilied addressee of the specification.

[0095] The contents of all references, and published patents and patent applications

cited throughout the application are hereby incorporated by reference.

23



WO 2022/103515 PCT/US2021/053155

CLAIMS

1. A method of treating a solid cancer comprising administering an effective amount

of a pharmaceutical compaosition comprising a haloperoxidase.

2. The method of claim 1, wherein the haloperoxidase is selected from a group
consisting of mysloperoxidase (MPO), sosinophil peroxidase (EPO), lactoperoxidase
(LFC), chioroperoxidase (CPO), functional derivatives thereof, and combinations thereof.

3. The method of claim 2, wherein the haloperoxidase is EPO.

4, The method of claim 1, wherein the haloperoxidase catalyzes halide oxidation and

disproportionation of peroxide vielding singlet molecular oxygen resuiting in one or more

of:
inhibition of cancer cell growth,
inhibition of cancel cell metastaseas, and/or
cancer cell death.
5. The method of claim 4, further comprising administering an effective amount of

peroxide or a peroxide-producing oxidase.

6. The method of claim 5, further comprising administering a substrate for the
oxidase.
7. The method of claim 6, wherein the peroxide-producing oxidase is giucose oxidase

and the substrate is glucose.

3. The method of claim 1, wherein the haloperoxidase is administered with a halide.

@, The method of claim 8, wherein the halide is chionde or bromide.

10. The method of claim 1, wherein the haloperoxidase is administered in a first

composition together with al least one further composition comprising one or more of.

a halide,
24
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paroxide or a peroxide-producing oxidase, and

a subsirate for the peroxide-producing oxidase.

11. The method of claim 10, wherein said compaositions are:
premixed before administration, or

administered concurrently or sequentially.

12. The method of claim 1, whersin the solid cancer is a tumor, preferably a primary

or metastatic fumor.

13. The method of claim 12, wherein the haloperoxidase is administered

extratumorally or intratumorally.

14, The method of claim 1, wherein the solid cancer is selected from the group
consisting of. breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum
cancer, melanoma of the skin, bladder cancer, kidney and renal pelvis cancer, endomedtrial
cancer, pancreatic cancer, thyroid cancer, liver cancer, brain cancer and spinal cord

cancer.

15. A method of reating a solid cancer in a patient, said method consisting of
administering to said patient an effective amount of:
a haloperoxidase, and optionally one or more of:

a halide,

a peroxide or peroxide producing oxidase,

a subsirate for said oxidase, and a

a pharmaceutically acceptable carrier.

18. A combination for treating a solid cancer in a patient, said combination comprising:
a haloperoxidase, and at least ong of
a halide, and

peroxide or a peroxide producing oxidase.
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17. The combination of claim 16, wherein the haloperoxidase catalyzes halide
oxidation and disproportionation of peroxide yielding singlet molecular oxygen resulting in
one or moreg of:

inhibition of cancer cell growth,

inhibition of cancel cell metastases, and/or

cancer celi death.

18. The combination of claim 16, which is formulated in a composition that is for

adminisiration to said patient.

18. The combination of claim 16, which is formulated in at ieast two compositions, and
wherein said compositions are:
premixed for administration to said human or animal subject, or

for administration concurrently or sequentially to said human or animal subject.

20. The combination of claim 16, wherein the haloperoxidase is selected from a group
consisting of. myeloperoxidase (MPQO), eosinophil peroxidase (EPFQ), lactoperoxidase

(LPO), chioroperoxidase (CPQO), functional derivatives thereof, and combinations thereof.

21. The combination of claim 16, wherein the peroxide-producing oxidase is glucose

oxidase.

22. The combination of claim 16, wherein the halide is chioride or bromide.

23. The combination of claim 186, comprising from about 1 ug/mi to about 50,000 ug/mi

of haloperoxidase.

24. The combination of claim 16, wherein the peroxide-producing oxidase generates
from 100 pmol to 50 umol peroxide per mi per minute when in the presence of a substrate

for the oxidase.

25, The combination of claim 16, wherein the solid cancer is a tumor, and wherein the

combination is formulated for administration extratumorally or intratumorally.
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26. The combination of claim 16, wherein the solid cancer is selected from the group
consisting of: breast cancer, lung and bronchus cancer, prostate cancer, colon and recium
cancer, melanoma of the skin, bladder cancer, kidney and renal pelvis cancer, endometrial
cancer, pancreatic cancer, thyroid cancer, liver cancer, brain cancer and spinal cord

cancer.

27. A combination for treating a solid tumor in a patient, said combination consisting
of:

a haloperoxidase,

& halide, and

peroxide or a peroxide producing oxidase, and optionally

a substrate for said oxidase, and

a pharmaceutically acceptable carrier.

28. A composition for treating a solid cancer in a patient, said compaosition comprising:
a haloperoxidase, and optionally one or more of
a halids,
peroxide or a peroxide producing oxidase,
a substrate for said oxidase, and

a pharmacsulically acceptable carriar.

29, The composition of claim 28, wherein the haloperoxidase is selected from a group
consisting of myeloperoxidase (MPO), sosinophil peroxidase (EPQO), lactoperoxidase

(LFC), chioroperoxidase (CPO), functional derivatives thereof, and combinations thereof.

30. The composition of claim 28, wherein the haloperoxidase catalyzes halide
oxidation and disproportionation of peroxide yielding singlet molecular oxygen resulting in
one or more of.

inhibition of cancer cell growth,

inhibition of cance! cell metastases, and/or

cancer cell death,

31 The composition of claim 28, in which is the haloperoxidase is formulaied together

with a peroxide producing oxidase.
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32. The compaosition of claim 28, wherein the peroxide-producing oxidase is glucose

oxidase.

33. The composition of claim 28, comprising from about 1 to about 50,000 ug/mi of

haloperoxidase.

34, The composition of claim 28, wherein the peroxide-producing oxidase generates
from 100 pmol to 50 umol peroxide per mi per minute when in the presence of a substrale

for the oxidase.

35. The composition of claim 28, wherein said composition comprises about 10 to
about 5,000 ug/mi of haloperoxidase, and from about 1 to about 500 U/mi of glucose

oxidass.

36. The composition of claim 26, wherein the solid cancer is a tumor, and wherein the

composition is formulated for administration extratumorally or intratumorally.

37. The compaosition of claim 26, whersin the solid cancer is selecled from the group
consisting of. breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum
cancer, melanoma of the skin, bladder cancer, Kidney and renal pelvis cancer, endometrial
cancer, pancreatic cancer, thyroid cancer, liver cancer, brain cancer and spinal cord

cancer.

33, A composition for treating a solid cancer in a patient, said composition consisting
of:

a haloperoxidase, and optionally one or more of

a halide,

peroxide or a peroxide producing oxidase,

a substrate for said oxidase, and

a pharmaceutically accepiable camisr.
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