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[005] Field of the invention

[006] The field of the invention encompasses prevention and treatment of Wolbachia-related
disease and the use of various compounds including Pararosaniline, Pyrvinium, Pamoate, Clo-
foctol, and Isoreserpine to formulate pharmaceutical compounds that may be used to kill

Wolbachia in vivo.

[007] Background

[008] A number of references are believed by the inventors to be particularly relevant to the
present work and include those shown in the “References” section. These references are hereby
incorporated by reference for all purposes. The fact that these references are cited is not an ad-

mission that they are prior art.

[009] Brief description of the invention

[0010] The invention encompasses pharmaceutical formulations for the prevention and treatment
of Wolbachia-related disease. In particular the invention encompassed the use of various com-
pounds that may be formulated so that they may be applied to a subject to kill Wolbachia in vivo.
Compounds used in the formulations of the invention include Pararosaniline Pamoate, Pyrvinium
Pamoate, Clofoctol, Isoreserpine and derivatives, metabolites, precursors, pro-drugs and variants
thereof. The formulations may be administered to a subject suffering from (or in danger of suf-
fering from) a Wolbachia-related disease either topically or systemically so as to kill Wolbachia.
The formulations of the invention may comprise one or more of Pararosaniline Pamoate, Pyrvin-
ium Pamoate, Clofoctol, and Isoreserpine, or any other compound identified by the screening

method of the invention, either singly on in combination.

[0011] Brief description of the figures

Figure 1. Drosophila tissue culture imaged in a 384-well plate by automated microscopy. A)
Wolbachia-infected cells. B) Identical cell line cured by a 4-week tetracycline treatment. Blue:
cytoplasmic Wolbachia. Green: microtubules. Red: host nuclei.

Figure 2. Overview of the chemical screen.

Figure 3. Results from B. malayi drug feeding assay A.) Viable DMSO-treated worms. B.) Invi-
able pararosaniline pamoate-treated worms. C.) Timetable of worm mortality resulting from var-

ious treatments.
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Figure 4. D. melanogaster viability after consumption of pararosaniline pamoate at various con-
centrations.

Figure 5. Wolbachia titer in Drosophila is reduced by treatment with pararosaniline pamoate.
Graph shows average quantity of Wolbachia within a single focal plane of multiple D. melano-

gaster oocytes. n = number of oocytes analyzed.

[0012] General Representations Concerning the Disclosure

[0013] The embodiments disclosed in this specification are exemplary and do not limit the in-
vention. Other embodiments can be utilized and changes can be made. As used in this specifica-
tion, the singular forms “a”, “an”, and “the” include plural reference unless the context clearly
dictates otherwise. Thus, for example, a reference to “a part” includes a plurality of such parts,
and so forth. The term "comprises” and grammatical equivalents thereof are used in this specifi-
cation to mean that, in addition to the features specifically identified, other features are optional-
ly present. Where reference is made in this specification to a method comprising two or more
defined steps, the defined steps can be carried out in any order or simultaneously (except where
the context excludes that possibility), and the method can optionally include one or more other
steps which are carried out before any of the defined steps, between two of the defined steps, or
after all the defined steps (except where the context excludes that possibility). Where reference
is made herein to "first" and "second" features, this is generally done for identification purposes;
unless the context requires otherwise, the first and second features can be the same or different,
and reference to a first feature does not mean that a second feature is necessarily present (though
it may be present). Where reference is made herein to "a" or "an" feature, this includes the pos-
sibility that there are two or more such features. This specification incorporates by reference all
documents referred to herein and all documents filed concurrently with this specification or filed

previously in connection with this application, including but not limited to such documents

which are open to public inspection with this specification.

[0014] Definitions

[0015] The following words and phrases are used herein as follows:

[0016] The terms “pharmaceutical formulation™ and “pharmaceutical composition” mean any
composition intended for administration to a human being or other mammal and comprises at
least one drug; it may also include one or more other additives, for example pharmaceutically

acceptable excipients, carriers, penetration enhancers, stabilizers, buffers or other materials.
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The term “drug” means any substance that alters the physiology of an organism. Multiple drugs
may be included in a single formulation.

The term "therapeutically effective amount” means an amount of a therapeutic agent, or a rate of
delivery of a therapeutic agent, effective to facilitate a desired therapeutic effect.

The term "treatment” means the application of a process to an individual in order to alter a phys-
iological state, whether or not the process includes a curative element.

"Controlled” release of a drug means release of the drug in a pre-determined or adjustable way
such that the amount or rate or timing of release is pre-set or is altered in a desired way.
"Sustained” release of a drug means release over an extended period of time, for example
minutes, hours or days, such that less than all the drug is released initially.

The term "subject” means any subject, generally a mammal (e.g., human, primate, canine, feline,

equine, bovine, fish, birds etc in which management of a disease is desired.

[0017] Detailed description of the invention

[0018] The invention encompasses pharmaceutical formulations for the prevention and treatment
of Wolbachia-related disease. In particular the invention encompasses pharmaceutical formula-
tions containing a drug that kills Wolbachia in vivo in a treated subject. The invention includes
the use of various compounds (drugs) that may be formulated into a pharmaceutical formulations
so that on administration to a subject they kill Wolbachia in vivo. Compounds used in the for-
mulations of the invention include Pararosaniline Pamoate, Pyrvinium Pamoate, Clofoctol, and
Isoreserpine and derivatives, metabolites, and precursors, pro-drugs and variants thereof. The
formulations may be administered to a subject suffering from (or in danger of suffering from) a

Wolbachia-related disease either topically or systemically so as to kill Wolbachia.

[0019] It is believed that that (and a non-exhaustive search of PubMed and the Delphion patent
database confirms) that the named drugs (Pararosaniline Pamoate, Pyrvinium Pamoate, Clofoctol,
and Isoreserpine) have not previously been used to treat Wolbachia-related disease. Thus the in-
vention includes new uses for known compounds and methods for treatment, wherein Pararo-
saniline Pamoate, Pyrvinium Pamoate, Clofoctol, and Isoreserpine and derivatives, metabolites,
and precursors, pro-drugs and variants thereof are used to prevent and treat Wolbachia-related
disease. The invention also includes methods for using he same compounds and formulations to

treat other filarial diseases.
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[0020] The formulations of the invention may also include one or more other additives, for ex-
ample pharmaceutically acceptable excipients, carriers, penetration enhancers, stabilizers, buffers

or other materials.

[0021] The formulations of the invention may be administered in a number of ways including via
inhalation; or topically, e.g., onto the skin or as eye drops or ear drops; or as a pessary or suppos-

itory, or enterally, e.g., orally, parenterally, e.g., intravenously, intramuscularly etc.

[0022] The invention encompasses use of the pharmaceutical formulations described to treat or
prevent Wolbachia-related disease. Such uses include the use of one or more compounds, either
signally or in combination, selected from the group consisting of: Pararosaniline Pamoate,
Pyrvinium Pamoate, Clofoctol, and Isoreserpine, and derivatives, metabolites, precursors, pro-

drugs and variants thereof.

[0023] The invention encompasses methods for treating of preventing Wolbachia-related disease
wherein the method comprises the following steps: (1) providing am anti-Wolbachia formulation
wherein the formulation comprises at least one compound selected from the group consisting of
Pararosaniline Pamoate, Pyrvinium Pamoate, Clofoctol, and Isoreserpine, and derivatives, me-
tabolites, precursors, pro-drugs and variants thereof. (2) providing a subject in need of treatment
or prevention of a Wolbachia-related disease; (3) providing to the subject a therapeutically effec-
tive amount of the anti-Wolbachia formulation by various means including (but not limited to)
orally, intravenously, intramuscularly, by inhalation, or topically, either in a bolus or a sustained

release form. Such treatment results in the measurable killing of Wolbachia in vivo.

[0024] The methods of treatment may be used to treat mammals including humans, pets such as

dogs and cats, horses, domestic livestock, ungulates, bovines, ovines, foul, fish etc.

[0025] The invention encompasses methods for killing Wolbachia in vitro and in vivo, and in-
cludes methods wherein the degree of killing of Wolbachia is measured experimentally using
methods described herein. One methods involves the following steps: (1) performing a feeding
assay using Wolbachia-infected Drosophila melanogaster flies; (2) quantitavely determining the

treatment’s effect of the quantity of Wolbachia carried by the D. melanogaster host.
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[0026] In various embodiments using this method the quantity of viable Wolbachia organisms is
reduced by at least 20%, or 30%, or 40%, or 50%, or 60% or 70% or at least 80% when com-
pared to the pre-treatment level. In various clinical embodiments the quantity of viable

Wolbachia organisms in vivo is reduced by a similar amount.

[0027] The invention encompasses the production and formulation of pharmaceutical formula-

tions described to treat of prevent Wolbachia-related disease.

[0028] The invention encompasses methods for screening candidate compounds that may be

used to kill Wolbachia in vivo. These methods are extensively described herein.

[0029] The invention encompasses a microscopy-based high throughput screening assay that

identifies compounds that reduce Wolbachia titer in tissue culture cells.

[0030] Investigational protocols and data

[0031] Wolbachia are intracellular bacteria that infect arthropods as well as nematodes that
cause Elephantiasis and Onchocerciasis in millions of people. Anti-filarial drugs have had only
limited success in combating these diseases (Hoerauf, 2008). Exciting recent discoveries showed
that parasitic nematodes require Wolbachia for survival and these bacteria are causally involved

in disease manifestation (Saint Andre et al., 2002; Turner et al., 2009).

[0032] Antibiotics can now be used to improve anti-filarial drug therapies (Hoerauf et al., 2008),
but the treatments are expensive and require a minimum 4-6 week duration. To address these
issues, we have developed and tested an approach to identify small molecule inhibitors that rap-
idly reduce Wolbachia quantity residing within eukaryotic cells. To identify these inhibitors, we
treated Wolbachia-infected tissue culture cells with many different inhibitors. We identified the
compounds that most reduced Wolbachia quantity within the cells, and then validated the effica-
cy of the compound in Wolbachia-infected organisms. Compounds that show efficacy in animal
models are of significant interest, as they offer new options for fast-acting, Wolbachia-

eliminating therapies.

[0033] High-throughput screening is now well-established in the literature as a reliable tech-

nique(Carpenter, 2007; Perrimon and Mathey-Prevot, 2007). To conduct our screen, we first
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generated Drosophila tissue culture cells that are constitutively infected with Wolbachia as pre-
viously (Szollosi and Debec, 1980) (Fig 1). These lines have stably held the Wolbachia infection
since inception (3.5 years), and they exhibit no obvious defects in morphology or mitotic ability.
Our cell lines additionally carry a GFP-Jupiter transgene that fluorescently labels microtubules
(Karpova et al., 2006), thus clearly delineating cellular boundaries. We refined a seed-
ing/fixation/staining protocol to enable clear detection of host nuclei and cytoplasmic Wolbachia
using fluorescent probes. After adapting our protocols to a 384-well format, we validated them
at the UCSC Chemical Screening Center using automated, programmable liquid handlers and an
automated epifluorescence microscope (Fig 2). In collaboration with the microscope company
Molecular Devices, we optimized journaling software that analyzes the level of cytoplasmic
DAPI (Wolbachia) fluorescence per cell in all wells of the plate. This journal reports that infect-
ed cells (Fig 1A) on average contain six-fold more cytoplasmic DAPI than uninfected control
cells (Fig 1B), indicating that Wolbachia fluorescence is unambiguously detectable over back-

ground. Taken together, these steps set the stage for a pilot high-throughput screening test.

[0034] To test the premise that our assay will identify compounds useful for elimination of
Wolbachia, we conducted a pilot screen of 2000 FDA-approved drugs from the Spectrum chem-
ical library collection at the UCSC Chemical Screening Center. In this pilot, compounds were
added to Wolbachia-infected cells at a final concentration of 100uM in media and allowed to in-
cubate for 3 days. Cells were then fixed, stained, imaged, and analyzed by automated machinery.
Thus far 11 compounds were identified that reduced cytoplasmic DAPI fluorescence to the
background level of uninfected control cells, suggesting that intracellular Wolbachia became de-
pleted in the presence of those compounds. We examined the images by eye to verify the
Wolbachia disruption and prioritized the drug candidates so those with the least overt impact on

host cell morphology would be the first ones pursued.

[0035] Small molecules of interest found by the primary tissue culture screen must be tested in
animal models to determine their relevance to Wolbachia in vivo. Because Wolbachia are vital
endosymbionts of Brugia malayi worms that cause Elephantiasis, the next important step was to
validate whether compounds found in the high-throughput screen could affect the viability of
those worms. To assay this, we performed a pilot feeding assay by distributing Brugia malayi
into 12-well plates containing tissue culture media and different compounds added to a final con-

centration of 100uM. Two drugs found in the pilot tissue culture screen were used, pararosanal-
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ine pamoate and pyroxidine HCI, as well as Ivermectin, a drug currently used against filariasis,
and DMSO alone as a control. In this feeding assay, we observed that worms fed with pararo-
sanaline pamoate ceased movement within 2 hours, whereas all other treatments took substantial-
ly longer to affect the worms (Fig 3). Our preliminary dose-response tests of pararosanaline pa-

moate indicate that the lethal feeding dose lies between 25uM and 10uM.

[0036] Confocal imaging of untreated worms and worms killed by pararosanaline pamoate indi-
cated no visible difference in the number of Wolbachia carried by each host type, but this is in
accord with the rapid death induced by the feeding assay, as there is little time for clearing of

dead bacteria from host tissues prior to host mortality.

[0037] Drugs of primary interest identified by the screening methods of the invention include

Pararosaniline Pamoate, Pyrvinium Pamoate, Clofoctol, and Isoreserpine.

[0038] As the next validation step, it was important to determine whether the compounds found
in our screen can cure a host of Wolbachia while also permitting host viability. To investigate
this, we first performed a feeding assay using Wolbachia-intected Drosophila melanogaster flies.
Flies were provided with fly food containing pararosanaline pamoate at concentrations of 100uM
or less, and viability was scored over time. Preliminary results indicate little viability difference
between the various drug concentrations and the DMSO control (Fig 4). To then determine
whether the treatment affected the quantity of Wolbachia carried by the D. melanogaster host,
we fed pararosaniline pamoate to Wolbachia-infected fruit flies for 3 days and analyzed
Wolbachia titer in ovarian tissues. This was performed through use of confocal microscopy and
image-based bacterial quantification software. Preliminary results from this test indicated that
indeed, Wolbachia titer was reduced to 60% of the control levels upon treatment with pararosani-
line pamoate (Fig 5). This indicates that the pararosaniline pamoate, initially identified by our
high throughput screening approach, is an interesting candidate to pursue further as a possible

anti-Wolbachia therapeutic drug.

[0039] In summary, the invention provides a powerful tool to develop better treatments for
Wolbachia-related neglected diseases. We have developed a microscopy-based high throughput
screening assay that successfully identifies compounds that reduce Wolbachia titer in tissue cul-

ture cells. We demonstrated that these compounds can be successfully validated in animal mod-
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els by both testing for mortality effects in B. malayi that rely on Wolbachia for survival, and by
testing for curative effects in D. melanogaster that carry Wolbachia as a parasite. This study re-
veals pararosaniline pamoate as a putative fast-acting anti-Wolbachia treatment that may be use-
ful in prevention of Elephantiasis and River Blindness. Follow-up studies will be performed to
elucidate the curative effects of pararosaniline pamoate in animal models of Elephantiasis. We
have investigated and identified a number of drugs by the screening of the invention that may be

used as Wolbachia-depleting, Brugia malayi-killing drugs.
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CLAIMS

1. A pharmaceutical formulation for the prevention and treatment of Wolbachia-related disease,
the pharmaceutical formulation containing a drug that kills Wolbachia in vitro and in vivo,
wherein the drug is selected from the group consisting of one or more of Pararosaniline Pamoate,
Pyrvinium Pamoate, Clofoctol, and Isoreserpine, and derivatives, metabolites, precursors, pro-

drugs and variants thereof, either singly or in combination.

2. The pharmaceutical formulation of claim 1 wherein the drug consists of Pararosaniline Pa-

moate.

3. The pharmaceutical formulation of claim 1 wherein the drug consists of Pyrvinium Pamoate.

4. The pharmaceutical formulation of claim 1 wherein the drug consists of Clofoctol.

5. The pharmaceutical formulation of claim 1 wherein the drug consists of Pararosaniline Pa-

moate, Pyrvinium Pamoate, Clofoctol, and Isoreserpine

6. The pharmaceutical formulation of claim 1 that additionally comprises one or more additives,
for example pharmaceutically acceptable excipients, carriers, penetration enhancers, stabilizers,

buffers or other materials.

7. The use of compounds that may be formulated into a pharmaceutical formulations so that on
administration to a subject they kill Wolbachia in vivo and/or in vitro, wherein the compounds
used include Pararosaniline Pamoate, Pyrvinium Pamoate, Clofoctol, and Isoreserpine and deriv-

atives, metabolites, precursors, pro-drugs and variants thereof, either singly on in combination.

8. The use of claim 7 wherein the formulation is administered to a subject orally, topically intra-

venously, intramuscularly or subdermally so as to kill Wolbachia.

9. The use of claim 7 wherein the formulation is a sustained release formulation.

11
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10. A method for treating of preventing Wolbachia-related disease comprising the following
steps: (1) providing am anti-Wolbachia formulation wherein the formulation comprises at least
one compound selected from the group consisting of Pararosaniline Pamoate, Pyrvinium Pa-
moate, Clofoctol, and Isoreserpine, and derivatives, metabolites, precursors, pro-drugs and vari-
ants thereof; (2) providing a subject in need of treatment or prevention of a Wolbachia-related
disease; (3) providing to the subject a therapeutically effective amount of the anti-Wolbachia
formulation by various means including (but not limited to) orally, intravenously, intramuscular-
ly, by inhalation, or topically, either in a bolus or a sustained release form. Such treatment results
in the measurable killing of Wolbachia in vivo; and optionally, determining the clinical effect of

the treatment.

11. The method of claim 10 wherein the quantity of viable Wolbachia organisms is reduced by at
least 40% when compared to the pre-treatment level. In various clinical embodiments the quan-

tity of viable Wolbachia organisms in vivo is reduced by a similar amount.

12. A method for the production and formulation of pharmaceutical formulations described to

treat of prevent Wolbachia-related disease, the method comprising compounding a pharmaceuti-
cally acceptable excipient or carrier with at least one compound selected from the group consist-
ing of Pararosaniline Pamoate, Pyrvinium Pamoate, Clofoctol, and Isoreserpine, and derivatives,

metabolites, precursors, pro-drugs and variants thereof.

13. A microscopy-based high throughput screening assay that identifies compounds that reduce
Wolbachia titer in tissue culture cells, and kill Brugia malayi, the assay comprising carrying out
the following steps:

(1) provide a test compound to be tested for its ability to kill Wolbachia

(2) contact the test compound with Wolbachia-infected cells at a final concentration of 100uM in
media and allowed to incubate for 3 days,

(3) fixed, stain, image and analyze the cells, and compare with uninfected control cells, thereby
identifying compounds of interest,

(4) test the identified compounds in an animal model to determine their ability to kill Wolbachia
in vivo.

(5) validate whether compounds found in the high-throughput screen could kill Brugia malayi

worms

12
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(6) determine dose-response measurements,

(7) determine whether the compounds identified can cure a host of Wolbachia while also permit-
ting host viability by performing a feeding assay using Wolbachia-infected Drosophila melano-
gaster flies,

(8) determine whether the treatment affected the quantity of Wolbachia carried by the D. mela-
nogaster host by feeding the compound to Wolbachia-infected fruit flies for 3 days and analyz-
ing Wolbachia titer in ovarian tissues using confocal microscopy and image-based bacterial
quantification software to determine the amount of reduction in Wolbachia titer in experimental

organisms vs. controls.

13
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FIGURES

FIGURE 1

FIGURE 2
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Fig 1. Drosophila tissue culture imaged in a 384-
well plate by automated microscopy. A) Wolbachia-
infected cells. B) Identical cell line cured by a 4-
week tetracycline treatment. Blue: cytoplasmic
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