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COMPOSITIONS AND METHODS FOR INHIBITION OF BACTERIAL
INFECTIONS IN HUMAN ENDOCERVIX

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application No.
62/248,204, filed on October 29, 2015, the disclosure of which is hereby incorporated by

reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] This invention was made with government support under contract no.
R21AI103797 awarded by the National Institutes of Health. The government has certain

rights in the invention.

FIELD OF THE DISCLOSURE
[0003] The disclosure generally relates to infectious disease prevention. More

particularly the disclosure generally relates to prophylaxis of sexually transmitted discases.

BACKGROUND OF THE DISCLOSURE

[0004] Colonization and disruption of the epithelium is a major infection mechanism
of mucosal pathogens. The epithelium counteracts infection by exfoliating damaged cells
while maintaining the mucosal barrier function. The sexually transmitted bacterium Neisseria
gonorrhoeae (Ng, also referred to in the art as GC) infect the female reproductive tract
primarily from the endocervix, causing gonorrhea. However, the mechanism by which Ng
overcomes the mucosal barrier remains elusive.

[0005] Ng, a Gram-negative bacterium, infects exclusively the mucosal surface of
human genital tissues in men and women and causes gonorrhea, one of the most common
sexually transmitted infections. In the female reproductive tract (FRT), the epithelium lining
of endocervix has been suggested as a primary site for Ng to initiate infection that leads to
pelvic inflammatory and disseminated diseases. Ng establishes infection by interacting with
various receptors on epithelial cells, such as the binding of opacity-associate protein (Opa) to
carcinoembryonic antigen-related cell adhesion molecules (CEACAMSs) or heparin sulfate
proteoglycans (HSPG). These interactions alter signaling cascades in epithelial cells, such as
phosphatidylinositol 3-kinase, phospholipase C, and Ca** flux. The signaling leads to actin
reorganization, which drives microvillus elongation and the subsequent engulfment of Ng.

However, how Ng manipulate columnar endocervical epithelial cells through their surface
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molecules for infection is unknown. A major obstacle against addressing this question has
been a lack of infection models better mimicking aspects of human infection, which has in
turn hampered the development of effective treatments and preventatives that can inhibit the
establishment of Ng infection. Furthermore, The US Center for Disease Control and the
World Health Organization have listed gonorrhea as an urgent public and women health
issue. Gonorrhea is the second most common bacterial infection, affecting >800,000
people/year in the US and ~80 million people worldwide. Gonorrhea can cause permanent
disability and even death, and also increase the risk of HIV and other sexually transmitted
diseases (STDs), which is estimated to cost the U.S. health care system ~$17 billion/year.
The most vulnerable population are women as STDs are considered a social taboo and most
female gonorrhea are asymptomatic, which lead to treatment delay, further transmission, co-
infection of other STDs, and severe complications, including chronic pelvic inflammation,
life-threatening ectopic pregnancy, infertility, and disseminated infections. In addition to the
lack of vaccines, there is also the issue of Ng developing resistance to antibiotics. US
surveillance data suggest that it is only a matter of time before Ng becomes resistance to the
only remaining effective antibiotics, cephalosporin. Thus, there is an urgent need for
alternative preventives for gonorrhea not based on traditional antibiotics, and the
development of such preventatives requires an improved research model for Ng infection.

The present disclosure is pertinent to these needs.

SUMMARY OF THE DISCLOSURE

[0006] The present disclosure provides certain aspects of compositions, methods and
devices for prophylaxis and/or therapy of sexually transmitted bacterial infections in the
female reproductive tract. The compositions, methods and devices are used for intravaginal
administration of compositions that contain a peptide agent comprising the amino acid
sequence lys-arg-arg-tyr-lys-tyr-lys-lys-arg (SEQ ID NO:1), and/or a chemical agent known
as ML-7 (PubChem CID 4216; commercially available from, for example, EMD
MILLIPORE under reference CAS 110448-33-4 — Calbiochem; structure:
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, or a combination of ML-7 and any of the peptides described
herein. Demonstrations of embodiments are provided for human tissue infection models that
involve Ng. In particular, embodiments are demonstrated using a new human tissue model,
and show that Ng can penetrate into the human endocervix by inducing the exfoliation of
columnar epithelial cells. Data are provided which demonstrate that Ng colonization causes
endocervical epithelial cells to shed. The shedding results from the disassembly of the apical
junctions that seal the epithelial barrier. The apical junction disruption and epithelial
exfoliation increase Ng penetration into the endocervical epithelium without reducing
bacterial adherence to and invasion into the epithelial cells. Both the epithelial exfoliation and
junction disruption require the activation and accumulation of non-muscle myosin IT (NMII)
at the apical surface and Ng adherent sites. Ng inoculation activates NMII by elevating the
levels of the cytoplasmic Ca** and NMII regulatory light chain phosphorylation. However,
the expression of Ng opacity-associated protein inhibits Ng -induced NMII activation and
reorganization but does not reduce the cytoplasmic Ca** level. The inhibitory effects of Opa
lead to reductions in junction disruption, epithelial exfoliation, and Ng penetration. Based in
part on these discoveries the disclosure demonstrates that Ng modulate infection in the human
endocervix by manipulating the activity of NMII and epithelial exfoliation. In this context
the disclosure demonstrates that PIK and ML-7 can prohibit Ng from damaging the epithelial
barrier and penetrating into human cervical tissues, and that PIK also suppresses Ng growth.
The concept of using PIK and ML-7 for prophylaxis and/or therapy of Ng infection is
supported using both 3D human epithelial cell and cervical tissue explant models.
Accordingly, it is expected that PIK and ML-7 will function as an effective agent for use as

an intravaginally applied Ng preventative agent.
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BRIEF DESCRIPTION OF THE FIGURES

[0007] Figure 1 shows Ng induce exfoliation of polarized epithelial cells from human
endocervical tissue explants and T84 monolayers while Opa expression suppresses the
exfoliation. Human endocervical tissue pieces (A-C) and polarized T84 monolayers (A, D,
and E) were apically incubated with MS110pa+ or AOpa at a MOI of ~10 for 6 or 24 h at
37°C, with unassociated Ng washed off at 6 and 12 h. Cells were fixed, stained for DNA and
Ng, and analyzed using 3D-CFM. Shown are representative images that intercept both the
apical and basolateral surfaces (Scale bar, 10 um) (A, B, and D). Based on cell nuclear
staining, the average percentage (£SD) of exfoliated epithelial cells was determined by
counting the number of Ng -positive epithelial cells localizing above the endocervical
epithelium (A-C) and T84 monolayers (A, D, and E), indicated by white dash lines, versus
the total number of Ng -associated cells. Shown are the results from >15 randomly selected
fields (>50 cells) from three independent experiments or cervixes of two to three human
subjects. ***p <0.001; **p <0.01; *p<0.05.

[0008] Figure 2 shows Ng induces exfoliation of polarized epithelial cells requires the
activation of Ca?" flux and non-muscle myosin II (NMII) by myosin light chain kinase
(MLCK). Polarized T84 cells (A and B) and human endocervical tissue explants (C and D)
were untreated or pre-treated with the ROCK inhibitor Y27632 (Y, 10 uM) or the MLCK
inhibitors ML-7 (M, 10 uM) or PIK (100 uM) for 1 h and apically incubated with MS110pa+
or AOpa for 6 h or 24 h in the presence or absence of inhibitors. Cells were fixed, stained for
DNA and Ng, and analyzed using 3D-CFM. Shown are representative images (Scale bar, 10
um) (A and C). The average percentages (+=SD) of exfoliated cells were determined as Figure
1 from >15 randomly selected fields (>50 cells) of three independent experiments or cervixes
of two to three human subjects. ***p <0.001; **p <0.01; *p<0.05.

[0009] Figure 3 shows inhibition of Ca*" signal and NMII activation as well as Opa
expression reduces Ng penetration into the epithelium but not Ng adherence and invasion. (A-
C) Polarized T84 cells were untreated or pre-treated with the ROCK inhibitor Y27632 (Y),
the MLCK inhibitors ML-7 (M) and PIK, or the intracellular Ca®* release inhibitor 2APB (10
uM), and apically incubated with MS110pa+ or AOpa for 6 h in the presence or absence of
inhibitors. The basal medium was collected to determine transmigrated Ng (A). Invaded Ng
(B) and adhered Ng (C) were quantified by the gentamicin resistance assay. (D and E)
Polarized HEC-1-B cells were apically incubated with MS110pa+ or AOpa for 6 h, and the
numbers of transmigrated (D) and adhered Ng (C) were determined as described above.

Shown are the means (=SD) of >6 transwells from 4-6 independent experiments. (F and G)

-4-
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Human endocervical tissue explants were incubated with MS11AOpa for 24 h in the presence
or absence of ML-7 and PIK, stained for ZO-1, nuclei and Ng, and analyzed by 3D-CFM (F).
Ng subepithelial penetration (arrows) was quantified using 3D-CFM images as the percentage
of epithelial cells with basal Ng staining among the total number of Ng associated epithelial
cells (G). Shown are the average values (=SD) of >50 epithelial cells of endocervical tissue
explants from two to three human subjects. ***p <0.001; **p < 0.01; *p=<0.05.

[0010] Figure 4 shows Ng induce apical junction disruption in polarized epithelial
cells and endocervical tissue explants in a Ca?*- and MLCK-dependent manner. (A and B)
Effects of NMII kinase and Ca”* inhibitors on the distribution of E-cadherin. Polarized T84
cells were untreated or pre-treated with NMII kinase inhibitors, Y27632 (Y) and ML-7 (M),
or a Ca" inhibitor, 2APB, and then apically incubated with MS110pa-+ or AOpa for 6 h in
the presence or absence of inhibitors. Cells were fixed, stained for E-cadherin (E-Cad) and
Ng, and analyzed using 3D-CFM (A). The average fluorescence intensity ratios (FIR) (=SD)
of E-Cad staining at the cytoplasmic to the cell-cell junctional region was determined from
>50 cells of three individual experiments using the NIH ImageJ software (B). (C) The
expression levels of ZO1 in MS110pa+- or AOpa-infected T84 cells were compared using
Western blotting and quantified by the average fold of increases (+SD) in the ratio of ZO1 to
tubulin in cell lysates from three independent experiments. (D-F) Effects of MLCK and Ca**
inhibitors on the membrane lateral movement over the apical junction. Polarized T84 cells
treated with inhibitors as above were apically inoculated with fluorescently labeled Ng for 4 h
and basolaterally stained with CellMask for 15 min (D). Time lapse xz images were acquired
using CFM. Shown are representing images (E) and the average percentage (+SD) of cells
showing the basolaterally stained dye moving over to the apical surface (F) from >50
randomly selected cells of three independent experiments. Scale bar, 5 um. (G-H) Effects of
Ng and the MLCK inhibitor ML-7 on the ZO1 distribution in human endocervical tissue
explants. The tissue explants were untreated or pre-treated with ML-7 (M) for 1 h and
incubated with MS11AOpa for 24 h in the absence or presence of ML-7. Tissues were stained
for ZO1, DNA, and Ng. Shown are representative CFM (G, left panels, arrows to Ng) and 3D
reconstituted images (G, right panels) (Bar, 10 um), and the average percentages (+SD) of Ng
associated cells showing continuous ZO1 staining at the apical region (H), from >15
randomly selected fields (>50 cells) from cervixes of two to three human subjects. ***p
<0.001; **p < 0.01; *p<0.05. (I) Representative CFM images of ZO1 distribution in
exfoliating and surrounding epithelial cells (arrows) of cervical tissues from 4 human

subjects.
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[0011] Figure 5 shows Ng interaction increases the levels of phosphorylated MLC at
the apical junction and apical membrane. (A-D) Polarized T84 cells were untreated or pre-
treated with the ROCK inhibitor Y27632 (Y) and the MLCK inhibitor ML-7 (M) and PIK,
and apically incubated with MS110pa+ and AOpa for 6 h in the presence or absence of
inhibitors. Cells were stained for phosphorylated MLC (pMLC) and Ng and analyzed using
3D-CFM. FIRs of pMLC at the apical to lateral region (A and B) and at the junctional to non-
junctional region (C and D) were determined. Shown are representative xz (A) and Xy images
at the apical junctional location (C), FI maps (C, right panels), and the average FIR (£SD) (B
and D) of >50 cells from three independent experiments. Arrows indicate Ng. Bar, 5 um. (E-
G) Polarized T84 cells were treated with inhibitors and incubated with Ng as above. Cells
were then lysed and analyzed by Western blot probing for MLC, pMLC and B-tubulin. The
blot was quantified by Phosphorimager. Shown are representative blots (E) and the average
fold of increase (=SD) in pMLC:MLC (F) and MLC:tubulin (G) ratios over no Ng control
from three independent experiments. ***p <0.001; **p <0.01; *p<0.05.

[0012] Figure 6 shows the redistribution of active NMII in Ng infected endocervical
epithelial cells of human tissue explants. Human endocervical tissue explants were untreated
or pre-treated with the MLCK inhibitor ML-7 (M) or PIK and incubated with MS11AOpa in
the presence or absence of the inhibitor for 24 h. Unassociated Ng were washed off at 6 and
12 h. The tissue was cryopreserved, sectioned, stained for Ng, pMLC, and DNA, and
analyzed using 3D-CFM. Shown are representative images (A; white arrows, Ng;, orange
arrows, contacts between an exfoliating cell and its neighboring cells; Bar, 10 um) and the
average FIR (+SD) of pMLC at the apical to lateral region (B) from >40 epithelial cells of
cervixes from two human subjects. ***p <0.001; **p <0.01; *p=<0.05.

[0013] Figure 7 shows Ng induced redistribution of active NMII depends on Ca**
flux. (A and B) Polarized T84 cells were incubated apically with or without MS110pa+ or
AOpa in the absence or presence of Ca’" inhibitors, 2APB (10 uM) or BAPTA (50 uM), for 4
h. Cells were incubated with the Ca*" indicator FluoForte and the membrane dye CellMask
and analyzed using 3D-CFM. Shown are representative xz images (Bar, 5 pum) and the
average MFI (£SD) of FluoForte in the cytoplasmic region of >50 cells from three
independent experiments. (C-E) Polarized T84 cells were untreated or pre-treated with the
Ca2+ inhibitors for 1 h and then apically incubated with MS110pa+ or AOpa for 6 h in the
presence or absence of inhibitors. Cells were stained for pMLC and Ng and analyzed by 3D-
CFM. Shown are representative xy (C, left panels) and xz (C, right panels) images (Bar, 5
um) and the average pMLC FIRs (+SD) of apical:lateral (D) and junction:non-junction (E)
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generated from >50 epithelial cells of three independent experiments. ***p <0.001; **p <
0.01; *p=0.05.

[0014] Figure 8 shows the effects of inhibitors of Ca’* flux and NMII
phosphorylation on epithelial exfoliation induced by Opa-expressing Ng. Polarized T84 cells
on transwells were untreated or pre-treated with the ROCK inhibitor Y27632 (Y), the MLCK
inhibitors ML-7 (M), and an inhibitor of Ca’" release from intracellular pools, 2APB, for 1 h
and apically incubated with MS11Opa+ for 6 h in the presence or absence of inhibitors. Cells
were fixed, stained for DNA and Ng, and analyzed using 3D-CFM. Shown are representative
images that intercept both the apical and basolateral surfaces (Scale bar, 10 pm) (A). Based
on cell nuclear staining, the average percentage (=SD) of exfoliated epithelial cells was
determined by counting the number of Ng positive epithelial cells localizing above the
epithelium of T84 monolayers versus the total number of Ng associated cells in randomly
selected fields. Shown are the results from >15 randomly selected fields (>50 individual
cells) from three independent experiments.

[0015] Figure 9 shows treatment of the NMII motor inhibitor blebbistatin, but not the
MLCK inhibitors ML-7 and PIK or the Ca?" inhibitor 2APB induces the exfoliation of
polarized T84 cells in the absence of Ng. Polarized T84 cells were treated with inhibitors for
6 h, fixed, stained to visualize the cell nuclei, and imaged by 3D-CFM. The percentage of cell
moving above the epithelial monolayer (dash lines) was determined from three independent
experiments. Scale bar, 5 um. *p<0.05.

[0016] Figure 10 shows Ng interaction increases the levels of phosphorylated MLC at
the apical membrane of HEC-1-B cells. Polarized HEC-1-B cells were apically incubated
with MS110pa+ or AOpa at a MOI of 10 for 6 h. Cells were fixed, permeabilized, stained for
phosphorylated MLC (pMLC) and Ng, and analyzed using 3D-CFM. The fluorescence
intensity ratio (FIR) of pMLC at the apical to lateral region was determined. Shown are
representative xz images (A) and the average FIR (£SD) (B) of >50 individual cells from
more than three independent experiments. Arrows indicate Ng. Scale bar, 5 um. *p<0.05.
[0017] Figure 11 shows Ng induce the elevation of the cytoplasmic Ca®* in polarized
epithelial cells. Polarized T84 (A and B) and HEC-1-B cells (C and D) were incubated
apically with or without MS110pa+ or AOpa (MOI=10) in the absence or presence of the
Ca?" inhibitor 2APB (10 uM) for 4 h. Then, cells were incubated with the Ca** indicator
Fluo-4 and the membrane dye CellMask and analyzed using 3D-CFM. Shown are

representative xz images (Scale bar, 5 pm) (A and C) and the average mean fluorescence
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intensity (MFI) (+SD) of Fluo-4 in the cytoplasmic region (B and D) generated from >50

individual cells of three independent experiments. ***p <0.001; **p <0.01.

[0018] Figure 12 shows the MLCK inhibitor PIK inhibits Ng penetration into human
endocervical epithelia (A-B) and Ng trans-migration across polarized human epithelial cells
(©).

[0019] Figure 13 shows the MLCK inhibitor PIK suppresses Ng growth.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0020] Unless defined otherwise herein, all technical and scientific terms used in this
disclosure have the same meaning as commonly understood by one of ordinary skill in the art
to which this disclosure pertains.

[0021] Every numerical range given throughout this specification includes its upper
and lower values, as well as every narrower numerical range that falls within it, as if such
narrower numerical ranges were all expressly written herein.

[0022] The present disclosure provides compositions and methods for use in
prophylaxis of sexually transmitted diseases (STDs). In one aspect the disclosure relates to
prophylaxis of NG infection using intravaginal delivery of compositions comprising an
inhibitor of myosin light-chain kinase (MLCK). Such compositions may also comprise ML-
7. In embodiments the inhibitor of MLCK is a peptide that comprises or consists of the
amino acid sequence lys-arg-arg-tyr-lys-tyr-lys-lys-arg (SEQ ID NO:1), or arg-lys-lys-tyr-
lys-tyr-arg-arg-lys (SEQ ID NO:2), either of which may be modified such that at least one of
the amino acids may be a D amino acid and/or such that the peptide contains one or more
non-hydrolyzable bonds, provided that such modified peptides retain at least the same
biological activity relative to the same inhibitor having all L-amino acids and hydrolyzable
bonds. Any peptide used in this disclosure may be present in an amino acid sequence
comprising from 9 to 120 amino acids. Such peptides are described in U.S. patent no.
7,585,844, The descriptions in U.S. 7,585,844 of peptides comprising the sequence of SEQ
ID NO:1 and SEQ ID NO:2 of this disclosure, derivatives thereof comprising substituted
amino acids and D amino acids, amino acid sequences comprising 9 to 120 amino acids, and
methods of making such peptides and derivatives, are incorporated herein by reference. In
embodiments a peptide used in approaches of this disclosure comprises 9, 8, 7, 6, 5, 4, 3, 2 or
1 D-amino acid(s). An amino acid sequence comprising the sequence of SEQ ID NO:1 of
this disclosure, and at least one of its amino acids as D-amino acids is referred to herein as

“PIK” and is described in U.S. patent no. 7,585,844 as “D-PIK (reverse)”. Accordingly the
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disclosure comprises use of an amino acid sequence comprising from 9 to 120 amino acids,
wherein the amino acid sequence comprises SEQ ID NO:1 of this disclosure, wherein at least
one of the amino acids in the 9-120 amino acids is in the D-form.

[0023] US patent no. 7,585,844 describes using PIK and other related peptides for
treating intestinal bacterial infections. Similarly, Zolotarevsky, et al. describes PIK in the
context of intestinal disease (Zolotarevsky, et al, A membrane-permeant peptide that inhibits
MLC kinase restores barrier function in in vitro models of intestinal disease. 2002.
Gastroenterology 123: 163-172). However, intravaginal use of compositions comprising PIK
is distinct from previous disclosures that describe use of PIK in an intestinal environment.
This is because there are a significant number of fundamental differences between epithelial
cells in the intestine and epithelial cells in the female reproductive tract. These differences
relate to differentiation, morphology, physiological functions, and regulation, among other
factors.

[0024] In more detail, epithelial cells covering the intestine and the reproductive tract
are very different. While the intestinal epithelial cells are relatively homogenous, single
layered columnar epithelial cells with dense microvilli, epithelial cells in the female
reproductive tract, even only the cervix that is the primary location for microbial infection,
vary from multilayered squamous, multilayered transformational, and single layered
columnar, as well as ciliated and non-ciliated. Therefore, the barrier function of these
epithelial cells is mediated and regulated by different mechanisms. (Blaskewicz CD, Pet al.,
Biol Reprod. 2011. 85(1):97-104; Corbeil LB, et al, Tissue Cell. 1985. 17(1):53-68).
Further, the functions and properties of the epithelial cells in the female reproductive tract,
but not the intestine epithelial cells, are regulated heavily by sex hormones, including
estrogen, progesterone, and lutropin. (Patton DL, et al. Am J Obstet Gynecol. 2000.
183(4):967-73; Wira CR, et al. Am J Reprod. Immunol. 2010. 63(6):544-65; Wira CR, et al,,
Nat Rev Immunol. 2015. 15(4):217-30). Further still, epithelial cells in the female
reproductive tract express and secrete different proteins. For example, cervical epithelial cells
secrete a greater amount of mucus than the intestinal epithelial cells, and the mucus secreted
by the cervical epithelial cells has different biochemical composition from those by the
intestine epithelial cells and are uniquely regulated by sex hormones. (Zegels G, Vaet al.,
Proteome Sci. 2009. 7:17; Eschenbach DA, et al, Clin Infect Dis. 2000. 30(6):901-7;
Chappell CA, et al., Am J Obstet Gynecol. 2014. 211(3):226.e1-7. Epithelial cells in the
female reproductive tract also have unique immune sensor functions. (Fung KY, et al.,

Science 2013. 339(6123):1088-92;
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Wira CR, et al., Am J Reprod Immunol. 2010. 63(6):544-65). Structurally, immune cells in
the female reproductive tract are not organized into lymphoid tissues like Peyer patches in the
intestine. The immune cells distribute and function differently at different anatomic locations
of the reproductive tract, and their immune functions are severely suppressed to
accommodate the semen and fetus. (Iijima N, et al., Mucosal Immunol. 2008. 1(6):451-9;
Marks E, et al., PLoS Pathog. 2010. 6(11):e1001179; Lesmeister MJ, et al., Reprod Biol
Endocrinol. 2005. 29;3: 74); Wira CR, et al., Nat Rev Immunol. 2015. 15(4):217-30.

Notably, different microbiomes colonize the mucosal surface of the intestine and the female
reproductive tract. (Brotman RM, et al., J Clin Invest. 2011. 121(12):4610-7; Lamont RF1, et
al., BJOG. 2011. 118(5):533-49; Nunn KL, et al,, Yale J Biol Med. 2016. 89(3):331-337),
and what is more, different microbial pathogens infect the human intestine and the human
cervix. The human intestinal microbial pathogens, including enteropathogenic £.

Coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibrio cholerae, Yersinia, Clostridium
difficile, and Shigella flexineri, do not infect the mucosal surface of the female reproductive
tract. The sexually transmitted microbial pathogens, Neisseria gonorrhoeae, Treponema
pallidum (syphilis), and Chlamydia trachomatis primarily infect from the mucosal surface of
the genital tract, but not the intestine. Thus, the skilled artisan will recognize that the
approach of the present disclosure is distinct from previous uses of PIK.

[0025] In general the present disclosure comprises intravaginal administration of a
composition comprising PIK for prophylaxis and/or therapy, and compositions and kits useful
for such administration. In certain approaches the present disclosure provides for prophylaxis
of a bacterial infection. “Prophylaxis” as used herein means complete or partial prevention of
a bacterial infection or disease caused by the infection, or complete or partial prevention of
the development of symptoms of that infection or disease, or a delay in the onset of an
infection or disease caused by the infection, or its symptoms. In embodiments, a prophylactic
effect comprises inhibiting Ng from damaging the vaginal and/or cervical epithelial barrier
and/or Ng penetrating into cervical tissue. “Effective amount” means an amount of PIK
sufficient to result in the desired response. In certain embodiments methods of the invention
are also suitable for achieving a therapeutic response, meaning a reduction of Ng growth in an
individual who has an existing Ng infection. In embodiments compositions comprising PIK
include PIK in from 1 pM to 250 uM concentrations. In non-limiting embodiments PIK is
used in an effective amount as a concentration on the human endocervical tissue of about 100

uM to 250 uM. Volumes will be dictated by the area of the cervical surface. In
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embodiments, and based in part on volume of vaginal antifungal cream, the volume of a 100
uM to 250 uM composition comprising PIK will be from 1-50 ml. In embodiments, the
composition comprises approximately 1.6 oz, or 47 ml. In certain and non-limiting examples,
practicing a method of this disclosure results in a reduction of Ng -associated urethritis,
vulvovaginitis, and/or a reduction of purulent discharge, and/or dysuria. In embodiments, the
disclosure results in inhibition of endocervical infection. In embodiments, the disclosure
results in inhibiting Ng adherence, such as inhibiting attachment to microvilli of nonciliated
columnar epithelial cells, and/or penetrance of epithelial cells. In embodiments, the
disclosure results in an inhibition of parasite-directed endocytosis. In embodiments, the
disclosure results in a reduction in bacteremia and/or disseminated bacterial infection. In
embodiments the disclosure results in a reduction in asymptomatic infections of the vagina,
urethra and/or cervix. In embodiments the disclosure pertains to administering compositions
described herein to an individual in need thereof. Such an individual may be, for example, at
risk for contracting an STD, including but not necessarily limited to Ng. In embodiments it is
considered that practicing the invention can result in a lowering and/or prophylaxis of
infections caused by pathogenic agents that are known to cause co-infection with Ng, such as
Chlamydia, syphilis, and human immunodeficiency virus (HIV).

[0026] Aspects of the disclosure are illustrated by demonstrating that PIK and ML-7
can prohibit Ng from damaging the epithelial barrier and penetrating into human cervical
tissues, which are important steps for Ng to establish penetrating infection (Fig. 3 and 12). In
addition, the disclosure demonstrates that PIK suppresses Ng growth (Fig. 13).

[0027] Compositions of this disclosure comprise PIK and/or ML-7 and additional
components that are not particularly limited, other than a requirement that the composition be
suitable for intravaginal administration. Thus, in embodiments the disclosure comprises
contacting the vaginal epithelium directly with PIK, and as such PIK can be combined with a
wide variety of components and provided in numerous formulations / delivery devices. Any
form of drug delivery system which will effectively deliver PIK and/or ML-7 to the vaginal
epithelium and mucosa is included within the scope of this invention.

[0028] In certain embodiments the disclosure comprises a vaginal drug delivery
device and/or system which provides a sustained delivery of PIK and/or ML-7 to the vaginal
epithelium and mucosa. The delivery system can comprise any suitable device including but
not necessarily limited to a tampon applicators formed from molded plastic, tampons,
tampon-like devices, vaginal rings, diaphragms, cervical cups or vaginal sponges. Such

devices can include PIK in any suitable formulation, such as a paste, cream, ointment,
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microcapsules, solution, powder, or gel, etc. In some examples the PIK and/or ML-7
formulation will have a sufficient thickness to maintain prolonged vaginal epithelium and
mucosa contact. Alternatively, the drug can be incorporated into a coating on a tampon or
tampon-like device, sponge, suppository or other absorbent material impregnated with a PIK
and/or ML-7 containing solution, lotion, or suspension, which in certain approaches can be
shaped into a tampon-fitting device. In certain examples, PIK and/or ML-7 is provided in
association with fibrous material, which may be synthetic or natural, and can include but is
not limited to rayon, polyester and cotton. PIK and/or ML-7 can be incorporated into
sanitary napkins. Thus, the disclosure includes a variety of devices that can be used as
applicators of PIK- and/or ML-7-comprising compositions.

[0029] PIK and/or ML-7 containing formulations can also be provided separately
from a device or as a component of a kit with a device. The formulations can be any suitable
compositions which include but are not necessarily limited to gels, hydrogels, creams,
ointments, pastes, solutions, etc. In general, in order to achieve desirable compound release
such that it can act directly act on or target bacteria on the vaginal epithelium and/or mucosa
PIK and/or ML-7 can be included in a pharmaceutical formulation that comprises a
pharmaceutically acceptable excipient. Examples of suitable excipients are well known in
the art and are described in, for example, Garg S, et al. Compendium of Pharmaceutical
Excipients for Vaginal Formulations, Pharmaceutical Technology DRUG DELIVERY
(2001), p.14-24, from which the description of excipients is incorporated herein by reference.
Kits contain a composition comprising PIK and/or ML-7, and may further comprise a
delivery device for intravaginal administration of the composition comprising PIK and/or
ML-7. The composition comprising PIK and/or ML-7 may be provided with the kit as a
component of the device, or PIK and/or ML-7 may be provided in a separate container for
combining with the device prior to use. Kits can further comprise printed instructions for
using the composition/device for intravaginal administration.

[0030] Formulations of the invention may comprise mucoadhesive agents to bring the
released drug into prolonged, close contact with the mucosal surface. Numerous
mucoadhesive agents are known in the art and can be adapted for use in compositions,
devices and methods of this disclosure. For example, Kavitha et al., 2011, Novel
Mucoadhesive Polymers —A Review, Journal of Applied Pharmaceutical Science 01 (08);
2011: 37-42, describes various mucoadhesives that can be used. In non-limiting examples

suitable natural mucoadhesive polymers include tragacanth, sodium alginate, karaya gum,
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guar gum, xanthan gum, soluble starch, gelatin, pectin, cellulose, chitosan, etc. The
mucoadhesive agent can be a cellulose derivative, such as hydroxypropyl methylcellulose.
[0031] Other components may be present in the compositions of this invention such
as water, anti-oxidants, chelating agents, preservatives, oils, waxes, alcohols, surfactants,
emulsifiers, viscosity building agents, solvents, moisturizing agents, solubilizers and the like,
antiseptic chemicals, and other specific components, such as propylenes, polypropylenes,
polysorbates, and a variety of simple polyol compounds, i.e., glycerol. The relative quantities
of such components may vary according to the desired nature and consistency of the
composition, including creams, ointments, waxy suppositories, gelatin capsules, anhydrous
polymeric suppositories and the like. In certain embodiments buffered forms of the
compositions of this