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(57) Abstract: The invention provides compositions for rendering a vitreous cavity visible during a surgical procedure to alleviate a
structural disorder caused by the vitreous in an eye, and methods of using the compositions. The compositions are vitreous delineat -
ing agents that comprise a hyaluronan binding peptide linked to an optically detectable moiety. Such compositions can be in a for-
mulation that may be a solution, a suspension, or an emulsion, and would be injected into the vitreous shortly prior to use. The com -
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or delineates the vitreous by binding preferentially to the hyaluronan that permeates the vitreous humor and binding little or not at ail
to surrounding tissues such as the retina. The interface between the labelled vitreous humor and the non-labelled surrounding vital
tissues produces a visible signal, thereby allowing a surgeon to clearly visualize the entire vitreous cavity and distinguish it from vi-
tal ocular structures. Use of the method improves the accuracy and safety of a vitrectomy and thus prevents suboptimal outcomes or
the need for repeated procedures. The compositions comprising chemosensing material are usetul as long- lasting biosensors, which
when used in the vitreous enable repetitive, non-invasive, in vivo measurements of metabolites or pharmacologic agents in the vit-
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COMPOSITIONS AND METHODS FOR VISUALIZATION OF THE VITREOUS

FIELD OF THE INVENTION

The invention relates {o compositions, methods, and uses for protein-based,
long-lasting agenis for injection into the wviltreous humor in mammalian eyes. The
invention also relates to the use of such compositions during ophthalmic surgery, for

example, during vilrectomy surgery, and their use ags biosensors.

BACKGROUND OF THE INVENTION

in the eye, the cavily belween the lens and the retina is filled with a clear, jelly-
like subsiance termed the vitreous body, vitreous humor, or vitreous. its volume is fixed
and is relatively permanent. The vilreous humor is 89% water, with most of the remaining
1% composed of salls (sodium, chloride, bicarbonate, etce)), collagen, and hyaluronan
(hvaluronic acid). The collagen and hyaluronan give the vitreous is gel-like consistency
and high viscosity. The ouler surface of the vitreous is normally weakly adherent to the
retina and ciliary body, with a somewhat tighter attachment at the macula, at the far
periphery of the retina near the ora serrata, and at the pars plana of the ciliary body. In
pathological conditions such as rhegmatogenous retinal detachment, macular hole,
vitreomacular traction syndrome, and proliferative vitreoretinopathy, the attachment of
the vitreous io the retina mediates or facilitates damage o the retina. For example, as
the vilreous ages, its collagen contracts {a process called vitreous syneresis), and the
contraction can produce traction on the retina ultimately inducing a tear or hole in the
retina and a consequeni retinal detachment or macular hole. As another example, the
attachment may serve as a scaffold for fibrous, fibrovascular, or fibroglial proliferation
emanating from the retina, a process called proliferative vitreoretinopathy., The fibrous
membranes in proliferative vitreoretinopathy can confract and cause retinal lears, retinal

holes, and retinal detachments, ali of which can lead o blindness.

A patient suffering from these and some other vitreous-mediated diseases may
benefit from a surgical procedure known as a vitrectomy. Vitrectomy can also be siep in
the process of other types of retinal surgery. Examples include the vilrectomy that
typically accompanies the removal of foreign bodies that may have eniered the wvitreous
body traumatically or latrogenically, or the vitrectomy that accompanies the injection of a
gene therapy vector under the relina, or the vitreclomy performed in eyes with infectious

endophthalmitis to remove microorganisms and make space for the injection of
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antibiotics. However, the surgical procedure of vitrectomy i#tself can produce

complications.

Many surgical procedures of the retina, such as the removal of epiretinal
membranes, reguire complete dissection of the vitreous away from the retina {o be
optimally efficacious. The transparency of vitreous makes it challenging for the surgeon
fo visualize and hence completely remove the vitreous. A surgeon performing a
vitrectomy may not be absoluiely cerlain whether the posterior surface of the vitreous
(called the posterior hyaloid) is completely separated from the retina and whether a
complete vitrectomy has been achieved. VWhile the surgeon atlempts a complete
removal of the vitreous near the retina, he or she may inadvertently cut into the retina
and thereby create iatrogenic retinal defects or holes or possibly remove ireplaceable
neural elements essential for vision. Many surgical techniques have been described
which attempt to aid the surgeon in the removal of the posterior hyaloid during
vilrectomy. These include the use of various cannulas, forceps, or vitreous-cutling
devices with aclive or passive suction applied io engage and separate the posterior
hyaloid from the retina. Ryan &t al have described the use of injected autologous blood
for improved visualization of corlical vitreous during posterior hyaloid separation. None of
these is completely satisfactory. For example, the instiliation of blood into the vitreous
has several drawbacks: blood disperses info the vilreous cavity and is likely to obscure
visualization of the retina during vitrectomy, and it has the polential of causing

postoperative inflammation and proliferative vitreoretinopathy.,

in summary, iatrogenic damage to the retina is still a recognized potential
complication of vitrectomy. A need still exists for a method to surgically remove the
vilreous with improved accuragy, precision, and completeness so that complications, as
well as discomfort, inconvenience, and expense {o the patient, may be minimized. Thus,
methods and agenis to improve the wvisualization of the vitreous during a surgical
procedure, and hence to ensure the accuracy of the procedure, are desirable to achieve

better functional and anatomical cuicomes.

SUMMARY OF THE INVENTION

The invention is directed to g method 1o alleviate a structural disorder of an eye.
in certain aspects, the method comprises injecting a vitreous-delineating compaosition

into the eye in an effective amount to aliow the vitreous 1o be visible 10 a surgeon while
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simultaneously maintaining the view of intraccular structures such as the relina, thereby

enabling the surgeon o alleviate the disorder in a safer and more efficacious manner.

The composition may comprise a therapeutic agent, an inert agent, or an inert
agent that contains a therapeutic agent, such as a microsphere or liposome coniaining a

therapeutic agent.

The composition may be in a formulation such as a solution, an emuision, or a

suspension.

The invention is additionally directed to a composition Tor visualizing a vitreous
cavity in a mammalian eye during surgery. The composition is a vilreous delineating
agent that binds hyaluronan throughout the vitreous humor to render the vilreous gel
visible to the surgeon. The formulation of the composition is preferably injectable, and

may be translucent, fluorescent, phosphorescent, opaque, o semi-opague.

The invention provides a surgical method to alleviate a disorder of an eye caused
or mediated by the vitrecus comprising: injecting into the eye a composition comprising a
peptide that binds hyaluronan (HA) which is linked to an optically detectable moiety. The
dose injected into the eye would provide an amount effective {0 render the vitreous

visible for surgically correcting the disorder by removing the vitreous.

The invention further provides a composition for visualizing the vitreous in a
mammalian eye comprising an injectable formulation of a peptide that binds hyaluronan
(HA} linked 1o an oplically detsclable moiety as a vitreous delineating agent in an

effective amount that associates with HA in the vitreous to render it visible {0 a surgeon.

The invention further provides an ophthalmic composition for visualizing the
vitreous in a mammalian eye comprising a peptide that binds hyaluronan (HA) linked to
an oplically detectable moiety in an effective amount that associates with HA in the
vitreous o render the vitreous visible when a signal is generated by the detsclable

moisiy.

The invention also provides a method of staining the vitreous in a mammalian
eye comprising (a) injecting a composition comprising a peplide that binds hyaluronan
(HA} linked to an optically detectable moiety into the mammalian eve and () applving an
energy source {(e.g., a light or laser lighl) to the eve {0 generate a signal from the

detectable moiety.

in  certain  aspects, the oplically delectable moiety s luminescent,
photoluminescent, electroluminescent, bioluminescent, chemiluminescent, flucrescent,

or phosphorescent, or is a chromogphore,
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in other aspects, the peplide comprises a sequence selected from the group

consisting of:

a) SEQ ID NO: 2, SEQ ID NO: 3, SEQ 1D NO: 4, SEQ [D NO: 5, SEQ 1D NO: g,
SEQID NO: 7, SEQ 1D NO: 8 and SEQ 1D NO: 9, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ
IDNO: 12 and SEQ ID NO: 13; or

b}y 85 consecutive amino acids of the sequence of SEQ 1D NO: 2, SEQ 1D NO: 3,
SEQIDNO: 4, SEQID NO: 5, SEQIDNO: 8, SEQIDNG: 7, SEQG ID NO: 8 and SEQ D
NC: ¢, SEQ ID NG 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13.

In other aspecis, a compuosition of the invention further includes a therapeutic
agent that is, for example, an anti-infective agent, an immunosuppressant agent, an anti-
profiferative agent, an anti-angiogenesis agent, a wound healing agent, an anii-scarring

agent, or combinations thereof,

In one aspect, a composition of the invention is injected prior 1o or during a

vitrectomy.

Anocther aspect of the invention includes peptide tagged molecules linked to
optically detectable moieties. In certain aspects of the invention, the compositions may
comprise a peptide that binds, or is capable of binding, hyaluronan (HA). In certain
aspects the HA peplide composition binds HA in the eye with a KD of less than or egual
to 100 uM, 80 uM, 80 pM, 70 uM, 60 pM, 50 uM, 40 pM, 30 pM, 20 M, or 10 M. In
ceriain preferred embodiemnts, a composiiion of the invention binds HA in the eye with a
KD of less than or egual to 9.0 uM. For example, the peptide can bind HA with a KD of
less than or equal {o, 8.5 ylM, 8.0 uM, 7.5 uM, 7.0 uM, 6.5 g, 6.0 uM, 5.5 uM, 5.0u uM,
4.5 uM, 4.0 uM, 3.5 uM, 3.0 uM, 2.5 M, 20 pM, 1.5 uM, 1.0 uMor 0.5 uM. Inone
aspect the peptide binds HA with a KD of less than or equal 1o 8.0 uM. In one aspect the
peptide binds HA with a KD of less than or equal to 7.2 uM. In one aspect the peptide
binds HA with a KD of less than or equal {o 5.5 uM. In cerlain specific aspects, the
peptide may comprise g sequence of SEQIDNO: 1,2, 3,4,5,6,7, 8,8, 10, 11, 12, or
13. H#is alsc contemplated that the peptide tag is linked to a therapeutic agent, such as

a protein or a nucleic acid.

These and other aspects of the invention will be apparent in light of the following

figures and detailed description.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows time related relative fluorescence change, especially in the vitreous
body of rabbit eyes after IVT administration of a compaosition of the invention at 2.5 ug

(mean value, n=6 eyes).

FIG. 2 demonstrales time related relative fluorescence change, especially in the
vifreous body of rabbit eyes after IVT administration of a composition of the invention at

5 ng {mean value, n=8 eyes).
FIG. 3A is a photo of a rabbit eye before being injected with a composition of the
invention.

FIG. 3B is a photo of a rabbit eye using autofluorescence wide angle imaging and

80% gain before being injected with a composition of the invention.

FIG. 4Ais a photo of a rabbit eve using autofluorescence wide angle imaging and

80% gain 16 hours after being injected with 2.5 pg of a composition of the invention.

FIG. 4B is a photo of a rabbit eye using autoflucrescence wide angle imaging and

80% gain 16 hours afier being injected with 5 pg of a composition of the invention.

FIG. BA is a photo of a rabbit eye using autofluorescence wide angle imaging and

80% gain 24 hours after being injected with a composition 2.5 ug of the invention.

FIG. 5B is a photo of a rabbit eye using autoflucrescence wide angle imaging and

80% gain 24 hours afier being injected with 5 pg of a composition of the invention.

FIG. 6A is a photo of a rabbit eye using autefluorescence wide angle imaging and

80% gain 48 hours after being injected with a composition 2.5 ug of the invention.

FIG. 6B is a photo of a rabbit eye using autoflucrescence wide angle imaging and

80% gain 48 hours after being injected with 5 pg of a composition of the invention.

FIG. 7A is a photo of a rabbit eye using autefluorescence wide angle imaging and

80% gain 72 hours after being injected with a composition 2.5 ug of the invention.

FIG. 7B is a photo of a rabbit eye using autoflucrescence wide angle imaging and

80% gain 72 hours after being injected with 5 pg of a composition of the invention.
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DETAILED DESCRIPTION

Compositions comprising a peptide that binds hyaluronan (HA)} linked fo an
optically delectable moiety are provided. As described herein, in certain embodiments a
composition of the invention can be used, for example, as a vitreous delineating
composition (for example (o facilitate ocular surgery), as a sensor composition (for
example {0 monitor and assess the presence of a desired analyie in the vilreous), and as

a intravitreal pH assessing composition.

The use of one or more vilreous delineating compositions comprising a peptide
that binds hyaluronan (HA) linked {o an oplically detectable moiety {o improve
visualization of the vitreous during surgery to alleviate a structural disorder of an eye is
disciosed. Delineation of the vilreous assists the surgeon in separation of the posterior
hyaloid and complete removal of vitreous during a procedure such as a pars plana
vitrectomy. The composition is introduced into the vitreous and binds to hyaluronan in
the eye throughout the vitreous humor, increasing the visualization of the wilreous
throughout. The visible vitreous delinealing agent, provided for example as a solution,
suspernsion or emulsion, diffuses throughout the vitreous over the course of a few hours.
in doing so, the vitreous is now in sharp contrast with the fundus and allows the surgeon
to clearly distinguish the vitreous from the retina. The localization of the compaosition {o
the viireous and not the reting is due to the composition’s affinity for hyaluronan and the
miuch higher concentration of hyaluronan in the vitreous compared to the retina or o any
other ocular structures. in fact, the hyaluronic acid concentration in the vitreous (0.1 {0
0.4 mg/mi) is higher than almost any other tissue of the human body.  The delineating
composition is preferably an inert agent, lacking pharmacologic activity thereby making it
safe and not associated with toxicity or adverse reactions prior to or during a surgery.
The composilion is preferably delivered info an eye by injection. 1t diffuses through the
vitreous and forms reversible complexes with hyaluronan in the vilreous. Because the
composition can be colored or otherwise optically apparent {e.q., innately or detectable
upon contact with an energy source), it delineates or demarcates the vitreous and in
effect "lights up" the vitreous humor by a visible signal generated by the optically
deteciable moiety under the appropriate conditions. This improves visualization of the
vitreous and its posterior hyaloid for the surgeon. In cerlain embodiments, a vitreous
delineating composition of the invention can be visualized episodically or transiently at
any time during surgery and at the will of the surgeon by the surgeon or surgical
assistant applying an energy source such that the composition exhibits fluorescent
properties. In certain embodiments, a vitreous delineating composition of the invention

can be visualized continually, for example during the course of a surgery.
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in certain embodiments, a composition of the invention can be rendered visibie to
the surgeon during surgery. For example, the composition is injected before or during a
surgery, and an energy source {(such as a light) can be used to excite an oplically
detectable moiety of a composition of the invention thereby causing the moiety {o exhibit
fluorescent properties. Visualization may be with the naked eye or with the assistance of
instrumentation such as an operaling microscope depending on the moiety used in a

composition of the invention.

One of skill in the art can readily determine a suitable deteclable substance as an
optically detectable moiety based on the intended use of a composition of the invention.
For instance, in a surgical method of the invention, a composition comprising a
flucrescent moiety may be preferred, thus enabling a surgeon 1o view the vitreous at will
by turning on a light energy source with a particular wavelength and intensily 1o excile
the substance for visualizing the vitreous at any time during a surgery, and turning off the
light energy source so the composition is not visible when necessary during the surgical
procedure. If a surgeon removed vitreous as part of the procedure {(l.e., during a
vifrectomy), the agent would disappear along with the vitreous. Regions of vilreous
cavity with residual vitreous could be easily recognized and the surgeon could devole
attention 1o those areas. Complete absence of the color or fluorescence in the vitreous

would indicate that the vitrectomy was complete.

Vitreous concentrations of drugs correlate with their concentrations in blood, with
the comrelations dependent on physicochemical properiies of the drugs (e.g., their
solubility and lipophilicity). Forensic specialists somelimes measure the levels of drugs
or toxins in the vilreous as a surrogate to measuring them in the biood (for example, see
Knittel ef al., 2009, J. Anal Toxicol 33:434-438).  Accordingly, a sensor composition of
the invention as described herein can be used {o measure metabolic and pharmacologic
changes in the eye and in the body once residing in the vitreous. A composition of the
invention can be used to assess and monitor in vivo drugs and/or metabolites in the
vitreous, thus providing long-lasting “biosensors” in the vilreous that provide a visual
signal correlating with a chemical compound of interest. Compositions of the invention
can be used, for example, o allow in vivo, repeated measurements in animals thereby
reducing the numbers of animals typically used for such studies and improving the

accuracy of the measurements, since each eye can be followed longitudinally over time.
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Compositions

In certain embodiments, the invention provides a composition comprising a

peptide that binds hyaluronan (HA} linked to an optically detectable moiety.

A composition of the invention can further comprise a therapeutic agent and/or an
inert substance in addition o an HA-binding peptide with or withoul an optically

detectable moiety.

As used herein, the term "therapeutic agent” refers 10 & compound, such as a
protein, nucleic acid or small molecule, useful to treat, prevent or ameliorate a disease,
condition or disorder. Non-imiting examples of a therapeutic agent useful in a
composition of the invention include an anti-infective agent, an #mmunosuppressant
agent, an anti-proliferative agent, an anti-angiogenesis agent, a wound healing agent,
and an anti-scarring agent. Combinations thereof can also be included in a composition

of the invention.

As used herein, the term “inert substance” refers 0 a substance that is
chemically and pharmacologically inactive in the eye, including but not limited to a blank
microsphere or liposome. An inert substance useful in a composition of the invention is
a substance that is visible or can be rendered visible during the surgical procedure. A
combination of therapeutic agents and inert substances can be used (for example, a

microsphere or liposome containing any of the above therapeutic agents).

A composition of the invention can further comprise a diagnostic agent. The
diagnostic agent can be used to detect, assess, and/or monitor progression of a disorder

or disease of the eye.

Optically deleciable moieties

As used herein, an “optically detectable moiety” is any substance that can be
detected when exposed to certain conditions, and can be a contrasting agent. In certain
embodiments, the optically deteciable moiety is luminesceni, photoluminescent,
electroluminescent, bisluminescent, chemiluminescent, fluorescent, or phosphorascent,
or is a chromophore. For example, a fluorescent moiety can be excited by exposure (o
an energy source {e.g., a lighl) having a specific wavelength and intensity, thereby
enabling the composition of the invention t0 be seen, for example using a surgical
microscope with particular filters as known in the art. A confrasting agent is a substance
that is opague, for exampie, {0 visible light, or is otherwise visibly distinguishable from

the vitreous under certain conditions {e.g., in visible light).
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Detectable substances suitable for use in a2 composition of the invention include,
but are not limited 1o, various enzymes, such as, buf not limiied to, horseradish
peroxidase, alkaline phosphatase, beta-galaciosidase, or acetyicholinesierase;
prosthetic groups, such as, but not limided o, streptavidinibiotin and avidin/biotin;
fluorescent materials, such as, but not limited to, umbelliferone, fluorescein, flucrescsin
isothiocynate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chioride or
phycoervihrin, luminescent materials, such as, but not limited to, luminol, bicluminescent
materials, such as bul not limited to, luciferase, luciferin, and aequorin; radioactive
materials, such as, but not limited to, iodine (1311, 1251 1231, and 1211,), carbon (14C},
sulfur (35S), trittum (GH), indium (115in, 112in, 112in, and 111in,}, technetium (887¢),
thallium (2017, gallium (B8Ga, 6§7Ga), palladium (103Pd), molybdenum (88Mo), xenon
(133Xe), fluorine (18F), 15838m, 177Ly, 1598Gd, 149Pm, 140La, 175Yb, 166Ho, 80Y,
47Sc, 186Re, 188Re, 142 Pr, 105Rh, 87Ru, 68Ge, 57Co, 65Zn, 853, 32P, 153Gd,
189D, 51Cr, 540Mn, 758e, 1138n, and 117Tin; phosphorescent materials, such as but
npot limited to those including pigments like zinc sulfide or strontium aluminate;
halochromic molecules that change color based on pH, such as but not limited to
phenolphthalein; and positron emilting metals using various positron  emission

tomographies, and non-radicactive paramagnetic metal ions.

Further, a colored substance can be used in a composition of the invention as the
optically detectable moiety. As used herein, a “colored substance” preferably has no
bicactivity, and is present in a sufficiently low dose so as to maintain visualization of the
fundus when injected into the eye. Examples of colored substances that can be used in

a composition of the invention include polylactic acid particles and polvlactic acid.

in certain embodiments, an HA-binding peptide is linked 1o an halochromic
molecule, and is useful for determining the pH in a mammalian eve non-invasively and in
vivo. Halochromic molecules change color according to the pH of their environment. In
a preferred embodiment, the halochromic molecule can change oolor, and is therefore
deteciable, in the physiologic pH range of around 7.0 to 76. A single intravitresl
injection of a composition of the invention can be used to repeatedly measure intraccular
pH over the course of hours, days, and weeks by checking the color of the vilreous at

desired time points.

in certain other embodiments, an HA-binding peptide is linked to a flucrescent
chemosensing material.  Such sensor compositions are useful for monioring the
presence of g desired chemical species as described, for example, in Basabe-Desmonts
et al, 2007, Chemical Sociefy Reviews 38:983-1017, the contents of which are

incorporated by reference in its entirely.
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Suitable chemosensing materials inciude, but are not limiled to, fluorescent
polymers, solgel materials, mesoporous materials, surfactani aggregates, silica and

polymer-based nanoparticles, and quantum dots.

A sensor composition of the invention can be designed {0 measure any desired
compound, such as therapeutic drug and physiclogic metabolites. Such sensors can be
useful for monitoring and assessing the presence of certain molecules for days, weeks,
and months afier injection into the eye or afier entering the eve from the blood or from
pericoular tissues such as the conjuncliva or orbilal tissues, provided that the sensor is
linked 1o a peptide like HA10 that mediates a long residence time in the vitreous, as
described herein.  Slandard optical iechniques, such as bul not limited 0 a
flucrophotometer instrument, can be used o monitor fluorescence of a sensor
composition of the invention. Sensing the vitrecus levels of desired sensed materials
can be used to monitor and assess ooular processes as well as processes elsewhere in
the body, such as the metabolic state of a patient or exposure to systemic drugs or
locally administered drugs. A sensor compaosition of the invention can also be useful in
personalized medicine for therapeulic drug monitoring as desocribed, for example, in
Griss ef al, 2014, Nature Chemical Biology, published online June 8, 2014, DOL
10 1038/NCHEMBIO. 1554, the conients of which are incorporated by reference in its

entirety. The compositions are also useful in research to monitor the siatus of an

animal’s physiologic state during experimental manipulations.

Accordingly, the invention provides a method of monitoring analyies in the eys.
Such methods are useful, for example, to facilitate pharmacokinetic siudies of
therapeutic drugs injected inlo the eve, applied topically to the eye, or reaching the eve

through systemic administration.

Hvaluronan (HA)Y binding peptide {ags

The term “hyaluronan” or “hyaluronic acid” or “HA” refers io a large polymeric
glycosamine containing repeating disaccharide unils of MN-acetyl glucosamine and
glucuronic acid that occurs in exdracellular matrix and on cell surfaces. Hyaluronan is
further described in J. Necas, L. Bartosikova, P. Brauner, Jd. Kolar, Velerinamni Medicina,
83, 2008 (8): 397-411.

The term “*hyaladherin”® or “hyaluronan binding proteins” or "HA binding protsins”
refers to a protein or a family of proteins that bind hyaluronan. Examples of pulative HA
binding proteins are known in the ar (Day, et al. 2002 J Bio.Chem 2777, 4585 and
Yang, ef al. 1994, EMBO J 13:2, 286-288) (e.g.. Link, CD44, RHAMM, Aggrecan,
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Versican, bacterial HA synthase, collagen VI, and TSG-8). Many putative HA binding
proteins, and peptide fragments, contain a common structural domain of ~100 aming
acids in length involved in HA binding; the structural domain is referred to as a "LINK
Domain” (Yang, ef al. 1994, EMBO J 13:2, 286-296 and Mahoney, ef al 2001, J
Bio.Chem 276:25, 22764-22771). For example, the LINK Domain of TSG-8, an HA

binding protein, includes amino acid residues 38-128 of the human TSG-6 sequence.

in cerfain embodiments, a composition of the invention comprises at least one
hyaluronan (HA) binding peptide that specifically binds hyaluronan in the eve,
Hyaluronan is present in the body in various sizes in many organs in tissues. For
example, the human eye and synovial fluid confain the highest concentrations of
hyvaluronan with 0.14-0.338 mg/ml in the vitreous and 1.42-3.6 mg/mi in joinis,
respectively, while other tissues and fluids contain much lower concentrations of
hyaluronan such as serum in which hyaluronan concentrations are 0.00001-0.0001
mg/mi (Laurent and Fraser, 1886 Ciba Found Symp. 1986;124:89-29). Non-ocular
hyaluronan mainly consisis of low molecular weight polymers that are rapidly degraded
and turned over. In humans, hyaluronan has a half-life of 2.5-5 minutes in blood (Fraser
JR, Laurent TC, Pertoft H, Baxter E. Biochem J. 1881 Nov 15;200(2):415-24.}. In
contrast, ocular hyaluronan mainly consists of high molecular weight polymers (>0.5 X
1075 daltons) and has a slower turnover rate of days or weeks (Laurent and Fraser, Exg.
Eve Res. 1983, 38, 493-504). Due io these differences in the size and turnover of
hyaluronan in the eye, the hyaluronan in the eye would serve as g susiained release

scaffold for intravitreal proteins and nucleic acids linked o an HA-binding peptlide.

Putative hyaluronan binding proteins have been described in the art (J. Necas, L.
Bartosikova, P. Brauner, J. Kolar. Veterinami Medicina, 53, 2008 (8): 387-411);
examples are tumor necrosis factorinducible gene 6 protein (TSG8), hyaluronan
mediated motility receptor (RHAMM), CD44 antigen, hvaluronan and proteoglycan link
protein 4, neurccan core protein, atabilin-2, and human glial hyaluronate-binding protein.
However, the HA-binding domains of several pulative hyluronan binding proteins tested
did not bind HA, and they failed {0 increase the ocular half-life of proteins or nucleic acids
linked to the putative HA-binding peptides. The present invention is based on the
surprising discovery of peptides that effectively bind HA in the eye. This discovery
prompied the secondary discovery that their use would delineate the vitreous when
linked o a suitable optically detectable moiety, and thus would be suitable for facilitating
ocular surgery where it is advaniagecus to visualize the vitreous, such as during a

vitrectomy, or for use as long-lasting biosensors in the vitreous in the eye,
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In certain aspects of the invention the peptide tag binds HA in the eye with a KD
of less than or equal to 100 uM, 80 uM, 80 uM, 70 pM, 60 pM, 50 uM, 40 pM, 30 uM, 20
uM, or 10 uM. In particular, a composition of the invention can bind HA in the eve with a
KD of less than or equal to 9.0 UM, less than or equal to 8.5 uM, less than or equalic 8.0
ulM, less than or equal to 7.5 uM, less than or equal to 7.0 uM, less than or equalic 8.5
ulM, less than or equal to 6.0 uM, less than or equal to 5.5 uM, less than or equal o 5.0
ubd, less than or eqgual to 4.5 uM, less than or equal 10 4.0 uM, less than or equal 1o 3.8
ubd, less than or eqgual to 3.0 uM, less than or equal 1o 2.5 uM, less than or equal ic 2.0
ubd, less than or egual to 1.5 uM, less than or equal to 1.0 uM, less than or equal ic 0.5
ubd, or less than or equal to 100 nM.  In more specific aspects, for example, the peptide
binds HA in the eye with a K[ of less than or equal to 8.0 yM, less than orequalic 7.2
1, less than or equal to 6.0 uM, or less than or equal to 5.5 uM. in some aspecis of the
invention the peplide that binds HA has a LINK domain. In cerlain other aspects of the
invention the LINK domain is a TSG-6 LINK domain. Modified versions of the peptide
that also resist proteociviic cleavage and/or glycosylation can be ulilized, or that facilitate
manufacture of the peptlides. More specifically the invention may include a peptide that
binds, or is capable of binding, HA comprising a seguence of SEQ ID NGO 1,2, 3, 4, 5,6,
7,8,9, 10, 11, 12, or 13. it is contemplated that the peplide comprising a seguence of
SEQIDNGC:1,2,3, 4,5,6,7,8,9,10, 11, 12, or 13, binds, or is capable of binding, HA
in the eye of a subject. I is contempiated that the peptide may be any one of the
peptides listed in Table 1. More specifically, the peptide may be HA1C, HA10.1, HA10.2,
HATY, HATT 1, HA 1011, NVS-A, NVS-X, NVS-Y, NVS-AX, NVS-AY, HA 11 APP
(MBG100), or HA 11.HIS (MBG103). HA-binding peptides useful in a composition of the
invention are also described in U.S. Application Serial No. 14/108428, the entire contents

of which are incorporated by reference.

in certain embodiments, the HA-binding peptide is or comprises the underlined
portion of sequences in SEQ 1D NOs: 6, 12, or 13,

TABLE 1
Sequences
SEQID NO: 1 Protein | GVYHREARSGKYKLTYAEAKAVCEFEGGHLA
1 TYKQLEAARKIGFHVCAAGWMAKGRVGYRIV
(HA10) | KPGPNCGFGKTGIDYGIRLNRSERWDAYCY
NPHAK
SEQID NO: 2 Protein | GVYHREAQSGKYKLTYAEAKAVCEFEGGHL
2 ATYKOQLEAARKIGFHVC AAGWMAKGRVGYPI
(HA10.1 | VKPGPNCGFGKTGHDYGIRLNRSERWDAYC
} YNPHA
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SEQIDNC: 3 Protein | GVYHREAASGKYKLTYAEAKAVCEFEGGHLA
3 (HA TYKGLEAARKIGFHYCAAGWMAKGRVGYPIV
10.2) KPGPNCGFGKTGHEDYGIRLNRSERWDAYCY
NPHA
SEQIDNO: 4 Protein | ACGVYHREAQSGKYKLTYAEAKAVCEFEGG
4 HLATYKQLECARKIGFHVCAAGWMAKGRVG
HA 11 | YPIVKPGPNCGRGKTGHDYGIRLNRSERWDA
YCOYNPHA
SEQIDNOC: S Protein | GVYHREAQSGKYKLTYAEAKAVCEFEGGHL
5 CTYKQLEAARKIGFHVCAAGWMAKGRVGYPI
(HA VKPGPNCGFGKTGHDYGIRLNRESERWDAYC
11.1) CNPHA
SEQIDNC: & Protein | GGGGGGSGEEEYYHREAQSSKYYLTYAEA
6 KAVCEFEGGHLATYKQLEAARKIGFHVCAAG
{HA WMAKGRVGYPIVKPGPNCGFGKTGHDYGIRL
10.1.1) | NRSERWDAYCYNPHAGGSHHHNHHH
SEQIDNO:Y Protein | ACGVYHREAQSGKYKLTYAEAKAVCEFEGG
7 HLATYKQLECARKIGFHVCAAGWMAKGRVG
NVS-A | YPIVKPGPNCGFGKTGHDYGIRLNRSERWDA
YCOYNPHA
SEQIDNOC: 8 Protein | GVYHREAISGKYYLTYAEAKAVCEFEGGHLA
8 TYKQLLAAQKIGFHVCAAGWMAKGRVGYPIV
NVE-X KPGPNCGFGKTGHDYGIRLNRSERWDAYCY
NPHA
SEQIDNC: 8 Protein | GVYHREAISGKYYLTYAEAKAVOEFEGGHLA
g TYKGLQAAQKIGFHVC AAGYWMAKGRVGYPIV
NVE-Y | KPGPNCGFGKTGHDYGIRLNRSERWDAYCY
NPHA
SEQ ID NO: 10 Protein | ACGVYHREAISGKYYLTYAEAKAVCEFEGGH
10 LATYKQLLAAGKIGFHVOCAAGWMAKGRVGY
NVS-AX | PIVKPGPNCGFGKTGHDYGIRLNRSERWDAY
CYNPHA
SEQ D NO: 11 Protein | ACGVYHREAISGKYYLTYAEAKAVCEFEGGH
11 LATYKQLQAAQKIGFHVC AAGWMAKGRVGY
NVE-AY | PIVKPGPNCGFGKTGHDYGIRLNRSERWDAY
CYNPHA
SEQID NC: 12 Protein | GGGGGGSGEGALGYYHREAQSGKYYLTYA
12 EAKAVCEFEGGHLATYKQLECARKIGFHYCA
{HA AGWMAKGRVGYPIVKPGPNCOGFGKTGHDYG
11.APP) | IRENRSERWDAYCYNPHAGGSEFRHDS
MBG10
g
SEQ ID NO3 Protein | GGGGGGSGGEGACGYYHREAQSGKYYLTYA
13 EAKAVCEFEGGHLATYKQLECARKIGFHVCA
(HA AGWMAKGRVGYPIVKPGPNCGRFGKTGIDYG
11.HIG) | IRENRSERWDAYOYNPHAGGSHHHMHHH
MBGiS
3
SEQ ID NO: 14 DNA of | GGAGTCTATCACAGAGAGGCTAGATCAGG
SEQID | CAAGTATAAGCTGACCTACGCCGAGGCTAA
NO: 1 GGCCGTGTGCGAGTTCGAGGGCGGTCACC
(HA10) | TGGCTACCTATAAGCAGCTGGAAGCCGCTA
GAAAGATCGGCTTTCACGTGTGCGCCGCT
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GGCTGGATGGCTAAGGGTAGAGTGGGCTA
CCCTATCGTGAAGCCTGGCCCTAACTGCG
GCTTCGGTAAAACCGGAATTATCGACTACG
GGATTAGGOCTGAATAGATCAGAGCGCTGEG
GACGCCTACTGCTATAACCCTCACGCTAAG
SEQID NO: 15 DNA of | GGAGTCTATCACAGAGAGGCTCAGTCAGG
SEQID | CAAGTATAAGCTGACCTACGCCGAGGCTAA
NO: 2 GGCCGTGTGCGAGTTCGAGGGCGGTCACC
(HATG.T | TGGCTACCTATAAGCAGCTGGAAGCCGCTA
} GAAAGATCGGCTTTCACGTGTGCGOCGCT
COCTGGATGGUTAAGGGTAGAGTGGEGCTA
CCCTATCCTGAAGCCTGGCOCTAACTGCG
COTTCGGETAAMCCGGAATTATCGACTACG
COATTAGGCTGAATAGATCAGAGCGCTGE
CACGCCTACTGCTATAACCCTCACGOC
SEQ ID NO: 16 DNA of | GGAGTCTATCACAGAGAGGCTGCTAGCGG
SEQID | TAAATACAAGCTGACCTACGCCGAGGCTAA
NO: 3 GGCCGTGTGCGAGTTCGAGGGCGGTCACC
(HA TGGCTACCTATAAGCAGCTGGAAGCCGCTA
10.2) GAAAGATCGGCTTTCACGTGTGCGCCGCT
GGCTGGATGGCTAAGGGTAGAGTGGGCTA
CCCTATCGTGAAGCCTGGCCCTAACTGCG
GCTTCGGTAAAACCGGAATTATCGACTACG
GGATTAGGOCTGAATAGATCAGAGCGCTGEG
GACGCCTACTGCTATAACCCTCACGCC
SEQ ID NO: 17 DNA of | GGCGCCTGTGGCGTGTATCACAGGGAGGC
SEQID | CCAGAGCGGCAAGTACAAGCTCACCTACG
NO: 4 CCGAGGCCAAGGCCGTGTGCGAATTCGAG
HA 11 | GGCGGLCACCTGGCCACCTACAAGCAGCT
GGAGTGCGCCAGGAAGATCGGCTTCCACG
TGTGTGCCGCCGGCTGGATGGCCAAAGGC
AGAGTGGGCTACCCCATCGTGAAACCLCGE
CCCCAACTGCGGUTTCGGCAAGACAGGCA
TCATCGACTACGGCATCAGGCTGAACAGGA
COGAGAGGTGGGACGCCTACTGUTACAAC
CCCCACGCC

SEQ ID NO: 18 DNA of | GGAGTGTATCACAGAGAGGCCCAGAGCGG
SEQID | CAAGTACAAGCTGACCTACGCCGAGGCCA
NO: 5 AGGCCGTGTGTGAGTTCGAGGGCGGUCAC
(HA CTGTGCACCTACAAGCAGCTGGAGGCCGO
11.1) CAGGAAGATCGGCTTCCACGTGTGTGCCG
CCGGCTGGATGGOCTAAAGGCAGGGTGGEGC
TACCCCATTGTGAAGCCCGGOCCCAATTGC
GGCTTCGGCAAGACCGGCATCATCGACTA
CGGCATCAGGCTGAACAGGAGCGAGAGGT
GGGACGCCTACTGCTGCAACCCCCACGCO

In certain aspects, the peptide can have a sequence comprising 30, 35, 40, 45,

80, 85, 80, 85, 70, 75, 80, 85, 90, 81, 92, 93, 84, 95, 86, 97 or 88 consecutive aminc
acids of SEQ ID NOs: 1,2,3,4,5,6,7,8,9,10, 11, 12, or 13, In certain other aspecis,

5 it is contemplated that a peptide is a truncated variant of a peptide comprising a
sequence of SEQIDNGO: 1,2, 3,4,5,6,7,8,9 10,11, 12, or 13. Amino acids may be
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cleaved from the N-terminus, C-ierminus or both of the peplide comprising a sequence
of SEQIDNO:1,2,3,4,5,8,7,8, 9,10, 11, 12, or 13 1o produce a truncated variant of
the peptides HA10, HA10.1, HA10.2, HATY, HAT1.1, NVS-A, NVS-X, NVS-Y, NVS-AX,
NVS-AY, HA 11.APP (MBG100), or HA 11 . HIS (MBG103). I is further contemplated that
the sequence may be cleaved from the N-terminus of SEQ ID NG 1, 2,3, 4,5,6, 7. 8§, 9,
10, 11, 12, or 13 up to and (bul not including) the first N-terminal cysteine. it is further
contemnplated that the sequence may be cleaved from the C-erminus of SEQ D NO: 1,
2,3,4,5 6,7,8 9 10, 11, 12, or 13 up to and (but not including) the first C-terminal
cysieine. It is further contemplated that the seguence may be cleaved from both the N-
ferminus and the C-lerminus of SEQ ID NGO 1,2, 3,4,5,86,7, 8, 9,10, 11,12, or 13 up
to (but not including) the first N-terminal cysteine and (but not including} the first C-
terminal cysteine. For example, with respect to SEQ ID NO: 1, one of skill in the arl
could remove up to 22 aming acids from the N-terminal end (bold) and/or up to six amino

acids from the C-terminal end (underline):

GVYYHREARSGKYKLTYAEAKAVCEFEGGHLATYKQLEAARKIGFHVYCAAGWM
AKGRVGYPIVKPGPNCGFGKTGHDYGIRLNRSERWDAYCYNPHAK (SEQ 1D NO: 1).

In certain aspects of the invention it is contemplated that a singie peptide is linked
to an optically detectable moiety. In other aspects of the invention it is contemplated that
two, three, four or more peplide tags maybe linked to the optically detectable moisty. In
other aspecis of the invention it is contemplated that two, three, four, or more optically

detectable moigties may be linked to one HA-binding peptids.

Production

The HA-binding peptide can be linked to an optically detectable moiety using
conventional methods known to those skilled in the arl. For example, an HA-binding
peptide can be expressed by transient fransfection of mammalian expression vector in
HEKZ92 cells and purified using standard affinity resing and conjugated with a

flucrophore as described herein below.

The present invention provides peptides that can be recombinantly fused (.e.,
linked) or chemically conjugated (including both covalent and non-covalent conjugations)
ic other molecules such as fluorophores, chromophores, protein biosensors, other
proteins, or nucleic acids. In certain aspects the peptide binds HA. in other aspedts, the
peptide binds HA and comprises a LINK Domain. In other aspects, the peptide binds HA
and comprises a TSG-6 LINK Domain. More specifically, it is contemplated that the
paptide may bs HA10 (SEQ 1D NO: 1), HA10.1 {(SEQ ID NO: 2), HA10.2 (SEQ D NO: 3},
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HATT (SEQ ID NO: 4) or HAT1.1 (SEQ ID NO: 5), HA 10.1.1 (S8EQ iD NO: 8), NVS-A
(SEQ D NO: 7), NVS-X (SEQ 1D NO: 8), NVS-Y (SEQ 1D NO: 8), NVS-AX (SEQ ID NU:
10), NVS-AY (SEQ ID NG: 11}, HA 11.APP (MBG100) (SEQ ID NO: 12), or HA 11 HIS
(MBG103) (SEQ I3 NO: 13). The peptide can also be a peptide described in U.S.
Application Serial No. 14/109428, the entire contents of which are hereby incorporated

by reference.

Standard molecular biology technigues can be used to prepare and express an

HA~binding peptide or peplide sequences to be used in a composition of the invention.

Moreover, the HA-binding peptides can be fused to small peptide sequences to
facilitate manufacture and purification. For exampile, the marker amino acid sequence is
a hexa-histidine peptide, such as the marker provided in a pQE vector (QIAGEN®, Inc.,
9259 Eton Avenue, Chaisworth, CA, 91311), among others, many of which are
commercially available. As described in Gentz ef al., 1989, Froc. Natl. Acad. Sci. USA
86:821-824, for instance, hexa-histidine provides for convenient purification of the fusion
protein.  Cther small peptides useful for purification include, but are not limited o, the
hemagoiutinin tag, which corresponds {0 an epitope derived from the influenza

hemaggiutinin protein (Wison ef af., 1884, Cell 37:787), and the “flag” 1ag.

Delivery

The invention provides compositions comprising a peptide of the invention, for
example a peptide that binds HA in the eve with a KD of less than or equal to 100 yM, 80
ub, 80 pM, 70 uM, 80 pd, 50 pM, 40 pbd, 30 pM, 20 uM, 10 M, 9.0 pM, 8.5 uM, 8.0
ulM, 7.5 M, 7.0 uM, 6.5 uM, 6.0 uM, 5.5 uM, 5.0 uM, 4.5 uM, 4.0 ubM, 3.5 uM, 3.0 uM,
2.5 uM, 2.0 uM, 1.5 M, 1.0 uM, or 0.5 M. In certain specific aspects the peptide may
comprise the sequence of SEQ ID NO: 1, 2, 3, 4, 5, 86,7, 8 9 10, 11, 12, or 13,
formulated together, or separately, with a pharmaceutically accepiable excipient, diluent
or carrier. The invention also provides compaositions comprising HA fagged optically
deteciable moiety molecules (2.g., a peptide linked to an optically detectable moiety),
formulated together, or separately, with a pharmaceutically accepiable excipient, diluent

or carrier.

In certain aspedcis the compositions of the invention comprise a peptide that binds
HA in the eye as described above. The compositions can additionally contain one or
more therapeutic agenis thal are suitable for treating or preventing, for example,
conditions or disorders associated with retinal vascular disease or useful in surgery, such

as anti-inflammatory, anti-scarring, and wound healing agents. Pharmaceutically
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acceptable carriers enhance or stabilize the composition, or can be used {o facilitate
preparation of the composition. Pharmaceutically acceptable carriers include solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. The pharmaceutically
acceptable excipient, diluent or carrier should be suitable for adminisiration {o the eye
(e.q., by injection, subconjunctival or topical administration), more specifically, for
intravitreal administration. The invention also provides for methods of producing a
composition for ocular delivery wherein the method includes the step of linking a peptide
that binds HA in the eye with a KD of less than or equal io 100 uM, 80 yM, 80 uM, 70
ubd, 80 uM, 50 uM, 40 uM, 30 ub, 20 uM, 10 uM, 9.0 uM, 85 uM, B0 uM, 7.5 uM, 7.0
ubd, 6.5 uM, 6.0 pM, 5.5 uM, 5.0 pM, 4.5 uM, 4.0 M, 3.5 pM, 3.0 udM, 2.5 uM, 2.0 uM,
1.5 ubM, 1.0 uyM, or 0.5 uM to an oplically detectable moiety {e.g., a flucrophore or

chromophore), and is useful for visualizing the vitreous.

in certain embodiments, the compositions of the invention can be incorporated
into vesicles which provide a suitable ophthalmic injectable. Examples of such vesicles
include liposomes or microspheres, for example, poly(givcolic) or poly(lactic) acid
microspheres.  Incorporation of compaositions into liposomes or microspheres can be

performed by routine procedures as known to one skilled in the art,

A composition of the present invention can be administered by a varisty of
methods known in the art. The roule and/or mode of administration vary depending
upon the desired results. It is preferred that the composition be suitable for
administration to the eve, more specifically, the composition may be suitable for

intravitreal administration.

A formulation comprising a composition of the invention should be sterile and
fluid. Proper fluidity can be maintained, for example, by use of coating such as lecithin,
by maintenance of required particle size in the case of dispersion and by use of
surfactants. In many cases, it is preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol or sorbitol, and sodium chigride in the
composition. Long-term absorption of the injeciable compositions can be brought about
by including in the composition an agent which delays absorption, for exampie,

aluminum monostearate or gelatin.

Compositions of the invention for administration to the eye can be prepared in
accordance with methods well known and roulinely practiced in the art. See, e.q.,
Remington: The Science and Practice of Pharmacy, Mack Publishing Co., 20th ed.,

2000. Pharmaceutical compaositions are preferably manufactured under GMP conditions.
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in certain embodiments, a composition of the invention is injected into a
mammalian eye in an aqgueous solution of about 150 ul or less, and the solution
comprises at least about 0.001 pg of the composiiion. In certain embodiments, the
solytion is formulated to deliver about 0.001 pg, 0.01 pg, 0.1 ug, 1.0 pg, 10 ug, 20 ug,
30, yg, 40 ug, 50 ug, 80 pg, 70 pg, 80 g, 90 ug, 100 pg, 200 ug, 300 ug, 400 ug, 560
ug, 600 ug, 700 ug, 800 ug, 200 ug, 1.0mg, 2.0 mg, 3.0 mg, 4.0 mg, or about 5.0 mg of
a composition of the invention per injection. In cerlain embodiments, the solution is
formulated to deliver less than about 1.0 mg of a compaosition of the invention per
injection. In certain embodiments, the volume of the aqueocus solution is about 1.0 gyt fo
about 150 i, preferably about 20 ul to about 100 yb

The invention will be further appreciated in light of the following examples.

EXAMPLES

The following Examples are provided for the purposes of illusiration and are not
intended 1o imit the scope of the present invention. The present invention is not to be
fimited in scope by the exempilified embodiments, which are infiended as illustrations of
individual aspects of the invention. Indeed, varicus modifications of the invention in
addition to those shown and described herein will become apparent {o those skilled in
the art from the foregoing description and accompanying drawings. Such modifications

are intended to fall within the scope of the appended claims.

EXAMPLE 1: HA-Tagged Chromophore Visualization of the Vitreous

A FITC linked HA-binding protein was generaled as follows.,

Expression and purification:

An HA-binding peplide (Protein 6 in Table 1) was iransiently expressed in
HEKZ93F cells using polyethvlenimine (PED as transfection agent with ratio of 1.3 of
plasmid DNA 1o PEl and grown for five days at 37°C with 5% CO,. The culture was
harvested and the supermatant fitered. The conditioned medium was icaded onto nickel
resin column, washed with 50 mM phosphate buffer containing 20 mM immidazole, 500
mM scdium chiloride, pH 8 to remove unbound proteins, and gradient eluted with 50 mM
phosphate buffer containing 500 mM imidazole, 500 mM sodium chioride, pH 8.
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The purified Protein 6 was site-specifically labeled with fluorescein isothiocyanate
on the N-terminus using Sortase-A mediated reaction {(see Mao ef a/., 2004, J Am Chem
Soc., Mar 10;126(9):2670-1). The fiuorophore (flucrescein isothioccyanate) - conjugated
HA-binding peplide was purified {0 apparent homogeneity using standard mixed mode
and ion exchange resins. Specifically, Protein 6 was buffer exchanged into Sortase
labeling buffer (50 mM Tris-HCI, 150 mM sodium chioride, 10 mM CaCI2, pH7.5).
Reaction mix in the Sortase labeling buffer contained 50 ub of Protein 6, 2 mM of FITC-
LPETGGG (synthesized by GeneScripty and ~ 180 uM of Sortase A immobilized on
agarese in the sortase labeling buffer. The reaction mix was incubated at 23°C for 24
hours with shaking. The immobilized Sortase A was separated using 0.2 um filter. The
pH of the flowthrough containing labeled and unlabeled Protein 6 was increasedto pH 9
with 1M Tris-HCi, pH 9.5. The sample was then lsaded over a 5 mbl CaptoAdhere
column, washed with PBS, pH 7.4, and sluted with gradient of 100mM citrate buffer, pH
3. Eluted fraclions were neutralized with 1/10 volume 1M Tris-MCI, pH 9.5, The
fractions were run on SDS-PAGE gel and imaged under fluorescence mode. The final
labeled protein was buffer exchanged into PBS, pH 7 4.

Animals and Treaiment Regimen

The animals used in this example were male Rabbit/New Zealand VWhite x New

Zealand Red. The treatment regimen used is shown in the following Table 2.

Table 2
Dosing Regimen
G;;;up Test Article (Dose) Animals | yolumelinjection | Total
) per Group {(uly? Doses

FITC-PROTEIN 6
1 2.5 pg total 3 50 1
protein/injection

FITC-PROTEIN &
2 5 ug total protein/ 3 50 i
injection
*administered by intravitrea! injection, QU (both ayes)

The study svaluations and frequency are described in Table 3.
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Table 3

Evaluations Frequency

- . Prescreen
Clinicat Observations

Morbidity/Mortality Check | oudy Bays 1, 2and 3

Body weights Prescreen

VT injections OU Study Day 1

Prescreen, post injection, 16 hr, 24 hr, approximately 48 hr

Wide angle imaging and approximately 72 hr

Prescreen, post injection, 16 hr, 24 hr, approximately 48 hr

Fluoraphotometry and approximately 72 hr

OU = both eyes

Heidelberg Retina and Vitregus Images:

Non-invasive BluePeak” - Blue laser Autofluorescence Imaging Mode in
Spectralis® from Heidelberg Engineering, Inc. was used {o obtain wide angle
photographs of vitreous chamberfrelina. A wide angle contact lens (Staurenghi 150°
contact lens) with a methylcellulose transmission gel placed in coniact with the cornea
was used to aid visualizagtion of the posterior segment of the eye. The eyelid was
retracted; the contact lens was placed on the cornea and positioned in front of the

camera by a trained technician.

Fluorophotiometry

Fluorophotometry measures the concentration of a fluorescent compound,
typically fluorescein, along the optical axis of the eye from the tear film to the retina. The
eyelids were retracied and the animal was placed in front of the Fluorotron Master by a
trained technician. Fluorescein content was then quantified by the fluoropholometer
without making contact with the eye. Two o three scans were performed for each eye at
each time point. The average from these repeated scans of each individual eye at each

time point was used for further analysis.
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intravitreal Inisction

An operating microscope was used o visualize the posterior segment of the eye
during the procedure. The eyelid was retracted with a wire speculum. The globe was
immobilized using ocular forceps. A 30-gauge needle attached {o a sterile syringe,
containing the test article, was passed through the sclera 3 to 5 mm posterior {o the
temporal limbus and angled posterior to avoid the lens. The larget location of the

injection was the superior-temporal region.

Care of animals, including pain managemeni, was in compliance with global

animal welfare requirements.

Resulis:

Microscopic Visualization (operaling microscope)

The test article was observed in the vitreous of the animals by microscopic
visualization immediately post-injection at both doses (2 and 5 ug). The color was
apparent under standard illumination from the operating microscope without the need for
excitation or emission filters. Microscopic visualization at other time-points was not

conducted.

Heidelberg Relina and Vitreous images:

Baseline images did not show any evidence of fluorescence. Post IVT injection,
the fest article from both dose groups diffused into the vilreous as seen by the wide
angle images of the vitreous chamber. A small area of fluorescence was noted close to
the injection site post injection for both dose groups. By 16 hours, the test article had
dispersed further with the 5 ug dose (Group 2, FIG. 4B) eyes showing relatively higher
fluorescence than the 2.5 ug dose (Group 1, FIG. 4A) eyes. The test anticle continued o
be visible throughout the vitreous at 24, 48 and 72 hours in both dose groups {see
Figures 5-7, respectively) with intensity fading after 24 hours. As expected, the 5 ug high
dose group demonstrated higher fluorescence than the lower 2.5 yg dose (See Figures
4-T).

Fluorophotometry:
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The fluorophotometer measures the flucrescence of the ocular tissue on a linear
scan along the optical axis of the eve. A vitreous injection of flucrescein cannol be

detected uniil the fluorescein enters the optical axis of the eye.

For the 2.5 ug dose group, fluorescence of the test article was first observed 16 h
after injection in the vitreous cavity (FIG. 4A and FIG. 1). The relative fluorescence in the
vitreous was also highest at this time point. The relative fluorescence in the vitreous was
similar at the 24 hour time point (FIG. 5A and FIG. 1) with decreases observed at 48
hours (FIG. 8A and FiG. 1) and again at 72 hours (FIG. 7A and FIG. 1). No obvious
change was noted in the fluorescence level in the anterior segment of the eve (from

cornea to lens).

For the 5 ug dose group, relative fluorescence was delected in the vitreous post
injection however, & was nol evenly dispersed at this time. By 16 h, the fluorescence was
betler dispersed in the vitreous (FIG. 4B and FIG. 2). A similar trend of {est article
diffusion as seen with the 2.5 yg dose group was observed foliowing the high dose 5 pg
dose group except that the fluorescence was relatively higher than in the 2.5 ug group.
Also, no obvious change was noted in the flucrescence level in the anterior segment of

the eye (from comea to lens).

Summary:

o

Chromophore conjugated hyaluronan-binding protein, FITC- Protein 8, a
glycosylated protein, was injected inio the vitreous and observed by wide angle imaging
and flugrophotometry immediately post injection (only for the 5 ug dose group with
fluorophotometry), and at 16 hr, 24 hr, approximately 48 hr and approximately 72 hr
post-injection (see FIG. 4A, FIG. 5A, FIG. 8A, FIG. 7A, respectively for the 2.5 ug dose,
and see FIG. 4B, FIG. 5B, FIG. 8B, FIG. 78, respectively for the 5 pug dose). Complete
vitreous diffusion of the test article was apparent by the 16 h post-injection observation
for both dose groups. As expected, the high dose 5 ug group demonstrated higher
fluorescence in the vitreous than the lower 2.5 ug dose. No obvious changes were noted
in the fluorescence level in the anterior segment of the eye (from comea o lens). This
study demonstrated that FITC- Protein 6 diffused in the vitreous and also demonstrated

the feasibility of visualizing of vitreous during vitreciomy surgery.

EXAMPLE 2: Ocular Surgery
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The composiiion of the invention is placed in a formulation suitable for intravitreal
injection (i.e., with the appropriate pH, osmolarity, low endotoxin level, etc., that is
customarily achievable by those skilled in the art of formulating drugs for intraviireal
injection and demonstrated in the previously mentioned pilot research studies in rabbit
eyes,) A few hours prior fo surgery or even one o three davs prior {0 surgery, the
formulation containing the composition is injected info the vitreous. The volume of the
dose would be in the range of 1 microliter to 100 microlilers. As is standard for
intravitreal injections, the injection site is a few mm posterior o the limbus 50 that the
neadle enters the eye al the pars plana. A vilreous delineating composition of the

invention is injected about 5-10 mm deep into the vitreous.

As demonsirated in the pilot studies in Example 1 above, the composition
diffuses throughout the vitreous within hours so that by 16 hours {and perhaps much
sooner in eyes from older humans with vilreous syneresis) there is relatively uniform
conceniration of the composition across the entire vitreous cavity. As shown in Example
1, this diffusion and dispersion of the composition throughout the vitreous does not
require any special manipulation of the eye; it is expected that # will ocour in the course
of the normal aclivities of a patient and the normal motion of a patient’'s eye. Once the
vilreous gel is colored or fluorescent, the eye is ready for a surgical procedure. The
vilreous is rendered visible by the chromophore itself in the white light of the operating
microscope, or, allernatively, it would become fluorescent whenever the surgeon
activates g standard light or laser light with the appropriate wavelength (hue) to generate

a detectable signal from the composition.

Because the composition sticks to hyaluronic acid, it will not wash away during
the rinsing of the wvilreous with fluid as normally occurs during vitrectomy surgery.
Instead, the composition will maintain its binding to hyaluronan, an essential component
of vitreous. As the surgeon removes vitreous with surgical instruments as standard in
such procedures, the regions of vitreous not yet removed are easily apparent by the
color or fluorescence of a composition of the invention, which can be observed
constantly or whenever the appropriate light is transiently switched on during the
procedure. Because of the great difference in hyaluronan content in the vitreous
compared to the inner retina and especially compared to the inner limiting membrane of
the retinag, the vitreous delineating composition of the invention clearly delineates the
vitreoretinal interface and thus allows the surgeon (o approach the retina with vitrectomy

instruments only when necessary to remove the last reminants of vitreous.

The composition also faciliftates recognition of a posterior vitrecus detachment

because of the clear fluid between the vitrecus and the retina having a low hyaluronan
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content. The vitreous delineating composition of the invention binds to hyaluronan
present in the posterior cortical vitreous, thus clearly distinguishing a boundary between
the cortical vitreous and the fluid-filled posterior hyaloid space. The limit of the hvaloid is
thus visibly demarcated by the vitreous delineating composition bound to the vitreous.
This allows the surgeon to accurately visualize the posterior hyaloid and vitreous during
the procedure, and to complelely and easily remove the posterior hyaloid and formed
vitreous., Complete removal can be confirmed by when no vitrecus delineating

composition remains on the surface of the retina.

it should be understood that the embodimenis of the present invention shown
and described in the specification are only preferred embodiments of the inventorwho is
skilled in the art and are not limiting in any way. Therefore, various changes,
modifications or alterations to these embodimentis may be made or resoried to without

departing from the spirit of the invention and the scope of the following claims.
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What is claimed is:

1. A surgical method to alleviate a disorder of an eye caused by the vitreous

comprising:

injecting intc an eye a composition comprising a peplide that binds hyaluronan
(HA} that is linked {o an optically detectable moiety in an amount effeclive to render the
vitreous visible for surgical correction, and surgically correcting the disorder by removing
the vitreous.

2. The method of claim 1, wherein the optically detectable moilely is luminescent,
photoluminescent, electroluminescent, bicluminescent, chemiluminescent, fluorescent,

phosphorescent, or is a chromophore.

3. The method of claim 2, wherein the optically deteclable moiely is a fluorescent

chemosensing material.

4. The method of claim 1, wherein the peptide comprises a sequence selected from

the group consisting of:

ay SEQ ID NG: 2, SEQ ID NO: 3, SEQ ID NOG: 4, SEQ D NO: 5, SEQ 1D NO: §,
SEQ D NO: 7, SEQ 1D NO: 8 and SEQ 1D NO: 9, SEQ 1D NO: 10, SEQ 1D NO: 11, SEQ
IDNO: 12 and SEQ ID NC: 13; or

b) 95 consecutive amino acids of the sequence of SEQ ID NO: 2, SEQ ID NG: 3,
SEQID NGO 4, SEQID NO: 5 SEQIDNO: 8, SEQIDNO: 7, SEQ IDNC: 8 and SEQ D
NC: 8, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13.

5, The method of claim 1, wherein said compaosition further comprises a therapeutic

agent or g diagnostic agent.

8. The method of claim 8, wherein said therapeutic agent is an anti-infective agent,
an immunosuppressant agent, an anti-proliferative agent, an anti-angiogenesis agent, a

wound healing agent, an anti-scarring agent, or combinations thereof.

7. The method of claim 1, wherein said composition is inert.
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7. The method of claim 1, wherein said composition is inert.
8. The method of claim 1, wherein said composition is formulated as a vesicle selected

from the group consisting of a liposome and a microsphere.

9. The mathod of claim 1, wherein said composition has a formulation selscted from the

group consisting of a solution, an emulsion, and a suspension.

10. A composition for visualizing the vilreous in a mammalian eye comprising an
injectable formulation of a peplide that binds hyaluronan (HA) and an optically detectabls
mociety as a vitreous delinsating agsnt in an sffective amount to render the vitreous visible o

a surgeon.

11. The composition of claim 10, whersin the optically dstectable moiety is luminescent,
phoicluminescent, electroluminascent, bicluminascent, chemiluminescant, fluorescent,

phosphorescent, or is a chromophors.

12. The composition of claim 11, whersin the optically detectable moiety is a fluorescent

chemosensing material.

13. The composition of claim 10, wherein the peptide comprises a sequencs selectsd

from the group consisting of:

a) SEQ 1D NO: 2, SEQID NO: 3, SEQ ID NG 4, SEQ ID NO: 5, SEQ 1D NO: 8, SEQ
IDNG: 7, SEQ ID NO: 8 and SEQ 1D NO: ¢, SEGQ ID NO: 10, SEQ 1D NO: 11, SEQ 1D NG
12 and SEQ ID NG: 13; or

by 95 conssculive amino acids of the sequence of SEQ 1D NO: 2, SEQ ID NO: 3,
SEQ ID NOC: 4, SEQ ID NO: §, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8 and SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13,

SUBSTITUTE SHEET (RULE 26)
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14. The composition of claim 10, wherein said composition further comprises a

therapeutic agent or a diagnostic agent.

15, The composition of claim 14, wherein said therapeulic agent is an anti-infeclive
agent, an immunosuppressant agent, an anti-proliferative agent, an anti-angiogenesis

agent, a wound healing agent, an anti-scarring agent, or combinations thereof.

18. The composition of claim 10, wherein said composition is inert.

17. The composition of claim 10, injecied prior to or during a vitrectomy.

18. An ophthalmic composition for visualizing the vitreous in a mammalian evye
comprising a peptide that binds hyaluronan {HA) linked to an optically detectable moisty in
an effective amount to render the vitreous visible when a signal is generated by the

detectabls moiety.

19. The compeosition of claim 18, wherein said visualization agent is luminescent,
phololuminescent, eleciroluminescent, biclumingscent, chemiuminescent, fluorescent,

phosphorescent, or is a chromophors.

20. The composition of claim 19, wherein the oplically-detectable moiety is a fluorescent

chemosensing material.

21. The composition of claim 18, wherein the peptide comprises a sequence selected

from the group consisting of:

a) SEQID NGO 2, SEQ ID NO: 3, SEQ ID NG 4, SEQID NO: 5, SEQ 1D NG 8, SEQ
ID NG 7, SEQ ID NO: 8 and SEQ ID NOG: 8, SEQ 1D NO: 10, SEQ 1D NO: 11 SEQ 1D NO:
12 and SEQ ID NO: 13; or

SUBSTITUTE SHEET (RULE 26)
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b) 85 consecutive amino acids of the sequence of SEQ 1D NO: 2, SEQ ID NO: §,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ 1D NO: 6, SEQ ID NO: 7, SEQ ID NO: 8 and SEQ ID
NO: g, SEQ ID NO: 10, SEQ ID NO: 11 SEQ ID NO: 12 and SEQ 1D NO: 13,

22. The composition of claim 18, wherein said composition further comprises a

therapeutic agent or a diagnostic agent.

23. The composition of claim 22, whersin said therapeufic agent is an anti-infective
agent, an immunosuppressant agent, an anti-proliferative agent, an anti-angiogenesis

agent, a wound healing agent, an anfi-scarring agent, or combinations thereof.

24. The composition of claim 18, wherein said composition is inert.

25. A method of staining the vitreous in a mammalian eye comprising injecting the
composition of claim 18 into the mammalian eys and applying an energy source to the eye

to generate a signal from the dstectable moisty.

28, The method of claim 25, wherein the energy source is a light or laser.

27. A mathod of moniforing an analyte in the vitreous of a mammalian eye comprising
injecting the composition of claim 18 into the mammalian eve and delecting a signal

generated by the deiectable moiety.

SUBSTITUTE SHEET (RULE 26)
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