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TREATING ROTATOR CUFF CONDITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 62/193,476,
filed on July 16, 2015. The disclosure of the prior application is considered part of
the disclosure of this application, and is incorporated in its entirety into this

application.

BACKGROUND
1. Technical Field
This document provides methods and materials related to treating rotator cuff
conditions (e.g., rotator cuff tendonitis or rotator cuff injurics such as partial or
complete rotator cuff tears). For example, this document provides methods and
materials for modulating zinc homeostasis using zinc or zinc chelators to treat rotator

cuff conditions.

2. Background Information
The rotator cuff is a group of muscles and tendons that surround the shoulder
joint, keeping the head of your upper arm bone firmly within the shallow socket of the

shoulder. A rotator cuff injury can cause pain as well as loss of shoulder function.

SUMMARY

This document provides methods and materials related to treating rotator cuff
conditions (¢.g., rotator cuff tendonitis or rotator cuff injuries such as partial or
complete rotator cuff tears). For example, this document provides methods and
materials for modulating zinc homeostasis using zinc or zinc chelators to treat rotator
cuff conditions. In some cases, a composition that includes zinc or one or more zine
chelators can be administered to (e.g., injected or infused into) the rotator cuff region
of a mammal suffering from a rotator cuff condition. In some cases, a composition
that includes zinc can be introduced at the time of a surgical repair. In such cases, the
administered (e.g., injected) composition can reduce or reverse tendon degeneration,
enhance healing, and/or increase tendon strength.

This document also provides methods and materials for using zinc or one or

more zinc chelators to reduce the risk of developing a rotator cuff condition or to slow

PCT/US2016/042531



WO 2017/011762 PCT/US2016/042531

10

15

25

30

the progression of a rotator cuff condition. In some cases, a composition that includes
zin¢ can be administered to {e.g., injected or infused info) the rotator cuff region of a
mammal identified as being likely to develop a rotator cuff condition. In such cases,
the administered (e.g., injected or infused) composition can prevent or stow the
development of a rotator cuff condition.

In some cases, zinc or a zinc-chelator can be used alone or in conjunction with
growth factors (¢.g., FGFs or BMPs), epigenetic inhibitors (e.g., HDACs, SIRTs, and
EZH?2 inhibitors) other metals {(e.g., Mg, Ca, or Se}, or biomaterials (e.g., for
controlled release of zinc) to treat a rotator cuff condition or to prevent or slow the
development of a rotator cuff condition. For example, zinc or a zinc-chelator can be
combined with one or more bioactive molecules as a solution or as part of a
biocompatible scaffold or carrier to form a composition that is used to treat a mammal
suffering from a rotator cuff condition.

In general, one aspect of this document features a method for treating a
mammal having a rotator cuff condition. The method comprises, or consisting
essentially of, administering a composition comprising, or consisting essentially of,
zinc or a zinc chelator into a rotator cuff region of the niammal, wherein
administration of the composition reduces or reverses tendon degeneration, enhances
tendon healing, or increases tendon strength. The mammal can be a human. The
rotator cuff condition can be a rotator cuff condition wherein a rotator cuff tendon is
partially torn. The rotator cuff condition can be a rotator cuff condition wherein a
rotator cuff tendon is ruptured. The rotator cuff condition can be rotator cuff
tendonitis. The administering step can be an intra-articular injection into a joint
space. The administering step can be an injection into a subacromial space. The
administering step can be a direct injection into a damaged tendon. The composition
can comprise zinc, wherein the zine is ZnCl, zinc sulfate, zinc picolinate, zinc citrate,
zine glycerate, zinc gluconate, zinc acetate, or zinc monomethionine. The
composition can comprise a zinc chelator. The composition can be housed within a
device that controls the release of the composition within the mammal.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention pertains. Although methods and materials similar or equivalent
to those described herein can be used to practice the invention, suitable methods and

materials are described below. All publications, patent applications, patents, and
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other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and not intended
to be limiting.

The details of one or more embodiments of the invention are set forth in the
description below. Other features, objects, and advantages of the invention will be

apparent from the description and from the claims.

DETAILED DESCRIPTION

This document provides methods and materials related to using zinc or one or
more zine chelators to treat rotator cuff conditions or to prevent or slow the
development of rotator cuff conditions. For example, a composition that includes zine
can be administered to (e.g., injected or infused into) the rotator cuff region of a
mammal suffering from a rotator cuff condition or identified as being likely to
develop a rotator cuff condition. In such cases, the administered (e.g., injected or
infused) composition can reduce or reverse tendon degeneration, enhance healing,
increase fendon strength, and/or prevent or slow the development of a rotator cuff
condition. Examples of different forms of zinc that can be used as described herein
include, without limitation, Zn(l, zinc sulfate, zinc picolinate, zinc citrate, zinc
glycerate, zinc gluconate, zinc acetate, and zinc monomethionime. Examples of zine
chelators that can be used as described herein include, without limitation, NN, N' N'-
tetrakis-(2-pyridylmethyl) ethylenediamine (TPEN), phenanthroline, EDTA, and
EGTA.

Any appropriate rotator cuff condition can be treated as described herein. For
example, rotator cuff tendonitis or rotator cuff injuries such as partial rotator cuff tears
or rotator cuff ruptures can be treated as described herein. In addition, any
appropriate mammal can be treated using the methods and materials described herein.
For example, humans, monkeys, dogs, horses, sheep, pigs, goats, rabbits, rats or mice
can be treated as described herein.

In some cases, a composition that includes zing or one or more zinc chelators
can be administered to a mammal by injecting or infusing the composition into the
rotator cuff region of a mammal. For example, an injectable solution containing zinc
or one or more zinc chelators can be injected into the rotator cuff region of a human

suffering from a rotator cuff condition or identified as being likely to develop a rotator
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cuff condition. When injecting or infusing a composition that includes zinc or one or
more zing chelators into tissue of a mammal (e.g., a human), the composition can
include a hydrogel, an aqueous solution, or ingredients that generate an isotonic
solution {¢.g., saline), or can be attached to an organic scaffold. The composition can
have a pH that is at or near a physiological neutral pH (e.g., pH 6-8). In some cases,
zing, for example, in the form of ZnCl or ZnSOx, a chelated form of zine, and/or a
zinc chelator can be formulated into a composition for injection or infusion into the
rotator cuff region of a mammal.

A composition provided herein (e.g., a composition containing zinc or a zing
chelator) can be administered to a rotator cuff region of a mammal by mtra-articular
mjection into the joint space, injection into the subacromial space, direct injection into
damaged tendous, delivery as a topical at the time of surgical repair that could include
delivery to the tendon itself, delivery to the bone tendon interface, or delivery directly
mnto the joint space. In some cases, a composition provided herein {(e.g., a
composition containing zinc or a zimc chelator) can be administered to a rotator cuff
region of a mammal using a suture coated with or containing zing or a zine chelator
placed into the joint, adjacent fo the tendon, or at the bone tendon interface.

In some cases, a composition that includes zinc or a zinc chelator can be
administered to a mammal orally, topically, or systemically {e.g., intravenously, via
general injection, or intranasally via a nasal spray). For example, a pill or capsule
containing zinc can be orally administered to a human sutfering from a rotator cuff
condition or identified as being likely to develop a rotator cuff condition. When
administering a composition that includes zinc orally to a mammal {(e.g., a human),
the composition can include zinc sulfate, zinc picolinate, zing citrate, zinc glveerate,
zinc glaconate, zinc acetate, or zinc monomethionine.

In some cases, a composition that includes zinc or a zinc chelator can include
zing or the zinc chelator as the sole active ingredient or can include other active
mgredients for treating rotator cuff conditions. For example, a composition that
mcludes zinc or a zinc chelator can include growth factors (e.g., FGFs or BMPs),
epigenetic inhibitors {¢.g., HDACs, SIRTs, or EZH?2 inhibitors), minerals {e.g., Mg,
Ca, or Se), biomaterials {¢.g., biomaterials for controlled release of zinc), stem cells
(e.g., bone marrow derived or adipose-tissue derived stem cells), or combinations
thereof as active ingredients for treating a rotator cuff condition.

An effective amount of a composition containing zinc can be any amount that

PCT/US2016/042531
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reduces the severity of a symptom of a condition being treated {e.g., a rotator cuff
condition), reduces the risk of developing a rotator cuff condition, or slows the
progression of a rotator cuff condition without producing significant toxicity to the
mammal. For example, an effective amount of zinc can be from about 0.1 pM to
about 100 mM (e.g., from about 100 pM to about 100 mM, from about 10 nM to
about 100 mM, from about I mM to about 100 mM, from about 1 nM to about 10
mM, or from about 10 nM to about | mM). In some cases, between about 1 fg and
about 2 mg of zinc can be administered to an average sized human (e.g., about 60-85
kg human) daily for about four to about eight weeks (e.g., about five to six weeks). If
a particular mammal fails to respond to a particular amount, then the amount of zinc
can be increased by, for example, two fold. After receiving this higher amount, the
mammal can be monitored for both responsiveness to the treatment and toxicity
symptoms, and adjustments made accordingly. The effective amount can remain
constant or can be adjusted as a sliding scale or variable dose depending on the
mammal’s response to treatment. Various factors can influence the actual effective
amount used for a particular application. For example, the frequency of
administration, duration of treatment, use of multiple treatment agents, route of
administration, and severity of the condition (e.g., rotator cuff condition) may require
an increase or decrease in the actual effective amount administered.

The frequency of administration can be any frequency that reduces the
severity of a symptom of a condition to be treated (¢.g., a rotator cuff condition),
reduces the risk of developing a rotator cuff condition, or slows the progression of a
rotator cuff condition without producing significant toxicity to the mammal. For
example, the frequency of administration can be from about three times a day to about
once a month. In some cases, a one-time administration (e.g., before, during, or after
surgery) can be administered. The frequency of administration can remain constant or
can be variable during the duration of treatment. In some cases, zinc can be
admunistered using a continual slow release from a device (e.g., a scaffold) placed into
the mammal (e.g., a human) during surgery. A course of treatment with a
composition containing zinc can include rest periods. For example, a composition
confaining zinc can be administered daily over a two week period followed by a two
week rest period, and such a regimen can be repeated multiple times. As with the
effective amount, various factors can influence the actual frequency of administration

used for a particular application. For example, the effective amount, duration of
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the condition {e¢.g., a rotator cuff condition) may require an increase or decrease in
administration frequency.

An effective duration for administering a composition contaming zinc can be
any duration that reduces the severity of a svmptom of the condition to be treated
(e.g., a rotator cuff condition), reduces the risk of developing a rotator cuff condition,
or slows the progression of a rotator cuff condition without producing significant
toxicity to the mammal. Thus, the effective duration can vary from several days to
several weeks, months, or years. In general, the effective duration for the treatment of
a rotator cuff condition can range in duration from several weeks to the mammal’s
lifetime. Multiple factors can influence the actual effective duration used for a
particular treatment. For example, an effective duration can vary with the frequency
of administration, effective amount, use of multiple treatment agents, route of
admunistration, and severity of the condition being treated.

In some cases, the methods and materials provided herein {e.g., a composition
containing zinc) can be used to treat tendonitis or a tendon disorder such as an
Achitles tendon disorder, a patellar tendon disorder, a quadriceps tendon disorder, or
an epicondylitis.

The mvention will be further described in the following examples, which do

not limit the scope of the invention described in the claims.

EXAMPLES
Example 1 — Assessment of damaced/ruptured rotator cuff tendons

High throughput RNA-sequencing of intact and ruptured rotator cuff tendons
was performed. The sequencing analysis revealed that degenerating rotator cuff tissue

exhibit changes in the expression levels of many zinc-related polvpeptides (Table 1).

Table 1. Expression of zinc-related genes in rotator cuff tendon.

Gene Fold Change
Intact vs Discased Tendon

ZNF131 7.74495203
ZNF224 7.7104387
ZNF354C 7.33998444
ZNF718 7.23646262
MTI1B 0121312
CRIP2 0.180982

PCT/US2016/042531
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CRIP1 0.086645
MT3 0.00438
MTIH 0.096981

These results demonstrate that zine deficiency and concomitant oxidative
responsces are involved in rotator cuff degeneration. These results also demonstrate
that zinc supplementation (via oral administration or injection or infusion mto rotator
cuff tissue) can mitigate or reverse rotator cuff degeneration and associated

pathological conditions {e.g., rotator cuff tears and tendonopathy).

Example 2 — Injecting zinc to treat damaged/ruptured rotator cuff tendons

About 1-2 mg of zinc is formulated with 1 to 10 mL of saline or other soluble
solution fo obtain a liquid composition. About 0.25 mL to about I mL of this liquid
composition is injected directly into degenerative or surgically repaired tendons or

mmto the joint space to deliver zinc to the target tissue.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended
to illustrate and not limit the scope of the invention, which is defined by the scope of
the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method for treating a mammal having a rotator cuff condition, wherein said
method comprising administering a composition comprising zinc or a zinc chelator
into a rotator cuff region of said mammal, wherein administration of said composition

reduces or reverses tendon degeneration, enhances tendon healing, or increases tendon

strength.
2. The method of claim 1, wherein said mammal 1s a human.
3. The method of claim 1, wherein said rotator cuff condition is a rotator cuff

condition wherein a rotator cuff tendon is partially torn.

4. The method of claim 1, wherein said rotator cuff condition is a rotator cuff

condition wherein a rotator cuff tendon is ruptured.

5. The method of claim 1, wherein said rotator cuff condition is rotator cuff
tendonitis.
6. The method of claim 1, wherein said administering step is an intra-articular

Injection into a joint space.

7. The method of claim 1, wherein said administering step is an injection into a

subacromial space.

&. The method of claim 1, wherein said administering step is a direct injection

into a damaged tendon.
9. The method of claim 1, wherein said composition comprises zinc, and wherein
said zinc is ZnCl, zinc sulfate, zinc picolinate, zine citrate, zine glycerate, zine

gluconate, zinc acetate, or zing monomethionine.

10. The method of claim 1, wherein said composition comprises a zinc chelator.
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11.  The method of claim 1, wherein said composition is housed within a device

that controls the release of said composition within said mammal.
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