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NON-BUMAN MODEL FOR WOUND HEALING

Background

{8081]  Scar contracture is estimated to cost billions of dollars annually, There are over
2.4 miliion American burn victims anoually and in major buras, the incidence of large
joint scar contracture is approximately 40%. {Schneider, 2006 #937;Schneider, 2008
#936). The WHO states that “there 18 no doubt that the social and medical costs of burns
are significant. (Organization, 2011 #3538). Economic impact of buros includes lost
wages, and the costs related to deformities from burns, in terms of emotional frauma and
{ost skill.”(Organization, 2011 #353%). To date, there are no effective measures to prevent
scar formation. This is a major unmet medical need. The lessening of scarring would
improve clinical practice by reducing medical expenditures, increasing survival, and

dramatically improving quality of hife for millions of patients.

{8082]  The present disclosure addresses these shortcomings by providing a non-human
animal model to study scar contractures and methods of using such a model. Such uses
may inchude, but are not limited to, tosting mechanisms or actions or developing new

anti-scar contracture compounds.

Sunupary of the Invention

{80631  One aspect of the present disclosure provides a method of producing a
non-human animal model of scar contracture comprising of! (a) producing a full-thickness
dermal wound on the skin of the animal; (b} excising the wound; and {¢) sccuring a skin

graft over the wound thereby producing a non-human animal model of scar contracture.

{0084]  In one embodiment, the method further comprises the step of applying a bolster
to the skin graft. In other embodiments, the method further comprises the step of removing

the bolster after a period of at least two days.
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{0085]  In some embodiments, the full-thickness dermal wound s selectaed froma group

consisting of a thermal injury, an excisional injury, or combinations thereof.

{6086] In other cmbodimenis, the non-buman animal is sclected from the group
consisting of a rodent, cat, dog or combination thereof. In some embodiments, the

non-human animal 18 a rodent. In certain embodiments, the non-lnmman animal is a2 mouse.

{80871  Another aspect of the present disclosure provides a non-human animal model
which bears an execised wound and skin graft and which is produced by the method

provided herein.

{00881  Another aspect of the present disclosure provides a method of determining
whether an ageunt has anti-scarring contracture propertics for the prevention or treatment of
scar contrachie comprising of administering to a non-human animal having a skin grafied
full-thickness dermal wound accordmg o the present disclosure an agent of interest to the
scar, acasuring graft contraction in the presence of the agent, whercin an agent that
reduces graft contraction and/or enables the graft to heal more like normal tissue is

considered to have anti-scarring contracture propertics.

{80891  In one embodiment, the wound tissue is assayed by methods selected from the
group consisting of histology, immunohistelogy, qRTPCT, Western Blot, and

combinations thereof.

Brief Description of the Drawings
{00638]  The forogoing aspects and other features of the invention are explained in the

following description, taken in connection with the accompanying drawings, whercin:

{00011} FIG 1 is a schomatic detailing the method according to one embodiment of the
present disclosure. FIG 1A shows a flow diagram of 3 method of producing a von-human
animal model of scar contracture . FIG 1B is a graph showing results of skin contraction in

one embodiment of the model.
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{60612} FIG 2 arc photographs demonstrating that the non-animal modef of the present
disclosure is analogous to the human condition. The rodent burn contracture model is
analogus to the haman condition with faster graft contraction; human skin grafts contract
~35% by six weeks, the rodent skin graft contracts 75% by 4 weeks and the rodent

excisional wound contracis ~95%.

Detailed Description of the Invention
{60813} For the purposcs of promoting an understanding of the principles of the present
disclosure, reference will now be made to preferred embodiments and specific language
will be used to describe the same. It will nevertheless be understood that no limitation of
the scope of the disclosure is thereby intended, such alteration and further modifications of
the disclosore as ilhustrated herein, being contemplated as would normally ocour to one

skilled in the art to which the disclosure relates.

{00814]  Unloss specifically defined, all technical and scientific terms used herein have
the same meaning as commonly vnderstood by a skilled artisan in enzymology,
biochemistry, cellular biology, molecular biclogy, cosmetics, and the medical sciences
{c.g., dermatology, ctc.). All methods and materials similar or equivalent fo those
described herein can be used in the practice or testing of the present disclosure, with

suitable methods and materials being described hereiu.

{80618]  Asticles “a” and “an” are used herein to refer 1o one or 1o more than one (L.e. at
lcast one) of the grammatical object of the article. By way of example, “an clement”

means at least one element and can include more than one clement.

[00816]  As used herein, the torm "cormoprising” means that other clements can also be
present in addition to the defined clements presented. The use of "comprising” indicates

inclusion rather than limitation.

{O0817]  As osed herein the term "consisting essentially of” refers to those clements

53
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required for a given cmbodiment. The term permits the presence of clements that do not
materially affect the basic and novel or functional characteristic(s) of that embodiment of

the invention.

{80818] The term "consisting of” refers to methods and respective components thereof
as described herein, which are exclusive of any clement not recited in that description of

the embodiment.

>

{00819]  As used heretn, the term “administer” or “administering” refers to providing,
contacting, and/or delivery of an agent (¢.g., an agend being tested for anti-scarring
properties) by any appropriate route to achieve the desired effect. These compounds may
be administered to a subject in numerous ways including, but not Iimited to, orally,

ocularly, nasally, intravenously, topically, as aerosols, suppository, otc. and may be used

in combination.

{B0828]  As used herein, the term “therapeutically cffective” refers to a dosage of an
agent {c.g., an agent being tested for anti-scarring propertics) that is effective for eliciting
a desired effect. This term as used herein may also refer to an amount effective at bringing
about a desired in vivo effect in an animal, mammal, or human, such ag reducing graft
coniraction and/or enabling the graft to heal move like normal tissue. A therapeutically
effective amount may be administered in one or more adminstrations, applications or
dosages and is not intended to be limited to a particular fornuidation, combination or
administration roufe. It is within the scope of the present disclosure that the ageont may be
administered at various times during the course of graft healing. The times of
administration and dosages used will depend on several factors, such as the goal of
treatment (e.g., treating v. preventing), condition of the subject, etc. and can be readily

determined by one skilled in the art.

{00021} In cortain embodiments, the agent may be in the form of a pharmaceutical
composition. As used herein, the torm "pharmaceutical composition” refers to the

combination of an agent (i.e., for example, an agent being tested for anti-scarring
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properties) with a carrier, inert or active, making the composition especially suitable for
diagnostic or therapeutic use i vivo or ex vivo. A "pharmaceutically acceptable carrier”
refers to any of the standard pharmaceutical carriers, such as a phosphate buffered saline
solution, water, emulsions {e.g., such as an oil/water or water/oil eroulsions), and various
types of weiting agents. The compositions also can include stabilizers and preservatives.
For examples of carriers, stabilizers and adjuvants. {See e.g., Martin, Remington's
Pharmaceutical Sciences, 15th Ed., Mack Publ. Co., Easton, Pa. (1975)). Excoplary

pharmaceutical compositons comprise ALDHbr cells and a pharmaceutical carrier.

{06822]  The present disclosure concerns provision of a non-human animal model
representing human wound contractures (which also may be referred to as a scar
contracture model) and a method for producing such a non-human anteal contracture
model. The non-human animal model according to the present disclosure 1s usetul for
evaluating over time the bislogical processes associated with scarring, as well as the

anti-scarring effects of biologics, cosmetics and guasi-drugs, among other products.

{80023]  Suitable animals for the present invention are any non-haman manmmals,
including but not limited to, rodents, such as mice, rats, harsters, gerbils and the like,
rabbits, cats and dogs. In some embodiments, the animal is a rodent, In certain

embodiments, the rodent s a mouse.

{00824] The goal in wound healing is an epithelialized wound. Certain wounds, such as
third degree burn inpuries, cause full thickness dermal wounds. These wounds can heal
cither by second intention (i.e., being left open to contract and epithehialize) or by skin
grafting. Skin grafiing expedites epithelialization. Contractures result from the persistent
contraction after a wound has epithelishized. Herein, 8 novel non-human animal model to

stady contractures is provided.

{80825] The method of the present disclosure enables, without taking a long time,
provision of a non-human animal model] exhibiting scar/wound contractures consistently,

and use of such a mode! enables more precise elucidation of the mechanism of scar
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contracture and more accuraie evaluation of anti-scarring substances.

{80826] According to the prosent disclosure, the non-human animal scar contraction
model is produced as follows: (1) creating a foll-thickness dermal injury on the
non-iniman animal (e.g., rodent) skin; (2) excising the wounded tissue; (3} covering the
open wound with a skin graft; and optionally (4) applying a bolster. After the desived

period of time (e.g., 2-6 days), the bolster is removed and the graft has “taken”.

{00027 The injurics applicd can vary in size and/or shape, and may be the result of any

type of insult, such as a theroal injury, excisional injury or the like.

{00628  In cortain embodiments, the skin graft according to step (3) is harvested from
another rodent {c.g., mouse) by taking the skin graft from the dorsum of the rodenis ears,
leaving the cartilage intact. The skin graft may be placed immediately upon the exeision or

the wound may be allowed 1o heal for a period of days and then the skin graft placed.

{000829]  Until grafting to an animal, the skin graft may be preserved in a suitable culture
medium, such as DMEM supplemented with L-glotamine and an antibiotic/antimycotic

{Invitrogen, CA), under sparseconditions while the temperature is maintained at 2-4°C.

{00030}  Skin transplantation to an animal may be carried out in accordance with a
methods known in the art (see, e.g., Demarchez M., Hartmann D J, Herbage DD, and Ville
G., Dev Biol. 1987; 121(1): 119-29}. For example, the following method may be used:
Under anesthesia with isoflucrans/oxygen or Nembutal, a 2x2 to 3x3 e’ wound incision
1s made in the dorsal skin of the animal. Before the incision was made, the skin is
preferably shaved. Subsequenily, a skin graft having the same size is transplanted to the
incision, and then sutured with a Nylon sutare (10-20 stitches). Upon completion of
suturing, analgesic treatment is preferably carried out by adding sensorcaine to the border
between the skin graft and mouse skin. Until the mice bave recovered from anesthesia,

they are kept in a 37°C. incubator.

{60833] The graft is secured {o the open wound by any of a varicty of methods {o sceure
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the graft to the wound. Typically, a bolster is applicd. After several days, the bolster is
removed and the skin graft has “taken”. The graft can then be studied longitudinally over

months.

{80832] Skin graft contraction, or shrinkage of skin graft, may be measored in any one
of a variety of ways on a periodic basis. The graft can be assayed by a variety of techmiques
including but not himited to biochemical, molecular, histologic and immundistologic
assays. A biologic that reduces graft contraction and cnables the graft to heal more like
novmal tissue is considered to have anti-scar contracture properties. Thus, the scar
contracture model of the present disclosure is useful for the clucidation of the mochanism
of scar/wound contracture and the evaluation of biologics, cosmetics, drugs and the like

for anti-scarring contractare propertics.

{80833] The present invention alse relates to methods of determining the determination
of whether an agent has anti-scarring properties. An agent 1s considered to have anti-scar
contraction propertics (also referred o hercin as “anti-scarring properties) if it reduces
graft contraction and/or cnables the graft to heal more like normal tissue. This method
involves providing 8 non-human animal having a skin graft as provided in the present
disclosure. The method also involves administering an agent to the incision and
deternrining whether the agent exhibits anti-scarring propertics. As used hercin, the term
“agent” may include drugs, prodrogs, biologics, cosmetics and the like which may exhibit
anti-scarring propertics. The term "agent” as used herein is also meant to encompass one

or more agents, and any corabination thereof.

{80634]  In this aspect of the present mvention, a suitable non-human animal model s

one that has been made according to the method desceribed herein

{80835] The administration of a suitable agent to the incision is preferably dermal, 1.2,
the agent to be tested is topically apphied to the wound. However, the agent can also be
administered orally, parenterally, subcutaneously, intravencusly, intramuscularly,

indraperitoneally, by intranasal instillation, or by application to mocous membranes, such
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as that of the nose, throat, and bronchial tubes.

{80836] The agent may be administered at any time after the graft has been placed on the
animal. For example, the agent may be administered once, twice or three times daily after
the graft has been placed on the animal. In other embodiments, the administration of the
agent may begin after the graft has taken. In yet other embodiments, the agent may be
given once, twice or three times every other day. Such times and frequency of
administration will depend on the agent being tested and can be readily determined by one

skilled in the art at the time.

{00837 The above written description of the invention provides a manner and process
of making and using it such that any person skilled in this art is enabled to make and use
the same, this enablement being provided in particular for the subject matter of the

appended claims, which make up a part of the original description.

{00838] As used above, the phrases "selected from the group consisting of” "chosen

from,” and the like include mixturcs of the specified materials.

{600839] Whoere a numerical limit or range is stated herein, the endpoints are inchuded.
Also, all values and subranges within a numerical limit or range are specifically included

as if explicitly written out.

{80848] The above description is presented to enable a person skifled in the art to make
and use the mvention, and is provided in the context of a particular application and s
requirements. Various modifications to the preferred embodiments will be readily
apparent to those skilied in the art, and the generic principles defined herein may be
applied to other embodiments and applications without departing from the spirit and scope
of the invention. Thus, this invention is not intended to be limited to the embodiments
shown, but is to be accorded the widest scope consistent with the principles and features

disclosed herein.

{60643} Having generally described this inveuntion, a further understanding can be
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obtained by reference to certain specific examples, which are provided herein for purposes

of iilustration only, and are not intended to be limiting unless otherwise specified.

Examples

{00042] The Examples that follow arc ilustrative of specific enmbodiments of the
invention, and various uses thereof, They set forth for explanatory purposes only, and are

not to be taken as imiting the invention.

EXAMPLE 1: Generation of Rodent Burn Scar Conturture Model

{00843] Fomale CSTBL/6 mice, 10-12 weeks-old, weighing 18 10 23 g (Jackson
Laboratories, Bar Harbor, ME), were used as wild type (WT) mice throughout the stady.
Female hemizygous C57BL/6-Tg(CAG-EGFP} 1310sb/LeySopl carriers {green
fuorcscent protein ;GFP) and non ~control hittermates, 10-12 weeks-old, weighing 1810 23
g {Jackson Laboratories, Bar Harbor, ME) were used for WT-GFP and GFP-WT studics.
All mice were monitored for signs of toxicity including significant weight change,
grooming, irritability and respiratory rate. The mice were housed under protocols
approved by the Institutional Animal Care and Use Committee (JACUC) of Duke

University.

{00844] Mice were anesthetized using gas anesthesia (O, 2L/min, isoflurane, 2%, The
recipiont mouse was anesthetized and the back of the mouse was shaved with metallic
chippers. The back was then sterilized using alcchol. The mouse was placed in a
restraining tube. A metal brass rod dmm 1o diameter, weighing 65g, was heated to 100°C
in water and placed on the back of the mouse for 1s to produce a third degree burn, The
burn was left for 3days and 2 14mm diameter circle over the burn site was excised for

recipient skin grafting,

{08845]  The donor mouse was anesthetized. Its ears were cleansed with aleohol and cut
at the base with curved surgical scissors. The dorsal skin surface of the car was carefully

separated from the cartilaginous ventral surface using sharp fine tipped scissors, and the
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cartilaginous surface was discarded. Fenestrations were created in the dorsal ear skin

using a #10 scalpel. Two donor skin ears were laid over an excised 14mm diameter burn
wound. The edges of the grafts and the edges of the skin were approximated and sutured
with interrupted stitches (5 stitches for cach car and 2 stitches between the 2 cars) using

6-0 silk suture. The skin grafts were then sccured with a padded bolster. The bolster was

removed on post-operative day 3.

{00846]  Any patents or publications mentioned in this specification are indicative of the
levels of those skilled in the art to which the invention pertains. These patents and

publications arc herein incorporated by reference to the same extent as if cach individual
publication was specifically and individoally indicated to be incorporated by reference. In

case of conflict, the present specification, including definitions, will control.

{80847 One skilled in the art will readily appreciate that the present invention is well
adapted to carry cut the objects and obtain the ends and advantages mentioned, as well as
those ivherent therein. The present examples along with the methods described herein are
presently representative of preferred embodiments, are exemplary, and are not intended as
Limitations on the scope of the invention. Changes therein and other uses will secur to
those skilled in the art which are encompassed within the spirit of the invention as defined

by the scope of the claims,

16
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We claim:

1. A method of producing a non-human animal model of scar contracture comprising: {a}
producing a full-thickness dermal wound on the skin of the animal; (b) excising the wound; and
(¢} securing a skin graft over the wound thereby producing a non-human animal model of scar

condracture.

2. The method according 1o claim 1, further comprising the step of applying a bolster to
the skin graft.
3. The method according to any one of claims {-2, further comprising the step of

removing the bolster after a period of at least two days.

4. The method according to any one of claims 1-3, wherein the full-thickness dermal
wound 1s selected from a group consisting of a thermal injury, an excisional injury, or

combinations thereof,

S. The method according to any one of claims §-4, wherein the non-human animal is

sclected from the group counsisting of a rodent, cat, or dog.

6. The method according to claim 5, wherein the non-human animal 1§ a rodent.
7. The method according to claim 6, wherein the non-human animal is a mouse.
8. A non-human animal model which bears an excised wound and skin graft and which is

produced by the method according to claim 1.

9. A method of determining whether an agent has anti-scarring confracture properties for

i1
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the prevention or ireatment of scar confracture comprising {a) administering to 3 non-human
animal having a skin grafted full-thickness dermal wound according to claim | an agent of
mierest to the scar, (b) measuring graft contvaction in the presence of the agent, wherein an
agent that reduces graft contraction and/or cnables the graft 1o heal more like normal tissue s

considered to have anti-scarring contracture properties.

10. The method according to claim 9, wherein wound tissue is assayed by methods selecied
from the group counsisting of histology, immunchistology, gRTPCT, Western Blot, and

combinations thereof
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2. l:l Claims Nco..

beqause they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. E Claims Nos.: 47
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |__| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. '

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention. first mentioned in the claims; it is covered by claims Nos.: .

Remark on Protest I:, The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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