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Figure 3.
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Figure 4.
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Figure 7.
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Figure 8. .
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Figure 11.
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DRUG TARGET FOR PREVENTING AND
TREATING PERIODONTAL DISEASE,
IMPROVING HEALING OF PERIODONTAL
WOUNDS AND PROMOTING ORAL HEALTH

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 12/439,516, claiming an international
filing date of Aug. 28, 2007; which is the National Stage of
International Patent Application No. PCT/SE2007/050586,
filed Aug. 28, 2007; which claims the benefit of U.S. Provi-
sional Patent Application Nos. 60/823,665, filed Aug. 28,
2006, and 60/944,111, filed Jun. 15, 2007, the disclosures of
which are herein incorporated by reference in their entirety.

FIELD OF INVENTION

[0002] This invention relates to compound and methods for
prophylaxis, prevention and/or treatment of infectious peri-
odontal disease e.g. gingivitis and periodontitis, and necrotic
conditions affecting the gum tissue, relates to promoting oral
health in general, and also relates to improving healing of
periodontal wounds such as surgical wounds locally. In par-
ticular, the invention relates to a novel method of preventing
and treating infectious periodontal disease, promoting oral
health and improving healing of periodontal wounds.

BACKGROUND
[0003] Periodontal Disease
[0004] Periodontal disease is a chronic inflammatory dis-

ease that affects the tissues that support and anchor the teeth,
also known as the periodontium. It is caused by the imbal-
anced interplay between the specific subgingival microorgan-
isms and the host immune and inflammatory response (1). It
affects nearly three-quarters of the adult populations and is
regarded as one of the most common diseases to human being.
The tissues that are involved in periodontal diseases are the
gums, which include the gingiva, the periodontal ligament,
the cementum, and the alveolar bone (FIG. 1). The gingiva is
a pink-colored keratinized mucus membrane that covers parts
of the teeth and part of the alveolar bone. The periodontal
ligament is the main part of the gums. The cementum is a
calcified structure that covers the lower parts of the teeth. The
alveolar bone is a set of ridges from the jaw bones (maxillary
and mandible) in which the teeth are embedded. The area
where periodontal disease is initiated is the gingival sulcus, a
pocket between the teeth and the gums.

[0005] Infection, inflammation and subsequent host
defense and wound healing are all hallmarks of periodontal
disease. This disease begins as a mixed bacterial infection in
the gingiva surrounding teeth (2). In the healthy mouth, more
than 500 species of microorganisms have been found. In
periodontal diseases, several potential periodontal pathogens
have been studied including Porphyromonas gingivalis,
Campylobacter rectus, Actinobacillus actinomcetemcomi-
tans, and Fusobacterium nucleatum, which are considered to
represent a significant portion of the pathogenic microbiota.
These microorganisms can induce several factors, such as
IL-1, IL-6, TNF, as well as enzymes, in host cells which
directly or indirectly are thought to cause irreversible tissue
destruction including the destruction of the gums, the alveolar
bone, the outer layer of the tooth root and eventually leads to
tooth loss. Furthermore, serious periodontal disease can lead
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to bad breath, heart disease and stroke, diabetes, respiratory
diseases and premature delivery during pregnancy. There are
other pathogenic factors such as smoking/tobacco use, genet-
ics, pregnancy and puberty, stress, medications, diabetes,
poor nutrition and other systemic diseases.

[0006] Another form of infectious destruction of the alveo-
lar bone, closely resembling periodontitis, namely Periim-
plantitis, can occur after surgical implantation of an alloplas-
tic material into the jaws. The implantation method is often
referred to as osseointegration (3), which entails close contact
between the alloplastic material, i.e. the dental implant (often
made of titanium), and the living bone. The method is used to
restore occlusion subsequent to the loss of natural teeth and is
now a standard method for treating edentulism. A principle
difference between the osseointegrated dental implant and
the natural tooth is the absence of a true periodontium around
the implant. While the normal tooth is suspended in a mesh-
work of collagenous fibers that allows for a physiological
mobility of the tooth within the alveolar bone, the dental
implant is firmly connected to the bone without intervening
soft tissue. Despite this major dissimilarity in attachment to
the bone tissue, the pathological changes at teeth and implants
during infection share many key features such as infection via
biofilm formation and colonization, inflammatory response,
as well as immunological defence. Thus, periimplantitis is an
inflammatory/infectious process affecting the tissues around
an osseointegrated implant in function, resulting in loss of
supporting bone. Periimplantitis may lead to complete disin-
tegration and implant loss even if extensive treatment aiming
at resolving the periimplant infection has been performed.
Periimplantitis also happens as reversible inflammatory/in-
fectious changes of the peri-implant soft tissues without any
bone loss. The prevalence of periimplantitis in the soft tissue
has been reported in the range of 8-44%, while frequency of
periimplantitis in the bone has been reported in the range of
1-19%. The wide ranges for the frequencies seem to be due to
differences in defining the entity, at least in part. The fre-
quency of periimplantitis is most likely related to the number
of'years implants have been worn. Since dental implant treat-
ment was introduced comparatively recently, the numbers
will probably increase over the years. Considering the large
similarities in the inflammatory response and the immuno-
logical defence against infection at teeth and dental implants
periimplantitis could be regarded as a form of periodontal
disease affecting implanted alloplastic material.

[0007] Periodontal disease is an important aspect of general
oral health. Oral health refers to the status of health of the oral
and related tissues which enables an individual to eat, speak
and socialize without active disease, discomfort or embar-
rassment and which contributes to general well-being. Major
indications of oral health include the bacterial flora in the
saliva and gum tissue, as well as the tissue necrosis and
inflammation in the gum tissue. Oral health is integral to
general health and should not be considered in isolation.

[0008] Antibiotics and other antimicrobial drugs have been
widely used in treatment of infectious diseases since the
World War 11 era. The success of antimicrobials against dis-
ease-causing microbes is among modern medicine’s great
achievements. However, many antimicrobials are not as
effective as they used to be. A key factor in the development
ofantibiotic resistance is the ability of infectious organisms to
adapt quickly to new environmental conditions. Over time,
some bacteria have developed ways to circumvent the effects
ofantibiotics. Widespread use of antibiotics is thought to have
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spurred evolutionarily adaptations that enable bacteria to sur-
vive these once so powerful drugs. Ultimately, the increasing
difficulty in fighting off microbes leads to an increased risk of
acquiring infections in a hospital or other setting. Drug resis-
tance is an especially difficult problem for hospitals harboring
critically ill patients who are less able to fight off infections
without the help of antibiotics. Therefore, there is an increas-
ing awareness that novel therapeutic strategies are highly
needed to improve the infection defense against infection.

[0009] Treatment of periodontal disease includes conser-
vative (non-surgical) methods and surgical methods. Conser-
vative treatment consists of deep cleanings known as scaling
and rootplaning as well as gingival curettage. This treatment
is aimed to remove the biofilm colonizing the affected root
surfaces and reestablish an environment where healing can
occur. Accompanied with good oral hygiene this will main-
tain healthy normal gums Surgical periodontal treatment con-
sists of osseous (bone) surgery, gingival/periodontal grafts,
gingival flap procedure, frenectomy, gingivectomy, guided
tissue regeneration/bone augmentation. However, despite the
various therapeutic methods that have successfully improved
the treatment of periodontal disease, great challenges in oral
health still exist. Such challenging factors include the increas-
ing resistance of oral bacteria against antibiotics, the needs
for simpler methods to improve oral health in general, the
expensive and tedious dental care procedure, the stressful
modern life and the heavier dental burden in under-privileged
groups in developed and developing countries. Therefore
novel methods of preventing and treating periodontal disease,
promoting oral health and improving healing of periodontal
wounds are in great needs.

[0010]

[0011] Necrosis is the name given to unprogrammed or
accidental death of cells and living tissue. It is less orderly
than apoptosis, which are part of programmed cell death. In
contrast with apoptosis, cleanup of cell debris by phagocytcs
of the immune system is generally more difficult, as the
disorderly cell death generally does not send “eat-me” cell
signals which tell nearby phagocytes to engulf the dying cell.
This lack of signaling makes it harder for the immune system
to locate and recycle dead cells which have died through
necrosis than if the cell had undergone apoptosis. The release
of intracellular content after cellular membrane damage is
cause of inflammation in necrosis. There are many causes of
necrosis including injury, infection, cancer, infarction,
invenomation and inflammation. Severe damage to one
essential system in the cell leads to secondary damage to other
systems, a so-called “cascade of effects”. Necrosis is caused
by special enzymes that are released by lysosomes which are
capable of digesting cell components or the entire cell itself.
The injuries received by the cell may compromise the lyso-
some membrane, or may set off an unorganized chain reaction
which causes the release in enzymes. Unlike in apoptosis,
cells that die by necrosis may release harmful chemicals that
damage other cells. Necrosis of biopsy material is halted by
fixation or freezing.

[0012] Necrosis occurs in certain types of periodontal dis-
ease. Necrotizing gingivitis is an inflammatory destructive
gingival condition characterized by interproximal necrotic
ulcers, spontaneous bleeding, rapid onset of pain and bad
odor. Unless properly treated, necrotizing gingivitis has a
marked tendency for recurrence and lead to considerable loss
of periodontal support.

Necrosis
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[0013] Currently there are four major therapeutic methods
to cure necrosis. The first is surgical, which is the most rapid,
and therefore is recommended when large necrotic areas or
thick scars are present. The second is mechanical, which
includes hydrotherapy, dextranomers and wound irrigation.
The third is enzymatical, the enzyme used is mainly collage-
nase (eg: Santyl), however, the effect is too slow when infec-
tion presents; and the fourth is through autolytic method,
which is via enzymes in wound fluid but the effect is
extremely slow. However, none of the four treatment methods
could give a functional and aesthetically satisfactory necrosis
removal and tissue remodeling. Therefore, a novel therapeu-
tic strategy is in great need in order to achieve a successful
removal of necrosis.

[0014]

[0015] Plasmin is the key component of the PA system. It is
a broad-spectrum protease which has the ability to degrade
several components of the ECM including fibrin, gelatin,
fibronectin, laminin and proteoglycans (4). In addition, plas-
min can convert some pro-matrix metalloproteinases (pro-
MMPs) to active MMPs. It has therefore been suggested that
plasmin may be an important upstream regulator of extracel-
Iular proteolysis (5;6). Plasmin is formed from the zymogen
plasminogen through proteolytic cleavage by either of two
physiological PAs, tPA or uPA. As plasminogen is present in
plasma and other body fluids at relatively high levels, the
regulation of the PA system occurs mainly at the level of
synthesis and activity of the PAs. Synthesis of the compo-
nents of the PA system is highly regulated by different factors
such as hormones, growth factors and cytokines. In addition,
there exist specific physiological inhibitors of plasmin and
PAs. The main inhibitor of plasmin is a,-antiplasmin. The
activity of PAs is regulated by PAI-1, which inhibits both uPA
and tPA, and PAI-2, which inhibits mainly uPA. Certain cells
also have a specific cell-surface receptor for uPA (uUPAR) that
can direct proteolytic activity to the cell surface (8;9).

[0016] Plasminogen is a single-chain glycoprotein consist-
ing of 790 amino acids with a molecular mass of approxi-
mately 92 kDa (7;8). Plasminogen is mainly synthesized in
the liver and is abundant in most extracellular fluids. In
plasma the concentration of plasminogen is approximately 2
uM. Plasminogen therefore constitutes a large potential
source of proteolytic activity in tissues and body fluids (9;10).
Plasminogen exists in two molecular forms: Glu-plasmino-
gen and Lys-plasminogen. The native secreted and uncleaved
form has an amino-terminal (N-terminal) glutamic acid and is
therefore designated Glu-plasminogen. However, in the pres-
ence of plasmin, Glu-plasminogen is cleaved at Lys’®-Lys”’
to become Lys-plasminogen. Compared to Glu-plasminogen,
Lys-plasminogen has a higher affinity for fibrin and is acti-
vated by PAs at a higher rate. These two forms of plasminogen
can be cleaved at the Arg>°°-Val *peptide bond by uPA or tPA,
resulting in the formation of the disulphide-linked two-chain
protease plasmin (11). The amino-terminal part of plasmino-
gen contains five homologous triple-loops, so-called kring-
les, and the carboxyl-terminal part contains the protease
domain. Some of the kringles contain lysine-binding sites
which mediate the specific interaction of plasminogen with
fibrin and its inhibitor o.,-AP. A novel and interesting finding
is that a 38-kDa fragment of plasminogen, consisting of krin-
gles 1-4, is a potent inhibitor of angiogenesis. This fragment
is termed angiostatin and can be generated from plasminogen
through proteolytic cleavage by several MMPs.

The Plasminogen-Activation System
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[0017] The main substrate for plasmin is fibrin, and disso-
Iution of fibrin is pivotal for prevention of pathological blood
clot formation (12). Plasmin also has substrate specificities
for several other components of the ECM, including laminin,
fibronectin, proteoglycans and gelatin, indicating that plas-
min also plays an important role in ECM remodeling (8;13;
14). Indirectly, plasmin can also degrade additional compo-
nents of the ECM through its ability to convert some pro-
MMPs to active MMPs, including MMP-1, MMP-2, MMP-3
and MMP-9. Ithas therefore been suggested that plasmin may
be an important upstream regulator of extracellular proteoly-
sis (15). In addition, plasmin has the ability to activate latent
forms of certain growth factors (16-18). In vitro, plasmin also
cleaves components of the complement system and thereby
release chemotactic complement fragments.

[0018] The PA system has been suggested to be involved at
several stages and by various mechanisms during bacterial
invasion (19). A vast number of pathogens express plasmin
(ogen) receptors (20;21). Bacteria also influence the secretion
of PAs and their inhibitors from mammalian cells (22;23). For
instance, production of uPA has been found to be enhanced in
cells infected by various bacteria (24). To date, in vivo evi-
dence for a role of plasminogen activation in pathogenesis
exists in a few bacteria such as Yersinia pestis, Borrelia, and
group A streptococci.

[0019] Binding of plasminogen to receptors present on the
surfaces of some bacteria convert these bacteria into pro-
teolytic organisms. In Gram-negative bacteria, the filamen-
tous surface appendages form a major group of plasminogen
receptors (25;26). In Gram-positive bacteria, surface-bound
molecules have been identified as plasminogen receptors (27;
28). As a consequence, plasmin can be generated on the
surface of microorganisms such as Haemophilus influenzae,
Salmonella typhimurium, Streptococcus pneumoniae, Yers-
inia pestis, and Borrelia burgdorferi, which can lead to a
degradation of mammalian ECM. Furthermore, bacterial pro-
teases may also directly activate latent pro-collagenases or
inactivate protease inhibitors in human plasma, and thus con-
tribute to tissue damage and bacterial spread across tissue
barriers (29;30).

[0020] Models of Periodontal Disease and Periodontal
Wounds
[0021] Models of periodontal disease include spontaneous

type and induced type. The periodontal tissue is exposed to a
microbe-rich environment. Bacterial invasion and subsequent
host defense in the oral cavity occurs constantly and normally
remain in balance. Disruption of this host-bacterial balance
causes various types of periodontal disease. This could be due
to an imbalance between the oral microbiota, alterations in
phagocyte function and/or specific immune response. Severe
periodontal disease occurs in approximately 2% of US ado-
lescents and in approximately 20% of US adults.

[0022] Inducing periodontal disease by certain bacterial
species provides defined models for periodontitis. Com-
monly used periodontal pathogens include Porphyromonus
gingivalis, Campylobacter rectus, Actinobacillus actino-
mycetemcomitans, and Fusobacterium nucleatum, which are
considered to represent a significant portion of the pathogenic
microbiota. They possess or can induce in host cells several
factors, such as IL-1, IL-6, tumor necrosis factor, surface-
associated proteins, fimbriae, vesicles, toxins, and enzymes,
which are thought to cause, directly or indirectly, irreversible
loss of periodontal supportive tissues.
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[0023] Periodontal wounds are commonly seen, especially
during periodontal surgery. Periodontal wound model can be
established by inducing incisional wounds at the gum tissue
in the mice. Thereafter the healing pattern of the wounds and
the effects of the candidate drug or compounds can be evalu-
ated.

[0024] Current method for treating infections such as
necrosis as well as periodontal disease have drawbacks as
discussed above. Thus, there is still a need in the art for
improved strategies and means for treating periodontal dis-
ease and improving oral health.

SUMMARY OF THE INVENTION

[0025] The present invention relates to the novel discovery
that components of the plasminogen-activation pathway, and
compounds with the capacity to activate plasminogen can be
used for new and improved strategies for preventing and
treating periodontal disease and tissue necrosis, for healing of
periodontal wounds (such as surgical wounds) and for pro-
moting oral health in general. The administration of plasmi-
nogen and/or other members of the plasminogen-activation
pathway or compounds with the capacity to activate plasmi-
nogen play a pluripotent role in protecting against bacterial-
induced infection and promoting healing of periodontal
wounds by activating inflammatory cells, accelerating migra-
tion of keratinocytes, killing bacteria, removing necrotic tis-
sue and enhancing cytokine expression. The extensive occur-
rence of periodontal disease in plasminogen-deficient mice
under natural conditions also provides an excellent animal
model to for studying periodontal disease, and screening
methods for identifying and evaluating new drugs and treat-
ment methods for various aspects of periodontal disease,
periodontal wound improvement and prompt oral health in
general.

[0026] Accordingly, the present invention provides the use
of an active agent or compound that is a component of the
plasminogen-activating pathway or has the capacity to acti-
vate plasminogen directly or via the plasminogen-activating
pathway for the manufacture of a pharmaceutical composi-
tion comprising an effective amount of the compound/agent,
or a combination of two or more such agents/compounds, for
the prophylaxis, prevention and/or treatment of periodontal
disease, especially infectious periodontal disease, and/or
removal of necrosis in the gum tissue, in a subject in need of
such treatment, Preferably, the active agent is selected from
plasminogen activators, tPA, uPA, streptokinase, saruplase,
alteplase, reteplase, tenecteplase, anistreplase, monteplase,
lanoteplase, pamiteplase, staphylokinase and recombinant
forms and variants of the components of the plasminogen-
activating pathway. More preferably, the active agent is
selected from plasmin or plasminogen and their derivatives
e.g. kringle domains of plasmin or plasminogen, protein frag-
ments of plasmin or plasminogen, mini-plasminogen and
mini-plasmin as well as the synthetic derivatives of plasmin
or plasminogen. Most preferably, the active agent is plasmi-
nogen and its derivatives. The active agent can be adminis-
tered by any route of administration known in the art. Pre-
ferred, non-limiting, routes of administration include topical
application, intra-gingival injection and intravenous injec-
tion. The agent may also be present in a wound dressing
applied onto the infected area of periodontal tissue, if pos-
sible, from which it is transferred to the infected site of
periodontal tissue. The composition may be part of a gel,
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lotion, balm, paste (toothpaste), gargling solution (mouth-
wash solution) or wound dressing

[0027] The present invention also provides the use of a
compound or active agent that is a component of the plasmi-
nogen-activating pathway or a compound which has the
capacity to activate plasminogen directly or via the plasmi-
nogen-activating pathway for the manufacture of a pharma-
ceutical composition comprising an effective amount of such
compound/agent, or a combination of tow or more such com-
pounds/agents, for improving resolution and/or promoting
the healing of periodontal wounds and surgical periodontal
wounds, especially infectious periodontal wounds and surgi-
cal infectious periodontal wounds in a subject in need of such
treatment. Preferably, the active agent is selected from plas-
minogen activators, tPA, uPA, streptokinase, saruplasc,
alteplase, reteplase, tenecteplase, anistreplase, monteplase,
lanoteplase, pamiteplase, staphylokinase and recombinant
forms and variants of the components of the plasminogen-
activating pathway. More preferably, the active agent is
selected from plasmin or plasminogen. Most preferably, the
active agent is plasminogen. The active agent can be admin-
istered by any route of administration known in the art. Pre-
ferred, non-limiting, routes of administration include topical
application, intra-gingival injection and intravenous injec-
tion. The agent may also be present in a wound dressing, a gel,
lotion, balm, paste, mouthwash solution and toothpaste
applied onto the wounded area of periodontal tissue, if pos-
sible, from which it is transferred to the wounded site of
periodontal tissue.

[0028] Furthermore, the present invention provides a
method of prompting oral health, comprising administering a
composition comprising an active agent which is a compo-
nent of the plasminogen-activation pathway or a compound
with the capacity to activate plasminogen, or acombination of
two or more such agents. Preferably, the active agent is
selected from plasminogen activators, tPA, uPA, streptoki-
nase, saruplase, alteplase, reteplase, tenecteplase, anistre-
plase, monteplase, lanoteplase, pamiteplase, staphylokinase
and recombinant forms and variants of the components of the
plasminogen-activating pathway. More preferably, the active
agent is selected from plasmin or plasminogen. Most prefer-
ably, the active agent is plasminogen, such as Glu-plasmino-
gen or Lys-plasminogen. The active agent can be adminis-
tered by any route of administration known in the art. The
composition may be part of a gel, lotion, balm, paste, or
dressing. Preferred, non-limiting, routes of administration
include topical application such as tooth paste or the usage of
gargling solution (mouthwash solution) which can be used for
strengthening teeth against decay and prompting oral health.
[0029] The invention also provides for a method of initiat-
ing the host defense for treating periodontal disease, espe-
cially infectious periodontal disease, in conditions where host
defense is retarded or impaired, comprising administering an
active ingredient which is plasmin or plasminogen. In a par-
ticular embodiment, the method of the invention can be used
for improving host defense against periodontal disease in
conditions of local or systemic deficiency/impairment of
plasmin or plasminogen.

[0030] In another embodiment, the invention provides a
method for prophylaxis, prevention and treatment of peri-
odontal disease, especially infectious periodontal disease,
improving healing of periodontal wounds such as surgical
wounds and promoting oral health in human or non-human
subjects by administering a compound or drug which is plas-
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minogen or plasmin and their derivatives, an activator of
plasminogen, or a compound enhancing the activity of plas-
min. Preferably, the compound is administered locally to
attain a high concentration in the infected area.

[0031] Moreover, the invention provides for a method for
reducing or preventing oral necrosis formation by adminis-
tering a composition comprising local or systemic adminis-
tration of a composition comprising a compound which is a
component of the plasminogen activation pathway or com-
pounds with the capacity to activate plasminogen. The com-
position may be part of a gel, lotion, balm, paste, or wound
dressing. Alternatively, the composition may be administered
systemically. In one embodiment, the method of the invention
is applied in conjunction with plastic surgery in the periodon-
tal tissue to reduce the occurrence and the formation of infec-
tion, ulcer and necrosis.

[0032] In another embodiment, the invention provides a
pharmaceutical composition for the treatment, prophylaxis
and prevention of periodontal discasc, especially infectious
periodontal discasc, comprising an effective amount of a
compound which is a component of the plasminogen-activat-
ing pathway or compounds with the capacity to activate plas-
minogen. The component of the plasminogen-activating
pathway can be selected from plasminogen, Lys-plasmino-
gen, Glu-plasminogen, plasmin, kringle domains of plasmi-
nogen and plasmin, mini-plasminogen, mini-plasmin, plas-
minogen activators, tPA, and uPA. Preferably the component
of the plasminogen-activating pathway is plasminogen or
plasmin. The compounds with the capacity to activate plas-
minogen can be selected from streptokinase, saruplase,
alteplase, reteplase, tenecteplase, anistreplase, monteplase,
lanoteplase, pamiteplase, staphylokinase and recombinant
forms and variants of the components of the plasminogen-
activating pathway.

[0033] In a further embodiment, the invention provides a
method for prophylaxis, prevention and/or treatment of peri-
odontal disease, especially infectious periodontal disease,
comprising administering a pharmaceutical composition
comprising an effective amount of a compound according to
claims 1-16, which compound is a component of the plasmi-
nogen-activating pathway or which has the capacity to acti-
vate plasminogen directly or via the plasminogen-activating
pathway to a subject in need of such treatment. The compo-
nent of the plasminogen-activating pathway can be selected
from plasminogen, Lys-plasminogen, Glu-plasminogen,
plasmin, kringle domains of plasminogen and plasmin, mini-
plasminogen, mini-plasmin, plasminogen activators, tPA,
and uPA. Preferably the component of the plasminogen-acti-
vating pathway is plasminogen or plasmin. The compound
with the capacity to activate plasminogen can be selected
from streptokinase, saruplase, alteplase, reteplase, tenect-
eplase, anistreplase, monteplase, lanoteplase, pamiteplase,
staphylokinase and recombinant forms and variants of the
components of the plasminogen-activating pathway.

[0034] Inyetanother embodiment, the invention provides a
pharmaceutical composition for promoting the healing of
periodontal wounds, especially infectious periodontal
wounds, which comprises an effective amount of a compo-
nent of the plasminogen-activating pathway or a compound
with the capacity to activate plasminogen. The component of
the plasminogen-activating pathway can be selected from
plasminogen, Lys-plasminogen, Glu-plasminogen, plasmin,
kringle domains of plasminogen and plasmin, mini-plasmi-
nogen, mini-plasmin, plasminogen activators, tPA, and uPA.
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Preferably the component of the plasminogen-activating
pathway is plasminogen or plasmin. The compound with the
capacity to activate plasminogen can be selected from strep-
tokinase, saruplase, alteplase, reteplase, tenecteplase, anistre-
plase, monteplase, lanoteplase, pamiteplase, staphylokinase
and recombinant forms and variants of the components of the
plasminogen-activating pathway.

[0035] In a further embodiment, the invention provides a
method for promoting the healing of periodontal wounds,
especially infectious periodontal wounds, comprising admin-
istering a pharmaceutical composition comprising an effec-
tive amount of compound, which is a component of the plas-
minogen-activating pathway or which has the capacity to
activate plasminogen directly or via the plasminogen-activat-
ing pathway to a subject in need of such treatment. The
component of the plasminogen-activating pathway can be
selected from plasminogen, Lys-plasminogen, Glu-plasmi-
nogen, plasmin, kringle domains of plasminogen and plas-
min, mini-plasminogen, mini-plasmin, plasminogen activa-
tors, tPA, and uPA. Preferably the component of the
plasminogen-activating pathway is plasminogen or plasmin.
The compound with the capacity to activate plasminogen can
be selected from streptokinase, saruplase, alteplase,
reteplase, tenecteplase, anistreplase, monteplase, lan-
oteplase, pamiteplase, staphylokinase and recombinant
forms and variants of the components of the plasminogen-
activating pathway.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Improvement Of Preventing and Treating Periodon-
tal Disease, Healing Periodontal Wounds and Maintaining
Oral Health

[0037] According to the invention, providing or enhancing
the levels of plasminogen and/or plasmin can be used for
prophylaxis, prevention and treatment of periodontal disease,
accelerating the healing of periodontal wounds and prompt-
ing the oral health. This may be accomplished in many dif-
ferent ways. For instance, by treating a patient with active
agents, drugs, hormones, cytokines, antibodies, or other com-
pounds that up-regulate the expression of plasmin, plasmino-
gen, or plasminogen-activators; reduce the degradation of
either of these components; the local or systemic levels of
plasminogen and/or plasmin can be increased. In another
embodiment, local plasmin or plasminogen level is increased
by directly applying plasmin/plasminogen proteins and their
derivatives. In yet another embodiment, plasmin activity is
enhanced by administration of an activator of plasmin or
/plasminogen. In further another embodiment, an artificial, a
recombinant or a bacterial plasminogen activator such as
streptokinase and staphylokinase is used. In further another
embodiment, a fragment of plasminogen protein sequence
such as synthetic peptides, kringle domains miniplasminogen
or miniplasmin is used.

[0038] Components of the plasminogen-activation path-
way or compounds with the capacity to activate plasminogen
may be produced by purifying the component(s) or com-
pounds from bacteria, humans, or other animals, or by recom-
binant production in yeast such as S. cerevisiae, in bacteria
such as E. coli, and in mammalian cell line such as Chinese
Hamster Ovary cell line. The component may be wild-type or
modified/mutated. Fragments of the component which retain
at least a part of the desired activity of the full-length com-
ponent may also be used. In a preferred embodiment, a sub-
stantially pure preparation of human plasminogen is used. In
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another preferred embodiment, a substantially pure prepara-
tion of human plasmin is used. In further another preferred
embodiment, a substantially pure preparation of miniplasmi-
nogen, miniplasmin or a fragment of plasminogen protein
sequence is used.

[0039] Applications

[0040] The method of the invention is used for prophylaxis,
prevention and treatment of periodontal disease, healing of
periodontal wounds and prompting oral health for daily life.
Such animals include, but are not limited to, vertebrates such
as humans and domestic animals, including dogs, cats,
horses, cows, pigs, and domesticated fowls. In one embodi-
ment, the methods of the invention are applied for manage-
ment of periodontal disease in a human subject. The human or
non-human subject may or may not suffer from a condition
which impairs the healing of periodontal disease. In another
embodiment, the methods of the invention are applied for
improving the healing of periodontal wounds. The periodon-
tal wounds include, but are not limited to, traumatic wounds
due to injuries and surgical wounds. In a particular embodi-
ment, the subject is a human which plans to undergo, is
undergoing, or has undergone, plastic surgery in the peri-
odontal area of the mouth. In such a case, a composition
comprising, e.g., plasminogen, can be applied or adminis-
tered both prior to and/or after surgery. In a further another
embodiment, the methods of the invention are applied for
prompting oral health. In such a case, a composition compris-
ing a method to increase the level/activity of plasminogen,
plasmin or miniplasmin can be applied or administered to
prompt the oral health.

[0041] Compositions and Treatments

[0042] The active agents of the invention are used for
modulating the biological activity of a drug target, and they
are used in the treatment of conditions in which degradation
of ECM, host defense and/or impairment of wound healing
are observed. In particular, they may be used for preventing
and treating periodontal disease, healing of periodontal
wounds and prompting oral health.

[0043] Accordingly, the active agents of the invention may
be formulated into pharmaceutical compositions for admin-
istration to subjects in a biologically compatible form suitable
for administration in vivo. By biologically compatible form
suitable for administration in vivo meant a form of the active
agent to be administered in which any toxic effects are out-
weighed by the therapeutic effects. The active agent may be
administered to living organisms including humans, and ani-
mals. An active amount of the active agent of the present
invention is defined as an amount effective, at dosages and for
periods of time necessary to achieve the desired result. For
example, a therapeutically active amount of an active agent
may vary according to factors such as the disease state, age,
sex, and weight of the individual, and the ability of antibody
to elicit a desired response in the individual. Dosage range
may be adjusted to provide the optimum therapeutic
response. For example, several divided doses may be admin-
istered daily or the dose may be proportionally reduced as
indicated by the exigencies of the therapeutic situation.
[0044] The composition(s) may be administered in a con-
venient manner such as by injection (subcutaneous, intrave-
nous, etc.), oral administration, inhalation, rectal, administra-
tion or transdermal application. Depending on the route of
administration, the active agent(s) may be coated in a material
to protect the agent from the action of enzymes, acids and
other natural conditions that may inactivate the agent. Thus,
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suitable routes of administration include topical, intravenous,
intramuscular, intradermal, oral, rectal, and intravaginal
administration. A preferred administration route is topical
administration or oral administration.

[0045] The compositions described herein can be prepared
by methods known per se for the preparation of pharmaceu-
tically acceptable compositions which can be administered to
subjects, such that an effective quantity of one or more active
agent(s) is combined in a mixture with a pharmaceutically
acceptable vehicle. Suitable vehicles are described, for
example, in Remington’s Pharmaceutical Sciences (Mack
Publishing Company, Easton, Pa., USA 1985). On this basis,
the compositions include, albeit not exclusively, solutions of
the active agents in association with one or more pharmaceu-
tically acceptable vehicles or diluents, and contained in buff-
ered solutions with a suitable pH and iso-osmotic with the
physiological fluids.

[0046] Examples of vehicles that may be used in delivering
the active agents according to the invention include, but are
not limited to, gel, pastes, balms, waxes, lotions, skin creams,
rinsing solutions, dried powers with/without bulking agent
and various other formats for topical administration known in
the art. The compositions may also be delivered locally in the
form of a powder or solution sprayed, or gargling solutions.
Alternatively, the compositions of the invention may be
present in wound dressings, pads, band-aids, gauze, or other
means applied to the area of interest, from which they are
transferred to the needed area. Such devices also include
slow-release devices, continually releasing plasminogen or
other agents of the invention for a prolonged period of time, or
can include instant-release devices, which releasing plasmi-
nogen or other agents of the invention immediately at the time
for use.

[0047] After pharmaceutical compositions have been pre-
pared, they can be placed in an appropriate container and
labeled for treatment of an indicated condition. For adminis-
tration of a composition of the invention, such labeling would
include amount, frequency, and method of administration.
[0048] The compositions may be administered at regular
intervals, e.g., once or twice a day, or added in dressings or
slow-release devices which are changed as appropriate. In
respect to prompt oral health, the composition may be admin-
istered instantly, by forming the composition at the time of
use.

[0049] The above features and many other advantages of
the invention will become better understood by reference to
the following detailed description when taken in conjunction
with the accompanying drawings.

[0050] FIG. 1. Photographs of normal healthy gum tissue
(A), inflammatory gingivitis (B) and periodontal infection
periodontitis (C).

[0051] FIG. 2. Presence of plasminogen in growth medium
promotes keratinocyte migration in an in vitro wound healing
model.

[0052] FIG. 3. Morphology of non-treated 8-12 week old
wild type and plasminogen-deficient mice jaws. Note the
necrotic tissue (N, in red) and severe degradation of bone
septa (B) occur in the gum tissue of plasminogen-deficient
mice, whereas the gum tissue in wild-type mice is completely
normal. Under higher magnification (x200), the differences
between wild-type and plasminogen-deficient mice are even
more evident (lower panels). B, bone septa. N, necrotic tissue.
[0053] FIG. 4. Morphology of non-treated 12-16 week old
wild type and plasminogen deficient mice jaws. Spontaneous
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periodontal disease in plasminogen-deficient mice at 12-16
weeks old is more severe than that of 8-12 weeks. Note the
necrotic tissue (N, in red) and severe degradation of bone
septa (B) occur in the gum tissue of plasminogen-deficient
mice, whereas the gum tissue in wild-type mice is completely
normal. Under higher magnification (x200), the differences
between wild-type and plasminogen-deficient mice are even
more evident (lower panels). B—bone septa, N—necrotic
tissue.

[0054] FIG. 5. Morphology of non treated 16-20 week old
wild type and plasminogen deficient mice jaws. Spontaneous
periodontal disease in plasminogen-deficient mice at 16-20
weeks old is more severe than that of 12-16 weeks. Note the
necrotic tissue (N, in red) and severe degradation of bone
septa (B) occur in the gum tissue of plasminogen-deficient
mice (upper right panel), whereas the gum tissue in wild-type
mice is completely normal (upper left panel). Under higher
magnification (x200), the differences between wild-type and
plasminogen-deficient mice are even more evident (lower
panels). B—bone septa, N—necrotic tissue.

[0055] FIG. 6. Bacterial recovery from saliva of wild-type,
plasminogen-heterozygous and plasminogen-deficient mice.
Plasminogen-deficient and plasminogen-heterozygous mice
have significantly higher numbers of bacteria in the saliva as
compared to that of wild-type mice.

[0056] FIG. 7. Bacterial recovery from the pulled-out teeth
of plasminogen-deficient mice supplemented with human
plasminogen, plasminogen-deficient mice supplemented
with PBS and wild-type mice without any treatments.
[0057] FIG. 8. Morphology of plasminogen-deficient mice
supplemented with PBS or human plasminogen. Note in the
PBS treated plasminogen-deficient mice, necrotic tissue was
present in the gum tissue, surrounding collagen tissue started
to detach from teeth and bone resorption had taken place (left
panels). However, supplementation of human plasminogen in
plasminogen-deficient mice had completely recovered the
cellular and tissue structure in the periodontal tissue. Magni-
fication, x50.

[0058] FIG. 9. Morphology of plasminogen-deficient mice
supplemented with PBS or human plasminogen under higher
magnification (x50).

[0059] FIG. 10. Morphology of plasminogen-deficient
mice supplemented with PBS or human plasminogen by oral
injections. Note in the PBS treated plasminogen-deficient
mice, necrotic tissue is present in the gum tissue, surrounding
collagen tissue started to detach from teeth and bone resorp-
tion had taken place (upper two left panels). However, supple-
mentation of human plasminogen in plasminogen-deficient
mice had recovered the cellular and tissue structure in the
periodontal tissue. Magnification, 100x.

[0060] FIG. 11. Morphology of non-treated 22 week old
wild type (left panels) and tPA/uPA double-deficient (right
panels) mice jaws. Note the necrotic tissue (N, in red) and
severe degradation of bone septa (B) occurs in the gum tissue
of tPA/UPA double-deficient mice, where the gum tissue in
wild-type mice is completely normal. B, bone septa. N,
necrotic tissue.

[0061] FIG. 12. Bacterial numbers in knee joints of plg—/—
and plg+/+ mice with different local and systemic treatments
after inoculation of 1x10° CFU of S. aureus Phillips at the
knee joints.

[0062] FIG. 13. Bacterial numbers in knee joints of plg+/+
mice after local injection with Plg (closed box) or PBS (open
box) 3 days after inoculation of S.aureus at the knee joints.
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Note in wild-type mice locally injected with Plg the bacterial
number is significantly lowered for 5 folds than that of wild-
type locally injected with PBS.

[0063] Definitions

[0064] The terms used in this specification generally have
their ordinary meanings in the art, within the context of this
invention and in the specific context where each term is used.
Certain terms are discussed below, or elsewhere in the speci-
fication, to provide additional guidance to the practitioner in
describing the compositions and methods of the invention and
how to make and use them.

[0065] “A compound of the group comprising: plasmino-
gen, plasmin, a component of the plasminogen activation
pathway, a plasminogen analogue, such as mini-plasmin, a
plasmin analogue, an analogue of a component of the plas-
minogen activation pathway, a plasminogen activator” refers
to a compound that directly or indirectly provides the effect of
plasminogen or plasmin, respectively.

[0066] “A component of the plasminogen activation path-
way” refers to plasminogen, Lys-plasminogen, Glu-plasmi-
nogen, variants and analogues of plasminogen comprising
one ore more domains of plasminogen such as one ore more
of the kringle domains and the proteolytic domain exempli-
fied by mini-plasminogen; plasmin and variants and ana-
logues of plasmin comprising at least one ore more domains
of'plasmin such as one or more of the kringle domains and the
proteolytic domain, exemplified by mini-plasmin and delta-
plasmin; a plasminogen activator having the final effect of
activating plasminogen, e.g. by a cascade of events resulting
in the formation or activation of plasminogen exemplified by
uPA and tPA and variants and analogues of tPA and uPA
comprising one or more domains of tPA or uPA such as one
ore more of the kringle domains and the proteolytic domain.
Variants of plasminogen, plasmin, tPA and uPA include all
naturally occurring genetic variants of human as well as other
mammalian forms of these proteins, as wells as mutant vari-
ants of these proteins obtained by conservative amino acid
replacements. An “analogue” of plasminogen or plasmin is a
compound providing essentially an analogous effect as plas-
minogen or plasmin, respectively, as measured by enzymog-
raphy, ELISA (enzyme-linked immunosorbent assay) and
FACS (fluorescence activated cell sorter), There is also an
assay for measuring levels of converted plasmin activity as
described previously: Ny, A., Leonardsson, G., Hagglund, A.
C., Hagglof, P., Ploplis, V. A., Carmeliet, P.,and Ny, T. (1999).
Ovulation in plasminogen-deficient mice. Endocrinology
140, 5030-5035.). An “analogue” of a component of the plas-
minogen activation pathway is a compound providing essen-
tially an analogous effect as a component of the plasminogen
activation pathway as measured by the levels of plasmin
activity that this analogue activates.

[0067] “Periodontal disease” is a common inflammatory
disorder caused by the interplay between the specific subgin-
gival microorganisms and the host immune and inflammatory
response. Periodontal diseases range from simple gum
inflammation to serious disease that resultin major damageto
the soft tissue and bone that support the teeth. In the worst
cases, teeth are lost. The bacteria cause inflammation of the
gums that is called “gingivitis.” In gingivitis, the gums
become red, swollen and can bleed easily. Gingivitis is a mild
form of gum disease that can usually be reversed with daily
brushing and flossing, and regular cleaning by a dentist or
dental hygienist. This form of gum disease does not include
any loss of bone and tissue that hold teeth in place. When
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gingivitis is not treated, it can advance to “periodontitis”
(which means “inflammation around the tooth.”) In periodon-
titis, gums pull away from the teeth and form “pockets” that
are infected. The body’s immune system fights the bacteria as
the plaque spreads and grows below the gum line. Bacterial
toxins and the body’s enzymes fighting the infection actually
start to break down the bone and connective tissue that hold
teeth in place. If not treated, the bones, gums, and connective
tissue that support the teeth are destroyed. The teeth may
eventually become loose and have to be removed. Another
type of periodontal disease, periimplantitis, occurs as a bio-
logical complication after surgical implantation of an allo-
plastic material into the jawbone. Periimplantitis is an inflam-
matory/infectious process affecting the tissues around an
osseointegrated implant in function, resulting in loss of sup-
porting bone. Periimplantitis may lead to complete disinte-
gration and implant loss even if extensive treatment aiming at
resolving the periimplant infection has been performed. Peri-
implantitis also happens as reversible inflammatory/infec-
tious changes of the peri-implant soft tissues without any
bone loss, sometimes referred to as peri-implant mucositis. In
the current patent, the definition of periodontal disease
includes at least periodontitis, gingivitis, periimplantitis and
peri-implant mucositis.

[0068] “Infectious periodontal disease” is periodontal dis-
ease caused by infection, in contrast to e.g. ligneous peri-
odontitis. E.g. infectious periodontitis can be caused by bac-
terial, viral or fungal infection.

[0069] “Bacterial periodontal disease” is caused by bacte-
rial infection.
[0070] “Periodontal wound” refers to the traumatic wounds

and surgical wounds occurring at the periodontal tissue of the
mouth, including wounds at the tissues surrounding implants
in the periodontal area.

[0071] “Oral health” refers to the standard of health of the
oral and related tissues which enables an individual to eat,
speak and socialize without active disease, discomfort or
embarrassment and which contributes to general well-being.
Major indications of oral health include the bacterial flora in
the saliva and gum tissue, as well as the tissue necrosis and
inflammation in the gum tissue. Oral health is integral to
general health and should not be considered in isolation.

[0072] “Derivatives of plasmin/plasminogen” refers to e.g.
kringle domains of plasmin or plasminogen, protein frag-
ments of plasmin or plasminogen, mini-plasminogen and
mini-plasmin as well as the synthetic derivatives of plasmin
or plasminogen

[0073] “Mini-plasminogen” refers to the C-terminal frag-
ment of native plasminogen, which includes the enzyme
active site. The Mr of miniplasminogen is 38000. Activation
with urokinase or streptokinase yields a two-chain enzyme
with substrate specificity extremely similar to that of plasmi-
nogen, which is termed as ‘mini-plasmin’.

[0074] “Necrosis” refers death of tissue in the body. This
happens when not enough blood is supplied to the tissue,
whether from injury, radiation, or chemicals. Necrosis is not
reversible. There are many causes of necrosis including
injury, infection, cancer, infarction, invenomation, chronic
wounds, ulcers and inflammation.

[0075] “Topical” and “topical application” refer to non-
systemic, local, administration of an active ingredient. Thus,
topical application can refer to application of an active ingre-
dient to the external surface of a wound.
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[0076] The “activity” of a protein or compound refers to the
effect the protein or compound has on a specific reaction, and
is a measure of its ability to affect, modulate, participate in, or
promote the reaction. Generally, the activity of a protein or
other compound can be measured. For example, in the case of
enzymes such as plasmin, PA, and MMPs, and modulators
enzyme activity can be expressed as the rate at which the
product of the reaction is produced, represented, e.g., as the
amount of product produced per unit of time and of enzyme
(e.g., concentration or weight). In the case of modulators such
as PAs, activity can refer to the ability of the modulator to
inhibit or promote, increase or decrease, up- or down-regu-
late, the rate of a reaction or the amount of product formed
from the reaction.

[0077] A “wound” is a break in the structure of an organ or
tissue, including epithelium, connective tissue, and muscle
tissue, caused by an external agent. Examples of wounds
include, but are not limited to, bruises, grazes, tears, cuts,
punctures, and burns. Other particular types of wounds are
those that are a consequence of plastic surgery procedures.

[0078] “Treatment” of a subject, or “treating” a subject for
a disease or condition herein means reducing or alleviating
clinical symptoms of the disease or condition such as
impaired or slow wound-healing.

[0079] “Enhancing” wound healing means increasing the
speed by which the wound heals. Alternatively, “enhancing”
wound healing means reducing the formations of scar tissue
during or after healing.

[0080] A “subject” herein includes both human and non-
human animals. Non-human animals include, without limi-
tation, laboratory animals such as mice, rats, rabbits, ham-
sters, guinea pigs, etc.; domestic animals such as dogs and
cats; and farm animals such as sheep, goats, pigs, horses, and
cows. A non-human animal of the present invention may be a
mammalian or non-mammalian animal; a vertebrate or an
invertebrate.

[0081] A “control”, “control value” or “reference value” in
an assay is a value used to detect an alteration in, e.g., the
treatment of periodontal disease, healing of periodontal
wounds and prompting oral health, or any other assays
described herein.

[0082] A subject “at risk for”, “predisposed to”, or “sus-
ceptible to” a disease or condition means that the risk for the
individual to contract or develop the disease or condition is
higher than in the average population.

[0083] A “deficiency” of a compound means that the
amount, level, or concentration of the compound is signifi-
cantly lower than a control value. For example, in a plasmi-
nogen-deficient animal, the body fluid and tissue levels of
plasminogen are significantly lower than in a wild-type ani-
mal.

[0084] As used herein, “about” or “approximately” shall
mean within 50 percent, preferably within 20 percent, more
preferably within 5 percent, of a given value or range.

[0085] A value which is “substantially different” from
another value can mean that there is a statistically significant
difference between the two values. Any suitable statistical
method known in the art can be used to evaluate whether
differences are significant or not. A “statistically significant”
difference means a significance is determined at a confidence
interval of at least 90%, more preferably at a 95% confidence
interval.
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[0086] Abbreviations
[0087] Abbreviations used in the present disclosure include
the following:
[0088] uPA=Urokinase-type plasminogen activator;
[0089] PA=Plasminogen activator;
[0090] MMP=Matrix metalloproteinase;
[0091] TIMP=Tissue inhibitor of metalloproteinase;
[0092] tPA=Tissue-type plasminogen activator;
[0093] Plg=Plasminogen
[0094] ECM=Extracellular matrix
EXAMPLES
[0095] The invention is further described by means of the

following examples. However, these examples are only illus-
trative of the invention, and in no way limits the scope and
meaning of the invention. Indeed, many modifications and
variations of the invention will be apparent to those skilled in
the art upon reading this specification, and can be made
without departing from its spirit and scope.

Example 1

[0096] InVitro Keratinocyte Migration is Dependent on the
Relative Amounts of Plasminogen

[0097] Since wound healing involves a huge number of
different factors, cells and processes, a simplified in vitro
model is included to delineate the possible plasminogen
effect on cell migration.

[0098] Methods:

[0099] DOK (early neoplastic/dysplastic human oral kera-
tinocytes) cells were incubated in cell culture media After
starving, DOK cells were incubated in DMEM cell culture
medium, containing hydrocortisone, glutamine, penicillin/
streptomycin, 10% plasminogen depleted fetal bovine serum,
and in the absence or presence of human plasminogen. AtOh,
a standard scratch was made on the keratinocyte layer in order
to induce in vitro wound healing model. At different time
points (O h, 12 h and 24 h) the keratinocyte migration was
documented under ZEISS microscope.

[0100] Results:

[0101] DOK (early neoplastic/dysplastic human oral kera-
tinocytes) cell migration seems to be almost arrested in the
absence of plasminogen in the culture media during the
experimental period (FIG. 2A, upper panels). However, in the
presence of plasminogen in the culture media, keratinocyte
migration appears to be enhanced as compared to that in the
plasminogen-depleted media (FIG. 2A, lower panels). After
24 hours of plasminogen exposure (4 M), the edges of such
in vitro wounds are close to be fused (FIG. 2B). Furthermore,
cell migration rate appears to be plasminogen concentration
dependent. This experiment clearly indicates that plasmino-
gen is important for faster wound closure and enhanced heal-
ing rate of damaged tissue in vitro.

Example 2

[0102] Spontaneous Development of Periodontal Disease
in Plasminogen-Deficient Mice

[0103] Methods:

[0104] This experiment is dedicated to investigate the
importance of plasminogen in the development of periodon-
tal disease by analyzing wild-type and plasminogen-deficient
mice at different age.

[0105] Plasminogen-deficient (plg deficient) and wild-type
(wt) mice were divided into three age groups (5-8 mice per
genotype per group): Group I: 8-12 weeks old; Group II:
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12-16 weeks old; Group I1I: 16-20 weeks old. The develop-
ment of periodontal disease was followed by analyzing the
tissue samples of each genotype and age group.

[0106] To analyze the tissue samples, the lower and upper
jaws are separated from the cranium, de-fleshed from gross
soft tissue such as tongue, and fixed in 4% paraformaldehyde
(PFA) for 24 hours. Thereafter, samples were transferred to
the decalcification solution to remove calcium from the bone
tissue. After four weeks of decalcification process specimens
were embedded in paraffin and sectioned at 5 pm thickness
for morphological staining. Safranin O staining was used for
morphological analysis, thus cartilage and mucin are stained
in dark red, bone structures and teeth are blue, and the cell
nuclei are stained dark blue.

[0107] Results:

[0108] Morphological analysis of gum tissue surrounding
the teeth at 8-12 week old shows that wild type mice have no
inflammation or detachment of collagen tissue from the tooth
surface. In contrast, all the plg deficient mice show distinct
signs of initial gingivitis stages—inflammation, collagen tis-
sue detachment from the teeth, necrotic tissue formation
between the teeth and degradation of bone septa and under-
lying jaw bone (FIG. 3). Whereas wild-type mice have
healthy oral cavity up to 20 weeks age (FIG. 3, 4, 5), in the
plasminogen-deficient mice, gingivitis progresses with age to
periodontitis: gum tissue is severely inflamed, necrotic tissue
forms deep in the soft tissue and evident bone septa destruc-
tion (FIG. 4, 5). These data clearly demonstrate that plasmi-
nogen-deficient mice spontaneously develop severe peri-
odontal disease and the disease severity progresses with age.

Example 3

[0109] Plasminogen-Deficient Mice Have Significantly
Higher Amounts of Bacteria in the Saliva than that of Wild-
Type Mice

[0110] Methods:

[0111] Wild-type, plasminogen-heterozygous and plasmi-
nogen-deficient mice at age between 16-20 weeks old were
used in this study (Table 1). Salivary sampling of mice was
performed by collecting the saliva from the mouth with a
sterile pipette tip and transferred into anaerobic medium for
immediate culturing.

[0112] Results:

[0113] 5 ul of salivary samples were successfully collected
from wild-type and plasminogen-heterozygous mice. How-
ever, due to the general dry conditions of the mouths in
plasminogen-deficient mice, the amount of possible of sali-
vary samples resulted in variations, ranging from 1.0ulto 5.0
ul. Bacterial recovery showed that plasminogen-deficient
mice have nearly 9.0x10%/ml of bacteria in saliva, the highest
in the three groups and significantly higher than that of wild-
type mice. Importantly, plasminogen-heterozygous mice also
have significantly higher amounts of bacteria than that of
wild-type mice (FIG. 6). These data clearly indicate that
plasminogen plays a critical role in maintaining the resistance
against oral bacteria. Furthermore, the number of bacteria
seems to be critically dependent on the relative amounts of
plasminogen, which suggest a therapeutic importance for
plasminogen as a novel drug to prompt oral health.

Example 4

[0114] Supplementation of Human Plasminogen in Plasmi-
nogen-Deficient Mice Successfully Improves the Clinical
Conditions of Spontaneous Periodontal Disease in These
Mice
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[0115] Methods:

[0116] Ten plasminogen-deficient (8-12 week old) mice
were randomly divided into plasminogen and PBS treatment
groups (5 mice per group). From day 0 to day 9 mice were
injected intravenously daily with 100 pl of human plasmino-
gen (10 mg/ml) or PBS. At day 10 mice were sacrificed. For
the left side jaws, molar teeth were pulled out for the recovery
of bacteria. Right side jaws were processed for decalcifica-
tion, paraffin embedding and morphological staining. Three
non treated wild type mice of the same age were included as
controls in the experiment.

[0117] Results:

[0118] Bacterial recovery from the pulled-out tooth
samples showed that plasminogen-deficient mice supple-
mented with human plasminogen have significantly lowered
numbers of bacteria as compared to that with PBS supple-
mentation (FIG. 7). These data indicate that plasminogen is
essential in host defense against bacterial colonization on the
teeth.

[0119] As expected, severe periodontal disease occurred in
all the 5 PBS treated plasminogen-deficient mice: necrotic
tissue was present in the gum tissue, surrounding collagen
tissue started to detach from teeth and bone resorption had
taken place (FIG. 8 and FIG. 9, left panels). Plasminogen-
deficient mice supplemented with human plasminogen had
completely recovered the cellular and tissue structure: no
inflammation was observed in the gum tissue, necrotic tissue
had been removed and collagen tissue remodeling had taken
place (FIG. 8 and FIG. 9, right panels). For the 3 non-treated
wild-type mice, the morphological analysis showed similar
normal tissue structure as in FIG. 3. This data clearly show
that plasminogen plays a pivotal role in maintaining normal
tissue structure and function against periodontal disease.

Example 5

[0120] Local Supplementation of Human Plasminogen at
the Gum Tissue in Plasminogen-Deficient Mice Successfully
Improves the Clinical Conditions of Spontaneous Periodontal
Disease in These Mice

[0121] Methods:

[0122] Ten plasminogen-deficient (16-20 week old) mice
were randomly divided into plasminogen and PBS treatment
groups (5 mice per group). From day 0 to day 9 10 ul ofhuman
plasminogen (10 mg/ml) was locally injected daily to the gum
tissue of both sides of the lower jaws of plasminogen-defi-
cient mice. For control PBS-treated group, 10 ul of PBS was
locally injected daily to the gum tissue of both sides of the
lower jaws of plasminogen-deficient mice. At day 10 mice
were sacrificed and performed for morphological studies.
Three non-treated wild-type mice and three non-treated plas-
minogen-deficient mice were used as non-treatment controls.

[0123] To analyze the tissue samples, the lower and upper
jaws are separated from the cranium, de-fleshed from gross
soft tissue such as tongue, and fixed in 4% PFA for 24 hours.
Thereafter, samples were transferred to the decalcification
solution to remove calcium from the bone tissue. After four
weeks of decalcification process specimens were embedded
in paraffin and sectioned at 5 pm thickness for morphological
staining. Safranin O staining was used for morphological
analysis, thus cartilage and mucin are stained in dark red,
bone structures and teeth are blue, and the cell nuclei are
stained dark blue.
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[0124] Results:

[0125] Local injection of plasminogen at the gum tissue
successfully diminished the severity of periodontal disease in
plasminogen-deficient mice. As expected, severe periodontal
disease occurred in all the 5 PBS treated plasminogen-defi-
cient mice: necrotic tissue was present in the gum tissue (N),
surrounding collagen tissue started to detach from teeth and
bone resorption had taken place (FIG. 10, two upper panels to
the left). Plasminogen-deficient mice locally supplemented
with human plasminogen had recovered the normal cellular
and tissue structure to a large extent: low levels of inflamma-
tion were observed in the gum tissue, necrotic tissue had been
removed and collagen tissue remodeling had taken place
(FIG. 10, two upper panels to the right). For the 3 non-treated
wild-type and plasminogen-deficient mice, the morphologi-
cal analysis showed similar tissue structure as in FIG. 3,
respectively. This data clearly show that local supplementa-
tion of plasminogen provides an effective and potent way to
treat periodontal disease.

Example 6

[0126] Spontaneous Development of Periodontal Disease
in uPA and tPA Double-Deficient Mice

[0127] Methods:

[0128] This experiment is dedicated to investigate the
importance of plasmin in the development of periodontal
disease by analyzing the periodontal tissue in wild-type and
tPA/uPA double-deficient mice. tPA and uPA double-defi-
cient mice were created in our lab in order to create mice
lacking of plasminogen activation. These mice, although con-
taining plasminogen in their bodies, can not convert the plas-
min precursor to active plasmin. Therefore, data from these
mice can directly address of the importance of active plasmin
in the host defense against spontaneous periodontal disease.
[0129] The occurrence of periodontal disease in tPA/uPA
double-deficient mice and their wild-type littermates at the
age of 22 weeks old was followed by analyzing the tissue
samples of each genotype.

[0130] To analyze the tissue samples, the lower and upper
jaws are separated from the cranium, de-fleshed from gross
soft tissue such as tongue, and fixed in 4% paraformaldehyde
(PFA) for 24 hours. Thereafter, samples were transferred to
the decalcification solution to remove calcium from the bone
tissue. After four weeks of decalcification process specimens
were embedded in paraffin and sectioned at 5 pm thickness
for morphological staining. Safranin O staining was used for
morphological analysis, thus cartilage and mucin are stained
in dark red, bone structures and teeth are blue, and the cell
nuclei are stained dark blue.

[0131] Results:

[0132] Morphological analysis of 22 weeks old wild-type
and tPA and uPA double-deficient mice shows that whereas
wild type mice have no inflammation or detachment of col-
lagen tissue from the tooth (FIG. 11, left panels), all the four
tPA and uPA double-deficient mice show severe periodontal
disease: gum tissue is severely inflamed, necrotic tissue (N) is
formed deep in the soft tissue and evident bone septa destruc-
tion (B) had taken place (FIG. 11). These data clearly dem-
onstrate that tPA and uPA double-deficient mice spontane-
ously develop severe periodontal disease, indicating that
active plasmin is also critical in the maintenance of normal
periodontal health.

[0133] Inthe following examples, we are going to describe
the findings we have in the studies of bacterial arthritis and a
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study we are going to perform. We believe we will get similar
promising data as we had in the bacterial arthritis study.
Although the data we have are from the study of bacterial
arthritis, we consider these results strongly shed light to the
promising outcoming when similar studies are performed on
periodontal area. And therefore these results suggest that
local injection of human plasminogen in the periodontal area
can also restore the normal host defense against periodontal
disease in plg—/— mice. This conclusion is based on the con-
sideration of following reasons:

[0134] 1. The host defense mechanisms are in large
extent similar in the knee joint areas and in the periodon-
tal areas, in that in both situations inflammatory cells are
activated and migrated to the infectious area, bacteria are
killed by the activated inflammatory cells and other mol-
ecules, expression of cytokine network are enhanced,
necrotic tissue are removed and tissue remodeling
occurred throughout the host defense process.

[0135] 2. S. aureus is a clinical pathogen that plays
important roles in the infectious processes during both
periodontitis and bacterial arthritis. Therefore, the data
obtained from the studies of S. aureus-induced bacterial
arthritis most likely represent a general phenomenon in
spite of the specific tissue location of the infection.

[0136] 3. Thelocal injection method that was used in the
bacterial arthritis model has also been used in the peri-
odontitis study (see Example 5) and has shown positive
results where local injection of plasminogen reduced
spontaneous periodontitis in plg—/- mice. These simi-
larities further indicate that the results obtained from
bacterial arthritis represent a general mechanism that
also underlies the periodontal disease.

[0137] Therefore, we would like to use data from our stud-
ies on bacterial arthritis (Examples 7 and 8) to support our
claims in the current patent application. The importance of
the data from bacterial arthritis study is that: first, the results
from Example 7 indicate that local injection of plasminogen
restores the host defense capacity (e.g. killing bacteria) in a
induced infection model in plg-/- mice; In addition, the
results from Example 8 indicate that local injection of plas-
minogen in a induced infection model further enhances the
normal host defense capacity (e.g. killing bacteria) in normal
wild-type mice. Furthermore, based on these reasons, we also
include in the current patent application another example that
we going to perform (Example 9). In this example, we
describes a clinical model of induced periodontal disease and
we believe that application of plasminogen can restore the
host defense in plg-/- mice and further enhance the normal
host defense in wild-type mice or other species.

EXAMPLE 7

/=

[0138] Local Supplementation of plg™~ Mice with Human
Plasminogen (hPlg) Restored the Normal Host Defense
Against Bacterial Infection in the Knee Joints

[0139] Methods

[0140] Bacterial arthritis was induced by local inoculation
of 1x10° CFU of S. aureus Phillips in 10 ul sterile PBS into
both knee joints of mice. 15 minutes after bacterial inocula-
tion, one side of the knee joints of 6 plg™"~ mice was supple-
mented with 40 pl of human plasminogen (10 pg/ul in PBS,
Biopool, Umca, Sweden) by local injections around the knee
joint tissue. Thereafter human plasminogen was supple-
mented at 24-hour intervals for 7 days. As controls for local
injections, 6 plg™'~ mice were locally injected around the knee
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joint tissue with 40 ul of sterile PBS alone at 15 minutes after
bacterial inoculation, and thereafter at 24-hour intervals dur-
ing 7 days experimental period. As controls for wild-type
mice, 2 plg+/+ mice were given 40 ul of sterile PBS alone at
15 minutes after bacterial inoculation, and thereafter every 24
hours for 7 days. As controls for plg—/- mice with systemic
injections, 2 plg-/- mice were given 100 pl human plasmi-
nogen (10 pg/ul) intravenously 1 hour before bacterial inocu-
lation and thereafter every 24 hours for 7 days.

[0141] Mice were sacrificed at day 7 after bacterial inocu-
lation and the knee joints were taken and homogenized in 1 ml
sterile PBS. After serial dilutions, the solutions of homoge-
nates were spreaded on LB agar plates and incubated at 37° C.
overnight. Viable bacterial colonies were then counted to
evaluate the number of S. aureus bacteria in each homogenate.
[0142] Results

[0143] 7 days of local injection of plasminogen to plg—/-
mice inoculated with S.aureus successtully and significantly
decreased the amounts of bacteria to 100-folds as compared
to the PBS local treatment in these mice. Both plg-/- mice
with systemic injection of human plasminogen or plg+/+
mice with local injection of PBS have also successtully killed
S.aureus in their knee joints. These data (Table 1) clearly
demonstrate that local injection of human plasminogen can
restore the normal bacterial killing capacity in the plg—/-
mice.

TABLE 1

Bacterial number in plg—/- and plg+/+ mice with different local and
systemic treatments at day 3 after inoculation of 1 x106 CFU
of S. aureus Phillips

Mean number of
bacteria (Mean = SD, x 10°

Groups Number of samples CFU)
Plg—/- with local 6 0.019 = 0.044*
injection of hPlg

Plg—/- with local 6 1.09 = 0.55
injection of PBS

Plg—/- with systemic 2 0.00075 = 0.0011*
injection of hPlg

Plg+/+ with local 2 0.00065 = 0.00092*
injection of PBS

*P <0.05, compared to the group of plg—/— mice with local injection of PBS.

EXAMPLE 8

[0144] Local Supplementation of plg** Mice with Human
Plasminogen Enhances the Host Defense Against Bacterial
Infection in the Knee Joints

[0145] Methods

[0146] Bacterial arthritis was induced by local inoculation
of 1x10° CFU of S. aureus Phillips in 10 ul sterile PBS into
knee joints of mice. 15 minutes after bacterial inoculation,
one side of the knee joints of 7 plg** mice was supplemented
with 50 pl of human plasminogen (hPlg, 10 pg/ul in PBS,
Biopool, Umca, Sweden) by local injections under the knee
skin and around the knee joint tissue. Thereafter human plas-
minogen was supplemented in the same pattern at 24-hour
intervals from day 0 to day 2. As controls for local injections,
7 plg*™* mice were locally injected under the knee skin and
around the knee joint tissue with 50 ul of sterile PBS alone at
15 minutes after bacterial inoculation, and thereafter the same
local injections were performed at 24-hour intervals from day
0 to day 2 of the experimental period.
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[0147] Mice were sacrificed at day 3 after bacterial inocu-
lation and the knee joints were taken and homogenized in 1 ml
sterile PBS. After serial dilutions, the solutions of homoge-
nates were spreaded on LB agar plates and incubated at37° C.
overnight. Viable bacterial colonies were then counted to
evaluate the number of S. aureus bacteria in each homoge-
nate.

[0148] Results

[0149] Local injection at the knee joints of human plasmi-
nogen for 3 days in plg+/+ mice successfully and significantly
reduced the living S. aureus number for 5 folds as the the
control plg+/+ group treated PBS. These data clearly demon-
strate that human plasminogen is a potent pro-inflammatory
factor that potentiate the host defense against bacterial infec-
tion even in wild-type animal. These data (Table 2) further
indicate that plasminogen is a novel anti-infectious drug can-
didate for clinical use.

TABLE 2

Bacterial number in wild-type (plg+/+) mice locally injected with human
plasminogen or PBS at day 3 after inoculation of 1 x10° CFU
of S. aureus Phillips. Note in wild-type mice locally injected with Plg
the bacterial number is significantly lowered for 5 folds than that of
wild-type locally injected with PBS.

Number Mean number of bacteria
Groups of samples (Mean = SE, x 10 CFU)
Plg+/+ with local injection of hPlg 7 0.031 £0.011*
Plg+/+ with local injection of PBS 7 0.14 £0.047

*P <0.05, as compared to the group of Plg+/+ mice with local injection of PBS.

[0150] (Figure has same info as table, so it is not needed.)

Example 9

[0151] Supplementation of Plasminogen Restores/En-
hances the Host Defense Against S. Aureus-Induced Peri-
odontal Disease in Experimental Animals

[0152] Methods

[0153] The experimental model applied in this example is
largely as described before (31), with necessary amendment
to our research settings. Since S. aureus is one of the leading
pathogen in periodontal disease, we will first use S. aureus as
the infectious bacterium in this model. However, since we
believe plasminogen plays a general role in potentiating the
host defense against infection, depending on the laboratory
conditions, we will probably use P. gingivalis as another
infectious bacterium and perform similar studies as with S.
aureus.

[0154] Thirty-six 8 week-old mice are randomly divided
into three groups; ligature-infected, ligature-sham infected
and controls. The mice are kept in conventional maintenance
with a 12-hour light/12-hour dark cycle and are fed chow and
water ad libitum.

[0155]

[0156] For periodontal infection S. aureus-adhered liga-
tures are prepared by immersing 7 mm pieces of sterile liga-
ture in LB broth and cultured at 37° C. to late logarithmic-
early stationary phase. For sham group, the ligatures are
processed with the above procedure but without the microor-
ganisms. For enumeration of the bacteria on the ligatures it is
suspended in 1 ml of LB broth and vortexed for 30 seconds.
Thereafter the suspensions are diluted serially and spread on

S. aureus-Adhered Ligatures for Oral Infection
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LB agar plates and incubated at 37° C. overnight. Viable
bacterial colonies were then counted to evaluate the number
of S. aureus.

[0157] Periodontal Infection

[0158] The infection of the periodontium in the experimen-
tal- and in the sham-infected groups are performed by placing
and tying the ligatures around molar teeth in the maxilla of the
anesthetized animals. A S. aureus-adhered- or a sham-treated
ligature is tied on the first maxillary molar (M1) in the left
maxilla with the help of sterile instruments. After the knot is
tightened, the ligature is pushed into the crevice. Control
animals are not ligated nor infected with the microorganism.

[0159] Detection and Identification of S. aureus

[0160] At the time of sacrifice, the presence of bacteria is
examined by either taking the biofilm samples at the ligated
molar area, or by pulling of the molar tooth carefully and in a
sterile fashion. The samples are immediately transferred into
LB broth, vigorously vortexed, serially diluted and placed
onto LB agar plates and incubated at 37° C. overnight. The
total CFU on the LB agar plates are counted thereafter to
determine the number of bacteria.

[0161] Treatment with Plasminogen

[0162] After verification of the establishment of the model
in mice, daily injection of human plg (10 ul/ul), either sys-
temically through intravenous injection, or locally into the
marginal gingiva at the left maxillary M1 will commence.
The starting point of the injection may be at the time of
experiment starts, or during the infectious stage of the experi-
ment. At the end of the experiment, animals from each group
will be sacrificed for final bacteriological sampling and
analysis. The maxillary jaws separated from the cranium,
de-fleshed from gross soft tissue such as tongue, and fixed in
4% paraformaldehyde (PFA) for 24 hours. Thereafter,
samples were transferred to the decalcification solution to
remove calcium from the bone tissue. After four weeks of
decalcification process specimens were embedded in paraffin
and sectioned at 5 pm thickness for morphological staining.
Safranin 0 staining was used for morphological analysis, thus
cartilage and mucin are stained in dark red, bone structures
and teeth are blue, and the cell nuclei are stained dark blue.

[0163] Results

[0164] Based on our previous experience from plasmino-
gen treatment of plg—/- mice, where injections both systemi-
cally and locally has reconstituted the gingival inflammation,
the normal host defense (e.g. killing of bacteria) and proper
periodontal re-attachment in these animals which have spon-
taneous periodontal disease, we strongly predict a similar
response to the plasminogen treatment of plg—/- mice in the
induced periodontal disease model as described above. Fur-
thermore, based on the data of our previous study on another
infection model, bacterial arthritis model, where local injec-
tion of plasminogen enhances the normal host defense against
infectious bacteria in plg+/+ mice, we strongly predict that
local treatment of plasminogen in plg+/+ mice during the
induced periodontal disease model described above will also
enhance the normal host defense in plg+/+ mice. And thus, all
these data will show a strong indication that plasminogen is a
novel drug candidate to preventing and treating periodontal
disease, improving healing of periodontal wounds and pro-
moting oral health
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1-42. (canceled)

43. A method of treatment of infectious periodontal disease
comprising:
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administering a pharmaceutical composition comprising a
compound selected from the group consisting of plas-
minogen, Lys-plasminogen, Glu-plasminogen, variants
of plasminogen comprising one or more of the kringle
domains and the proteolytic domain, mini-plasminogen,
and kringle domains of plasminogen in an effective
amount to a subject in need of thereof.

wherein the periodontal disease is, or is caused by, a bac-
terial infection.

44. Method of claim 43, wherein the periodontal disease is
selected from the group consisting of periodontitis, gingivitis,
necrotizing gingivitis, periimplantitis, and peri-implant
mucositis.

45. Method of claim 43, wherein the subject is a human,
and the compound is human plasminogen.

46. Method of claim 43, wherein the subject is a non-
human mammal.

47. Method of claim 43, wherein the pharmaceutical com-
position further comprises a pharmaceutically acceptable car-
rier.

48. Method of claim 43, wherein the pharmaceutical com-
position is selected from the group consisting of an aqueous
solution, a gargling solution, a gel, a lotion, a balm, a powder,
a paste, a toothpaste, a bandage, and a wound dressing.

49. Method of claim 43, wherein the pharmaceutical com-
position is administered by a method selected from the group
consisting of spray, topical, oral, local, and systemic admin-
istration.

50. Method of claim 49, wherein the pharmaceutical com-
position is for topical administration and comprises from
about 1 pg to about 500 mg plasminogen per square centime-
ter of the application area.

51. Method of claim 43, wherein the administering is
repeated at least once.

52. Method of claim 51, wherein the administering is
repeated daily.

53. Method of claim 43, further comprising a step selected
from the group consisting of activating inflammatory cells,
enhancing keratinocyte migration, reducing bacterial growth,
removing necrotic tissue, improving tissue remodeling, and
enhancing cytokine expression.

54. A method of promoting the healing of infectious peri-
odontal wounds comprising:

administering a pharmaceutical composition comprising a
compound selected from the group consisting of plas-
minogen, Lys-plasminogen, Glu-plasminogen, variants
of plasminogen comprising one or more of the kringle
domains and the proteolytic domain, mini-plasminogen,
and kringle domains of plasminogen in an effective
amount to a subject in need thereof.

wherein the infectious periodontal wound is a wound
caused by injury or a wound caused by periodontal sur-
gery or plastic surgery.

55. Method of claim 54, wherein the subject is a human,

and the compound is human plasminogen.

56. Method of claim 54, wherein the subject is a non-
human mammal.

57. Method of claim 54, wherein the pharmaceutical com-
position further comprises a pharmaceutically acceptable car-
rier.

58. Method of claim 54, wherein the pharmaceutical com-
position is selected from the group consisting of an aqueous
solution, a gargling solution, a gel, a lotion, a balm, a powder,
a paste, a toothpaste, a bandage, and a wound dressing.



US 2016/0184411 Al

59. Method of claim 54, wherein the pharmaceutical com-
position is administered by a method selected from the group
consisting of spray, topical, oral, local, and systemic admin-
istration.

60. Method of claim 59, wherein the pharmaceutical com-
position is for topical administration and comprises from
about 1 pg to about 500 mg plasminogen per square centime-
ter of the application area.

61. Method of claim 54, wherein the administering is
repeated at least once.

62. Method of claim 61, wherein the administering is
repeated daily.

63. Method of claim 54, further comprising a step selected
from the group consisting of reducing fibrin deposition, pro-
moting keratinocyte migration, enhancing cytokine expres-
sions, removing necrotic tissue, activating inflammatory
cells, and improving tissue remodeling.

64. A method of prophylaxis of infectious periodontal dis-
ease comprising:

administering a pharmaceutical composition comprising a

compound selected from the group consisting of plas-
minogen, Lys-plasminogen, Glu-plasminogen, variants
of plasminogen comprising one or more of the kringle
domains and the proteolytic domain, mini-plasminogen,
and kringle domains of plasminogen in an effective
amount to a subject in need of thereof,

wherein the infectious periodontal disease is due to

wounds caused by trauma or surgery, and wherein the
infectious periodontal disease is caused by bacterial
infection.
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65. The method of claim 64, wherein the infectious peri-
odontal disease is periimplantitis or peri-implant mucosititis.

66. The method of claim 64, wherein the subject is human
and the compound is human plasminogen.

67. Method of claim 64, wherein the subject is a non-
human mammal.

68. Method of claim 64, wherein the pharmaceutical com-
position further comprises a pharmaceutically acceptable car-
rier.

69. Method of claim 64, wherein the pharmaceutical com-
position is selected from the group consisting of an aqueous
solution, a gargling solution, a gel, a lotion, a balm, a powder,
a paste, a toothpaste, a bandage, and a wound dressing.

70. Method of claim 64, wherein the pharmaceutical com-
position is administered by a method selected from the group
consisting of spray, topical, oral, local, and systemic admin-
istration.

71. Method of claim 64, wherein the pharmaceutical com-
position is for topical administration and comprises from
about 1 ug to about 500 mg plasminogen per square centime-
ter of the application area.

72. Method of claim 64, wherein the administering is
repeated at least once.

73. Method of claim 72, wherein the administering is
repeated daily.

74. Method of claim 64, further comprising a step selected
from the group consisting of activating inflammatory cells,
enhancing keratinocyte migration, reducing bacterial growth,
removing necrotic tissue, improving tissue remodeling, and
enhancing cytokine expression.
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