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ABSTRACT

Specialized Pro-Resolving Mediators: Resolving Inflammation and Restoring Bone

Carrie Bilbrey, Amber Raglin and Amber Tran
Caruth School of Dental Hygiene, School of Dentistry
Texas A&M University

Faculty Research Advisor: Mikhail Umorin, Ph.D.
Department of Biomedical Sciences, School of Dentistry
Texas A&M University

Research Faculty Advisor: Kayla Reed, BSDH, MS-EDHP
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Texas A&M University

Research Faculty Advisor: Brandy Cowen, RDH, MS
Caruth School of Dental Hygiene, School of Dentistry
Texas A&M University

Periodontitis is a chronic inflammatory disease characterized by gingival inflammation
and loss of periodontal ligament attachment, which if severe enough can lead to the irreversible
destruction of surrounding alveolar bone !. In chronic inflammation, hosts are in a prolonged
state of dysbiosis characterized by more proinflammatory cells and cytokines. This results in a
lack of their anti-inflammatory counterparts, stopping the ability of the host periodontium from
resolving naturally. Under normal circumstances, inflammation is resolved, and the immune
system is returned to baseline through the action of endogenous lipid-derived molecules called

specialized pro-resolving mediators (SPMs). Specialized pro-resolving mediators (SPMs) are an



endogenous class of fatty acid-derived molecules that function to return the immune system to
homeostasis. Recent pre-clinical studies showed that administered SPMs successfully resolved
inflammation in rabbit and swine models of periodontitis. Phase I clinical trials using the lipoxin
class of SPM in a mouth rinse demonstrated that SPMs were well tolerated by patients, and post-
hoc efficacy analyses indicated that SPM therapy reduced gingival inflammation. Evidence also
suggests that lipoxin administration reduced bleeding on probing and pocket depth in a subset of
patients with advanced periodontitis. These studies collectively indicate that SPMs restore
alveolar bone and regenerate periodontal ligament (PDL). This article will review the recent
evidence demonstrating that SPM therapy resolves inflammation by inhibiting neutrophil
chemotaxis and proinflammatory cytokine secretion. SPMs reduce bone resorption, restore
alveolar bone, and regenerate PDL. Although further clinical studies are needed to evaluate the
best SPM class and dosage, these data indicate that SPM therapy has the potential to

transform the treatment of periodontitis.
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INTRODUCTION

Periodontal disease (periodontitis) is an inflammatory disease of the periodontium
characterized by periodontal ligament loss and destruction of surrounding alveolar bone.
Periodontitis has an estimated prevalence of 61.9% in the world population with progression to
severe stages in 16.8% '2. The tissue loss caused by severe periodontitis frequently results in
loosened and lost teeth. Further, the sustained inflammatory state caused by this disease
predisposes those it afflicts to systemic inflammatory conditions such as diabetes, arthritis, and
inflammatory bowel disease. Thus, periodontitis is a major world-wide health problem.

Periodontitis begins as an infection of the gingiva induced by chronic exposure to biofilm
in dental plaque **. Nonspecific accumulation of plaque and the lack of removal, commonly
exacerbated by poor oral hygiene practices, leads to an inflammatory response within the
gingival tissues. Immune cells migrate to the site of infection to kill and remove pathogens.
However, when these cells fail to clear pathogens or infection persists from continued microbial
exposure, tissue repair and return to homeostasis is prevented. Instead, inflammation becomes
chronic 3. Chronic inflammation induces the adaptive immune response, which further increases
recruitment and activation of proinflammatory cell types %7. These cells secrete cytotoxic
enzymes and substances originally intended to destroy the invading pathogens, but their
sustained presence causes increased tissue damage. Thus, the host response, not bacterial
infection, causes the long-term destruction seen in periodontal disease.

With disease progression, the persistently elevated levels of inflammatory cytokines
released by immune cells in the periodontium stimulate monocyte-derived osteoclasts to

reabsorb bone, while osteoblast-mediated bone production is suppressed. This change in



homeostatic balance is caused by persistently elevated levels of immune cells in the
periodontium 3. As gingival tissue is degraded, followed by the periodontal ligament, and then
bone resorption, pockets form and deepen. The anaerobic environment within these pockets
favors a shift further toward gram-negative bacteria, especially P. gingivalis, T. denticola, and T.
forsythia. These “red complex” bacteria are the hallmark pathogens of periodontal disease. The
proliferation of these bacteria contributes to dysbiosis that amplifies the inflammatory response,
further enriching the environment with tissue breakdown products that enhance their growth'©.
Thus, a feed-forward cycle of infection, inflammation, and destruction spins out of control and
results in irreversible tissue loss.

Under normal circumstances inflammation is resolved and the immune system is returned
to baseline through the action of endogenous, lipid-derived molecules, called specialized pro-
resolving mediators (SPMs). These arachidonate-derived molecules are produced by resident
tissue cells and immune cells, bind to their receptors on immune cells, and shift their phenotype
to a post-inflammatory state conducive to tissue healing. The local pathological environment in
chronically inflamed periodontal tissue suppresses normal SPM synthesis, allowing the disease
to continue 12,

Current treatments for periodontitis are aimed primarily at physically removing the
biofilm responsible for initiating infection and inhibiting its growth with antibiotics. Scaling and
root planing is the first line of treatment to remove pathogenic organisms and other foreign
debris from the oral tissue. Antibiotic medications kill pathogenic organisms. Together, these
methods aim to reduce the bacterial load and minimize inflammatory stimulus '3!3, Anti-
inflammatory medications are sometimes used to block the cyclooxygenase enzymes that

synthesize prostaglandins and alleviate initiation of inflammation with eventual resolution ',



More invasive surgical periodontal therapy is sometimes used to recontour irregular bone
patterns caused by resorption as a result of advanced disease !”-'8. All these therapies attempt to
create an environment more conducive to resolve inflammation. However, none of them directly
influence the inflammatory mechanisms underway once activated. Nor do they act upon or take
advantage of the body’s innate resolution mechanism.

Understanding the pathogenesis of periodontitis as an inflammatory disease rather than
an infectious disease offers the potential to change the treatment paradigm. Recent studies have
demonstrated that application of exogenous SPMs to facilitate the natural resolution of
inflammation is effective in several chronic inflammatory diseases, and this strategy is now
being explored in periodontitis -7,

This work will review the pathogenesis of periodontitis, including its underlying
inflammatory mechanisms and their natural resolution by SPMs. It will then describe the current

data on SPM usage in inflammatory disease treatment, and its application to the treatment of

periodontitis as an alternative to conventional therapies.



1. INFLAMMATORY RESPONSE

Chronic inflammatory disease is a pathological maintenance of the host immune response
to infection or other inflammatory stimuli. The sustained host response is responsible for the
tissue damage and disease progression 2%2!, Current efforts at treating chronic inflammatory
disease, including periodontal disease, are thus aimed at understanding, and targeting the cellular
mechanisms underlying that host immune response to infection. This section will review current
knowledge of those mechanisms in the context of periodontal disease.

The immune system functions to prevent or eliminate infection 3. The innate immune
system is the body’s initial defense, designed to attack invading organisms upon first contact.
Neutrophils, eosinophils, basophils, mast cells, monocytes/macrophages, and dendritic cells
constitute this group. Their main function is to respond quickly to a microbial infection and
engulf or digest the invaders while activating the adaptive immune response that follows. That
response includes the participation of various subtypes of T and B lymphocytes that are
synthesized to recognize specific epitopes on invading organisms and thus more efficiently
identify and destroy them than innate mechanisms alone.

Periodontitis is a disease of dysbiosis resulting from a shift in the types of invading
organisms away from normal oral microbiota to more pathogenic species. Initial invasion of soft
gingival tissues by chronic exposure to the flora in plaque activates the innate immune response,
causing the digestion of gingival collagen and the formation of pockets. As these pockets deepen,
a localized region of edematous tissue is surrounded by nutrient-filled exudate forms. The
anaerobic environment created in these pockets favors the multiplication of gram-negative

bacterial species as opposed to normal gram-positive aerobic ones. The initial shift causes the



predominance of what is termed the “orange complex,” composed of Prevotella intermedia,
Prevotella nigrescens, Prevotella micros, and Fusobacterium nucleatum. As inflammation
continues in response to these pathogenic species, tissue damage extends to the periodontal
ligament, and pockets deepen. The orange complex species give way to the “red complex™
bacteria Tannerella forsythia (T. forsythia), Treponema denticola (T. denticola),

and Porphyromonas gingivalis (P. gingivalis) classically associated with advanced periodontitis
2223 This protected microenvironment tailored to nurture these pathogenic species provides the
setting for the elevated and unrelenting inflammatory host response that ultimately results in
permanent tissue loss.

Figure 1 diagrams the actions of the red complex in the presence of an imbalanced host
defense and persistent unresolved inflammation in the periodontium. Beginning at the site of
disease, Mast cells and resident tissue macrophages recognize microbial structures and factors
released by damaged tissue 24?3, These cells release histamines, prostaglandins, and chemokines
with the collective effect of increasing vascular permeability and emigration of leukocytes from

the capillaries to the site of infection.
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Figure 1. Imbalanced host defense and the effects of unresolved inflammation. Three oral pathogens (Red
Complex) that induce the inflammatory response in host cells that leads to gingivitis and periodontitis.
Cytokines induced by this response increase osteoclast activity and decrease osteoblast activity leading to the
destruction of alveolar bone and periodontal ligament attachment. Created with Biorender.

Neutrophils are the first responders of the immune system. These phagocytic cells
extravasate from the blood stream and become activated by the local signals to engulf microbial
pathogens while also producing reactive oxygen species (ROS) and a panel of proteolytic
enzymes. These substances are non-specific in nature. ROS oxidize and destroy bacterial
structures and host tissue alike, while the enzymes, such as elastase, digest both pathogens and
host tissue. Evolution has determined that this limited and localized destruction of host tissue is a
suitable price to pay for the elimination of the invaders, and normally such damaged tissue is
restored in the subsequent healing phase 2%?’. However, the longer that inflammation persists,
the more activated neutrophils are recruited, and the more tissue is damaged by the substances

they secrete. Additionally, as more are recruited to a specific site, the toxic lysis products from
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expended neutrophils accumulate, and the delay in removal of these waste products directly
promotes tissue damage. As inflammation extends into the chronic phase without transition to
resolution, neutrophils increasingly do more harm than good.

Monocyte-derived macrophages are the second type of phagocytic cell to populate the
site of infection. They play several roles in initiation, potentiation, and resolution of
inflammation, depending on context ?%. For this discussion's purposes, macrophages exist at the
injury site as pro-inflammatory M1 cells or as anti-inflammatory/pro-resolution M2 cells. M1
macrophages play a vital role in localized vasodilation and recruitment of neutrophils,
accelerating the innate response through their secretion of proinflammatory cytokines and
chemokines. At the same time, they function as antigen-presenting cells (APCs) by presenting
epitopes from phagocytosed pathogens on their surface to activate the adaptive immune
response. And finally, M2 macrophages enable the resolution phase, both by secreting anti-
inflammatory cytokines and by functioning as the primary “clean-up” cell during the return to
homeostasis. As neutrophils undergo programmed cell death (apoptosis), resolution-phase
macrophages remove the leftover cytotoxic cellular debris to make way for tissue healing.
Macrophage phenotype switching depends strongly on local cytokine production by T-cells of
the adaptive immune system and on production of SPMs by resident tissue cells 2°.

Dendritic cells (DCs) are also APCs. In fact, they are the primary APCs in the activation
of T and B cells. Immature DCs patrol the oral tissues and phagocytose pathogenic fragments.
From there, they travel to the lymph nodes, where they mature and present these antigens with
major histocompatibility complex (MHC) class II proteins to T-helper (Th) cells. The maturity

stage of DCs influences their capacity to present antigens, and thus their preference for activation
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of proinflammatory or anti-inflammatory Th types (detailed below) 3°-32, This means that control
of DC maturity is a major influence in the system’s decision to maintain or resolve inflammation.

Cells unique to periodontal tissues involved in innate immunity include periodontal
ligament fibroblasts (PDLFs) and gingival fibroblasts (GFs). PDLFs function to attach teeth to
surrounding bone via the periodontal ligament. However, in the presence of pathogenic bacteria
and proinflammatory products, they also release cytokines that are inflammatory and promote
osteoclast activity. GFs are highly reactive to foreign pathogens. In the presence of foreign
invaders, GFs are stimulated to release proinflammatory molecules and increase the reactivity of
neutrophils 3.

B cells serve to differentiate into antibody-producing plasma cells and memory cells 3.
Plasma cells produce antibodies that bind to pathogens to mark them for cell death. Studies have
demonstrated that B cells sensitized to periodontal pathogens also have the capability to
stimulate osteoclast activity and thus may play a significant role in periodontitis-induced bone
resorption 333,

T lymphocytes are major determinants of inflammatory progression in the periodontium
36 T cells mature in lymphatic tissues and differentiate primarily into CD4+ T-helper (Th) or
CD8+ cytotoxic cells. CD8+ cells are adaptive MHC I-displaying cells that bind epitopes of
specific pathogens to “dock” with them and release enzymes that kill them. Th cells, as their
name implies, activate other immune cells to help facilitate their actions in cell-based or humoral
immunity. We will focus this discussion on four specific types of Th cells that play critical roles
in periodontal inflammation: Th1, Th2, Th17, and Treg. The complex interplay between each of

these cell types and their connections through the cytokine network is diagrammed in Figure 2.

13



Macrophage

A )

- ,‘\, )

— \ 'O /

\ -
() | o Osteoclast
A

Neutrophil

o

Cytotoxic T cell

Figure 2. Simplified diagram of the cytokine network connecting Th cells
with inflammatory cells. Th cells develop from naive CD4+ cells, while
cytotoxic T cells derive from the CD8+ population. See text for details.

Created with Biorender.

Thl cells act to promote cell-mediated immunity and regulate autoimmunity while Th2

cells promote humoral immunity. Interferon-gamma (IFN-y), the major cytokine produced by

Th1 cells, activates macrophages and cytotoxic T cells, while Interleukin-4 (IL-4), the major

product of Th2 cells, potentiates B cell differentiation 37. Th1 and Th2 cells regulate each other’s

numbers 8. IL-2 produced by Thl cells inhibits CD4+ progenitor differentiation into Th2 cells,

while Th2-produced IL-4 inhibits Th1 differentiation. Despite their role as macrophage

activators, Th1 cells appear to have a protective function in periodontitis in that they suppress

osteoclast differentiation 3°. Th1 cells do so by switching monocytes from an osteoclastic to a

macrophage lineage, even though they are often viewed as pro-inflammatory in their cytokine
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profile. The role of Th2 cells in tissue destruction is less clear. In some experimental models,
these cells are protective, while in others, they associate with tissue damage, suggesting that their
role is context dependent 3.

Th17 cells are so named for their primary cytokine product, IL-17, and they play a role
primarily in microbial immunity. The cells promote osteoclastogenesis, and thus bone
destruction, as well as neutrophil proliferation and activation. Thus, their overall effect is
considered pro-inflammatory and destructive in the periodontium.

T regulatory (Treg) cells inhibit expansion of the other Th types and suppress osteoclast
differentiation and macrophage activation *°. Thus, they suppress inflammation and promote

resolution 4143

. Interestingly, one of their primary secreted factors, transforming growth factor-
beta, has an anti-inflammatory effect on Th17 cells. Tregs are present in limited numbers in
diseased periodontium. However, their numbers increase during the resolution phase, indicating

their importance in the return to homeostasis. Treg multiplication is spurred by the IL-2 secreted

from Thl cells, thus enabling the beginnings of resolution even as inflammation ramps up.
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2. INFLAMMATORY RESOLUTION AND THE ROLE OF SPMS

Return to tissue homeostasis is not merely a passive cessation of inflammation.
Resolution is an active process, enacted by phenotype switching of immune cells and mediated
by an underlying shift in cytokine expression. Thus, the normal inflammatory process is a highly
orchestrated sequence of events in which inflammation peaks, recedes, then gives way to
resolution, and finally tissue healing and homeostasis. Chronic inflammation is not simply the
maintenance of the proinflammatory state, but the hindrance of resolution.

The seeds of resolution germinate at the height of inflammation. The proinflammatory
prostaglandins and cytokines produced by mast cells, tissue macrophages, and activated
neutrophils activate transcription of genes in these cells that switch arachidonic acid from
prostaglandin synthesis over to production of specialized pro-resolving mediators (SPMs) 7.

Figure 3 illustrates the synthesis of each class of SPM from dietary polyunsaturated fatty
acids. Omega-6 fatty acids further break down into arachidonic acid (AA) which reduce to
lipoxins. Lipoxins activate antimicrobial defense mechanisms by promoting the release of anti-
inflammatory cytokines and inhibiting inflammatory cells and their cytokines as well as
stimulating the uptake of apoptotic neutrophils.!! Omega-3 fatty acids break down into two
molecules: Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA). EPA can be reduced
to the resolvins E series SPMs while DHA can be broken down into the resolvins D series,

protectins, and maresins.***.
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Figure 3. SPMs classes are derived from polyunsaturated fatty acids. Lipoxins derived from Arachidonic acid.
Resolvins E series are derived from Eicosapentaenoic acid. Resolvins D series, Protectins and Maresins are
derived from Docosahexaenoic acid. Adapted from J Periodontal. 2020;91 (Suppl 1):519-S25.
doi:10.1002/JPER.20-0088.

Lipid mediator class switching from pro-inflammatory eicosanoid synthesis to SPMs
happens in neutrophils, macrophages, and Treg cells 6. The SPMs bind to their G-protein
coupled receptors and induce neutrophils to undergo programmed cell death, efferocytosis of
dying neutrophils by macrophages that switch from the pro-inflammatory M1 to the pro-
resolving M2 phenotype, and a shift of T cells from Th1 and Th2 lineage to a Treg commitment
1247 The result of this realignment toward resolution is that neutrophils cease their extravasation
and proliferation and undergo apoptosis, macrophages clean up the fragments of dying
neutrophils instead of releasing pro-inflammatory cytokines, and T cells reset adaptive immunity
to long term tolerance and homeostasis (Figure 4). An important feature of resolution is that it
does not leave the immune response helpless against renewed infection by pathogenic organisms,
but rather resets the adaptive immune response to program memory B and T cells for quick
response to later infection. SPMs inhibit the conversion of naive T cells to pro-inflammatory Th
cell types and shift them to the Treg lineage. The increase in the Treg cell population, also

encouraged by Thl-produced IL-2, further inhibits inflammatory IL-17 cytokine production from
17



Th17 cells and promotes a return to wound healing and homeostasis. Treg cells also promote

osteoblast activity to grow new bone and inhibit osteoclast resorption *!.

Resolution of inflammation,
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regenerate bone and PDL
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Figure 4. SPMs resolve the inflammatory response. SPMs inhibit lymphocyte activity, promote
neutrophil apoptosis and phagocytosis by macrophages, while also shifting osteoblast/osteoclast activity
balance toward bone formation to reestablish normal bone homeostasis. Created with Biorender.

The presence of active resolution pathways presents targets for manipulation in
resolution-mediated therapies, rather than just inhibiting the pro-inflammatory stimulus. Further,
because resolution stimulates tissue healing, pharmacological targeting of resolution pathways

offers the potential for tissue restoration rather than just conservation of remaining tissue.
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3. CURRENT PERIODONTAL THERAPY OPTIONS

Standard of care for periodontitis consists largely of non-surgical and surgical techniques
to remove the pathogenic biofilm and with it the inflammatory stimulus in the hopes that tissue
destruction will slow and perhaps cease **%. The objective is to then maintain a healthy
periodontium by a combination of professional care and patient self-care. The current first line
treatment of chronic periodontitis is nonsurgical periodontal debridement (NSPD) also known as
scaling and root planing (SRP). SRP involves the use of various hand instruments and ultra-sonic
scalers.

Hand instrumentation requires the clinician to exert moderate to heavy lateral pressure to
remove calculus. This force fatigues the operator over time and can potentially damage tooth
structure. With incorrect angulation and instrumentation, patient tooth structure can be damaged
causing sensitivity and increasing the risk of developing carious lesions.

Thus, SRP is commonly accomplished with ultrasonic scalers, such as the Cavitron and
Piezo-electric 3. These instruments decrease operator fatigue and increase efficiency of calculus
and biofilm removal. Through the mechanism of a longitudinal or elliptical movement, calculus,
and biofilm are easily removed with the correct technique. The variance in the reliability of
different clinicians determines the success of this method. By disrupting bacterial-produced
biofilms and removing hard deposits, the source of the inflammatory stimulus is removed
mechanically. However, some more virulent bacterial strains have adhesive properties that allow
them to avoid mechanical removal. In addition, if the bacteria are not reached through SRP due
to clinician accessibility or pocket depths greater than 5 mm, those pathogens remain in diseased

tissue and require more invasive treatment.
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If there is significant destruction past the ability of an instrument alone to fully debride
the teeth, surgical debridement is required. Given the state of severely diseased tissue and the
response of cells involved in bone destruction, the periodontium becomes disfigured. Bone loss
in a diseased pattern leaves alveolar bone serrated, which in return creates surfaces favorable for
bacterial preservation and expansion and, subsequently, loss of dentition. To avoid further
infection and tooth loss, surgical treatments are required to treat periodontitis to restore a
symbiotic environment. These treatments include open flap debridement, osseous resective
surgery, and periodontal regeneration.!”#

In periodontal flap surgery, incisions are made in the gingiva to allow for separation of
the epithelial tissues from the roots and alveolar bone. This access allows clinicians to remove
calculus and biofilm past the 5 mm mark instead of relying solely on tactile sensitivity, as during
the SRP procedure. Osseous resective surgery uses a combination of an ostectomy and
osteoplasty. This functions to restore the alveolar bone to a pre-disease contour and thus the
overlying gingiva.

Periodontal regeneration therapy includes various combinations of membranes, bone
grafts, a combination of bone graft and membrane, and biologics. Biologics include enamel
matrix derivatives, platelets preparations, and growth factors that function to encourage growth
of bone and the overlying periodontium 4%

Antibiotics and anti-inflammatory drugs are also used as adjuvants in the treatment of
periodontitis. Antibiotics are locally and systemically applied to remove pathogenic
microorganisms that remain after physical cleaning. The infectious agents inhabit gingival
pockets where the patient’s normal oral hygiene practices have trouble reaching. Antibiotics are

typically indicated for chronic or aggressive periodontitis with ongoing tissue damage >'. Typical
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antibiotic selections are tetracycline and derivatives, Augmentin, and metronidazole. However,
long-term antibiotic use risks the development of antibiotic resistance and impaired host defense
against other organisms. Further, pH differences in the anaerobic microenvironment may inhibit
antibiotic effectiveness. Thus, antibiotic treatment is only a supplementary treatment for
periodontal disease. It cannot address the inflammatory cascade, only assist in the temporary
reduction of the microbial stimulus.

Non-steroidal anti-inflammatories (NSAIDs) stop initiation of the inflammatory response
by blocking the cyclooxygenase (COX) enzymes that synthesize prostaglandins from arachidonic
acid 16233, Thus, NSAIDS inhibit vascular permeability, neutrophil activation, pro-
inflammatory interleukin secretion, and Th cell differentiation. However, anti-inflammatory
medications are not safe to use chronically, as they can result in detrimental effects to the
cardiovascular system, liver, kidneys, and gastrointestinal tract >*>4. Further, they only inhibit
initiation of an inflammatory process that has already begun, and by inhibiting COX enzymes,
they suppress the lipid mediator class switching that reorients arachidonic acid toward lipoxin
synthesis. Therefore, while NSAIDS slow inflammation, they also stunt resolution and prevent
return to homeostasis.

In summary, the current standard of therapy for periodontitis is to remove the
pathogenic microbial stimulus and stifle the initiation of inflammation. Current therapies do not
subdue the inflammatory cascade once it has proceeded to the self-sustaining chronic phase, nor

do they allow for natural resolution that leads to healing and homeostasis.
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4, SPECIALIZED PRO-RESOLVING MEDIATORS IN

PERIODONTAL THERAPY

The discovery of SPMs and their cellular receptors present opportunities to activate the
endogenous resolution programs that are inhibited in chronic inflammation. Stabilized analogs of
these lipid mediators have been shown as effective agonists of resolution pathways, able to tip
the balance toward homeostasis in chronic inflammatory diseases. As endogenously produced
molecules, SPMs do not suppress the immune system which means treatment is well tolerated
and can be maintained over longer periods of time in comparison to anti-inflammatory
medications.

SPM therapy is currently used to treat patients with arthritis and chronic pain and is being
evaluated for the treatment of gastrointestinal (GI) inflammation, Alzheimer’s disease (AD),
Parkinson’s disease (PD), and multiple sclerosis (MS), all of which display components of
sustained inflammation +3°-69, Elevating the levels of resolvins in synovial fluid has proven to
reduce the inflammation associated with arthritis, resulting in significant reduction in pain
intensity °!. Because SPMs do not suppress normal immunity and potentiate adaptive immunity,
they have also shown potential for lowering antibiotic dosages and course of treatment necessary
to treat infection, thus preventing antibiotic resistance .

The successful resolution of chronic inflammation by exogenous SPM application in
other chronic diseases prompted pre-clinical investigation of their effectiveness in treating
periodontal disease. The first of these studies used a rabbit model of induced periodontitis
established through ligature and application of the red complex bacterium, P. gingivalis, for six

weeks 2. Rabbits prepared through ligature demonstrated significant alveolar bone loss. At the
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initial six-week mark, bone loss in bacteria-induced rabbits averaged 30% compared to the
ligature-only group. Rabbits were either treated with vehicle alone or Resolvin E1 (RvEI]) for an
additional six weeks. The authors of this study chose RvEI because of previous evidence that
eicosapentaenoic acid (EPA) containing lipids, metabolic precursors to resolvins (Figure 3),
suppress inflammation in several human diseases >%. Whereas animals treated with vehicle
alone showed advancement of the disease as measured by increased bone loss and tooth mobility
over this time, topical treatment with RvE1 three times a week for six weeks resulted not only in
cessation of inflammation but also restoration of alveolar bone to near pre-disease levels. Tooth
mobility in the resolvin treated group was also eliminated. Pocket depths in inflamed rabbits that
averaged 4 mm before treatment were reduced to less than 1 mm by RvEI treatment, while
untreated pockets went on to deepen to over 7 mm. Restoration of damaged tissue is not seen in
standard periodontal disease therapy. The fact that resolvin treatment not only halted disease but
reversed its effects was a striking demonstration of the potential for resolution pharmacy in
periodontal care.

In patients with aggressive periodontitis, neutrophils produce increased amounts of the
lipoxin LXA4 compared to those without periodontal disease. However, the lipoxins produced
were either too little in substantivity or incapable of binding to receptors 9. This was proven by a
failure of resolution and progression of disease. In order to further explore the potential for SPM
treatment of human periodontal disease, Van Dyke and coworkers applied a lipoxin analog to a
porcine model of periodontitis . Unlike rodents, pigs can develop periodontitis in gingival
defects without applying red complex bacteria, thus simulating the disease etiology in humans
more closely. And, as in humans, tissues lost to disease are not restored. Porcine chronic

periodontitis was treated with surgical debridement followed by membrane vesicle particles

23



containing the stable lipoxin analog BLXA4. These so-called nano-proresolving medicine
(NPRM) particles alone had little effect after three months of treatment, while treatment with
lipoxin-conjugated NPRM-BLXA4 particles resulted in significant regrowth of bone and

periodontal ligament.
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S. PHASE | CLINICAL TRIAL

The striking success of SPMs in not only arresting but reversing periodontal damage in
animal models led to the first clinical trial of SPMs as treatment of chronic gingival
inflammation. Phase I trials are aimed at assessing the safety of therapeutic treatments in
patients, although data is collected for limited post-hoc assessment of efficacy that can be used to
inform and justify further trials. This study focused on the use of a stable analog of lipoxin A4,
denoted BLXA4, in inflammatory periodontal disease °. Treatment was provided in the form of
an ethanol-based mouth rinse. The clinical trial allocated 127 subjects into three groups: a
vehicle alone mouth rinse without lipoxin, a treatment with lipoxin, and a no treatment group. 50
subjects were part of a vehicle rinse group, 50 were given the BLXA4 rinse treatment, while the
remaining 27 were assigned to use no rinse at all. Patients were enrolled based on positive
diagnoses of gingival inflammation ranging from gingivitis to severe periodontitis. The trial
reported no ill effects from the treatment, validating the safety of SPM treatment and paving the
way for further efficacy trials. Further, the study showed after 14- and 28-day time points a
statistically significant reduction in modified gingival index (MGI) of approximately 20% for the
BLXAA4 treatment group compared to vehicle rinse. The MGI uses a visual scale to access
gingival health scoring from 0-4 (healthy-localized mild, generalized mild, moderate, and severe)
by trained clinicians blinded to group assignment of the patients.

Another key clinical endpoint associated with gingival inflammation, bleeding on
probing, was measured using a dichotomous measure, as 1=bleeding 0=no bleeding within 15

minutes following probing of the site. Change from baseline at Day 14 and Day 28 was
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compared between groups. The BLX A4 group demonstrated greater reduction in bleeding
compared to vehicle group at both Day 14 and Day 28 (*p<0.0001; *p=0.0053, respectively).

As pocket depth is a primary measure of the severity of chronic periodontitis, change in
probing depth was also measured in a subgroup of subjects exhibiting periodontal disease with
pocket depths > 6 mm at baseline (denoting serious progression of disease). There were 5
subjects in the BLXA4 group, 7 subjects in the placebo group, and 5 subjects in the no rinse
group. Change over time revealed that periodontal pocket depth reduction (-1.23 + 0.4 mm) with
a 1.22 + 0.6 mm clinical attachment gain was most pronounced in the BLXA4 group compared to
the placebo group (-0.71 = 0.3 mm in PD with a CAL gain of 0.72 + 0.3 mm). However, this
change was not statistically significant, possibly due to both the variability starting pocket depth
of the sample population and the small number of patients in each group.

Serum levels of all four classes of SPMs were increased by the oral lipoxin treatment
compared to controls. This finding suggested that resolution of inflammation in the oral cavity
may increase systemic protection against inflammatory stimuli.

The limited efficacy data from this first ever clinical trial of SPMs in periodontal disease
paved the way for future patient studies on the full potential of SPM effects in oral health care.
The data obtained from this phase I trial did not establish the ability of lipoxin treatment to
restore alveolar bone and PDL as seen in animal models. However, sample sizes were meager,
and variability was high in this subgroup. These factors may have obscured observation of a
significant difference. Further, a longer course of treatment may possibly have yielded a
statistically significant improvement. Overall results were encouraging, and serum levels of

SPMs indicated that pro-resolution molecules of all types may be elevated by administration of
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just one type of molecule. Additional studies should reveal which class or classes of SPM

produce the best results in resolution of periodontitis and at what dosages and treatment courses.
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CONCLUSION

Periodontitis is a disease of inflammation induced by periodontal pathogens. The host’s
inflammatory response is key in the progression and severity of disease.!? Current treatments for
SPMs include SRP, surgical periodontal therapy, antibiotics, and anti-inflammatory medications
(NSAIDs).#523 but these treatment methods act only to reduce initiation of the inflammatory
response. They do not facilitate its progression to healing and homeostasis. Rather, the
inflammatory pathways remain locked in a cycle of tissue destruction.

SPMs show promising results as a new class of treatments known as “resolution
pharmacy.” Treatment with SPMs work with the immune response instead of suppressing it.
Current studies on the use of SPMs have led to a new perspective on treatment of inflammatory
diseases, including periodontitis. For the first time, therapies with lipoxins and resolvins have
been shown to be effective in not only halting the progression of periodontitis but in reversing its
tissue damage and restoring healthy periodontium.>® Taken together, these studies represent a
shift in the treatment paradigm away from fighting the immune response, to working with it.

The path toward SPM use as standard of care in periodontal disease still has several
milestones to be reached. Which SPM classes yield the best results and in what combinations
must be determined. Also, in question is whether SPMs should be used as preventatives to avoid
gingival inflammation or reserved for the treatment of acute disease. Also, yet to be determined
is whether SPM application is most effective when combined with clinician-performed
treatments like SRP, or if it can be used alone to a significant effect.

SPMs are not the only target for resolution pharmacy. Inhibitors and activators of a host

of interleukins, cytokines and chemokines involved in the switch from initiation of inflammation

28



to resolution remain to be explored '?. Studies on these other pathways may eventually be
combined with SPM therapy to even greater effect than the benefits now being seen with SPMs
alone. Nevertheless, alone or in combination, specialized pro-resolving mediators represent a

revolution in the treatment of periodontitis.
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