Literature Review Medl nfo 'm

DOI: 10.18044/ MEDINFORM.202292.1504 ISSUE 2, 2022

Modulation of host response - use in

periodontal diseases

Antoaneta Mlachkova

Faculty of Dental Medicine, Department of Periodontology, Medical University, Sofia, Bulgaria

Abstract

The basis of the macroorganism’s reaction is the inflammatory response to the presence of plaque biofilm,
modified by genetic factors (which explains why the rapidly progressive forms of periodontitis have a tendency for
family aggregation), as well as systemic environmental factors (smoking, diabetes, stress).

Periodontal diseases are multifactorial, complex diseases driven by the immune-inflammatory response to
bacterial plaque in susceptible patients. The importance of the body's response as a determinant in susceptible
patients has led researchers to identify the genetic frequency that characterizes individuals as resistant or
susceptible to the disease. Researchers are also investigating host response modulating therapies (HMTs) aimed
at modifying or reducing the destructive aspects of the immune response so that the immune-inflammatory
response to bacterial plague is less damaging to the periodontal tissues. As the pharmaceutical industry develops,

HMTs as an adjunctive therapy in periodontal disease will target different aspects of the body's response.
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Introduction

Host response modulation therapy (HMT) is a concept which goal is to reduce tissue destruction, stabilise
or regenerate the periodontium by modifying or suppressing the body's destructive response processes, by
enhancing the protective or regenerative response. Host response modulation therapy includes systemic or
local medication that are part of the periodontal treatment and are applied as an adjunct to conventional
scaling and root planning (SRP) therapy, or as part of the surgical treatment. The interest in HMTs use in
the treatment of periodontitis is crucial for a better understanding of the pathogenesis of periodontitis and

1504



Literature Review Medl nform

ISSUE 2, 2022

the importance of the host response in susceptibility to the disease and its progression. The application of
HMTs offers a new, more modern level of periodontal treatment strategies. (1,2)

Historically, the treatment of periodontitis has focused on reducing the bacterial load through scaling and
root planning (SRP), improving and maintaining the patient's oral hygiene, and applying surgical techniques
to treat periodontitis. But the outcome after conventional therapy for chronic diseases such as periodontitis
is not always predictable and stable. Periodontal disease and health can be considered as a balance
between the persistent bacterial load and the available pro-inflammatory factors, acting in the direction of
its resolution and suppressing the destructive processes.(3) Plaque biofilm removal by SRP and reduction
of the bacterial load affects only one of the factors of the developing pathogenic process and the available
antigenic load that triggers an inflammatory response in the adjacent tissues. It is known that the bacterial
load cannot be completely eliminated after SRP because the bacterial species quickly recolonize. Host
response modulation therapy has the potential to suppress destructive processes, direct protective
processes in the host response, and in combination with conventional therapy leading to reduction in
bacterial load, the observed balance between health (resolution of inflammation and healing) or disease
progression (ongoing action of proinflammatory factors) to be determined in the direction of the body's
response to healing.(4) Host response modulation therapy is important in the treatment of the side effects
in the body caused by the interaction between microorganisms and the macroorganism. It is the host
response that determines much of the tissue destruction leading to the clinical signs of periodontitis. Host
response modulation therapy cannot interrupt the body's normal defense mechanisms or inflammation, but
it can enhance the inflammatory process in order to increase the opportunistic response in order to heal and
achieve periodontal stability.(5) Various medications have been studied as modulating the host response,
which can be divided into agents for systemic administration: NSAIDs, Sirtuins (SIR-2), Resveratrol,
Bisphosphonates, non-antibiotic modifications of tetracyclines, chemical modifications of curcumin, etc. and
topical agents: the enamel matrix proteins, platelet-derived growth factor (PDGF) and insulin-like growth
factor (IGF), and bone morphogenic proteins.(6,7,8,9,10)

Currently, most therapeutic approaches are focused on how the host response can be aimed in the direction
of controlling the excessively expressed local inflammatory process. Many of the host responses can be
influenced, for example modifying the action of proteolytic enzymes such as matrix-metalloproteinases,
stimulating cellular activity, as well as changing the extracellular matrix. It is likely that in the future, most
effective therapeutic approaches will involve complex and synergistic response-modulating therapies in
combination with conventional treatment targeting the microbial etiology. (11)

Results

The following potential response-modulating therapies are being considered:

Systemic:

. blocking the production of pro-inflammatory cytokines and prostaglandins with anti-inflammatory
drugs

. inhibiting the matrix metalloproteinases (MMPs) with antiproteinases

. turning off the cellular and molecular cycle of the inflammatory process endogenously with the

application of lipoxins or resolvins and natural phenols.
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Systemically administrated drugs

Anti-inflammatory agents used to block the production of pro-inflammatory cytokines and
prostaglandins

NSAIDs are known to suppress prostaglandins including PGE2, which is produced by neutrophils,
macrophages, fibroblasts and gingival epithelial cells in response to the presence of lipopolysaccharides
(LPS), as components of the cell wall of Gr negative microorganisms. Prostaglandin E2 (PGE2) has long
been studied in periodontal disease because of evidence that it affects bone resorption by increasing the
number of osteoclasts, as well as the fact that PGE2 levels are elevated in patients with periodontal disease
compared to healthy individuals (12,13,14). Prostaglandin E2 also inhibits fibroblast function and has a
suppressive and modifying effect on the body's immune response (15). NSAIDs have the property of
suppressing prostaglandins, thereby reducing tissue inflammation. NSAIDs are also used in the treatment
of pain in acute and various chronic inflammatory conditions. Clinical studies have shown that systemic
administration of NSAIDs, such as Indomethacin, Flurbiprophen, and Naproxen over a three-year period,
significantly slows alveolar bone loss compared to placebo. (12) In addition, selective COX-2 inhibitors are
considered more promising as an adjunctive therapy in the treatment of periodontitis. The COX enzyme,
which converts arachidonic acid to prostaglandins, requires the presence of two functionally distinct
isoforms, COX-1 and COX-2. Cyclooxygenase-1 has established antiplatelet and cellular protective effects,
while cyclooxygenase-2 is induced after stimulation by various cytokines, growth factors and
lipopolysaccharides, resulting in the production of increased amounts of prostaglandins. Therefore,
inhibition of COX-2, by selective COX-2 NSAIDs, results in a greater reduction of inflammation. In recent
years, two approaches of host response modulation therapies with anti-inflammatory drugs have mainly
been studied:

The first approach is related to the use of non-steroidal anti-inflammatory drugs that suppress the body's
inflammatory response by affecting the well-known inflammatory mediators: prostanoids, cytokines, tumor
necrosis factor-a, etc., and have a suppressive effect on osteoclasts and bone loss (7,12,16). In addition to
NSAIDs, there is increasing interest in a new category of agents that also suppress the host inflammatory
response, but do not act on the acute phase of inflammation, but prevent its persistence. These are the so-
called resolvins. These compounds include derivatives of omega-3 fatty acids such as: docosahexaenoic
acid, eicosapentaenoic acid, as well as lipoxins, which are derivatives of arachidonic acid. Other agents
modulating the host response, such as sirtuins (SIR-2) - a type of protein. These proteins have the ability to
influence aging processes, DNA transcription, cell apoptosis, inflammation, stress resistance, as well as
mitochondrial biogenesis. Resveratrols (natural phenols and phytoalexins) are another type of agent that
has also been discussed as a possibility for influencing the body's inflammatory response. There is evidence
that they protect against diabetes, osteoporosis, stimulate the heart condition in patients with cardiovascular
diseases and have a beneficial effect in the presence of inflammation. (5,17,18)

Antiproteinase agents to inhibit matrix metalloproteinases (MMPSs).

The currently known antiproteinases used in periodontitis therapy are the tetracyclines. In addition to
antimicrobial activity, they have the ability to inhibit neutrophils, osteoclasts and matrix metalloproteinases
(MMPs), especially MMP-8 and MMP-9 (neutrophil collagenases) known to be involved in periodontal
destruction. Tetracyclines have an anti-inflammatory effect and act as osteoprotectors, inhibiting
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osteoclasts. Doxycycline is the most studied and the most potent collagenase inhibitor of the group of
tetracyclines in use (19,20,21,22).

Itis logical that in recent years, regarding the use of agents modulating the host response, the focus should
be more on the second treatment approach - the one that suppresses the breakdown of connective tissue
in periodontitis and other chronic inflammatory diseases. The use of these agents is based on the newly
developed non-antibiotic modifications of tetracyclines (especially chemical modification of doxycycline).
(23) It relies on the following mechanisms of action:

Vdirect suppression of activated matrix metalloproteinases in connective tissue
v'suppressing the action of pro-inflammatory cytokines;
vincrease in collagen synthesis, osteoblastic activity and bone formation.

Most studies on the administration of subantimicrobial doses of Doxycycline in patients with periodontitis
have shown statistically significantly better results in CAL gain and PD reduction when 20 mg of Doxycycline
(Periostat® - doxycycline hyclate) 2 per day for 3-9 months is used as adjunct to conventional therapy
(SRP). (24)

The drug Periostat® is approved for additional therapy to conventional therapy for periodontitis. The
prescribed dose of 20 mg has a pronounced therapeutic effect on enzymes, cytokines and osteoclast
inhibition, more than other antibiotic agents used. The research studies performed did not establish an
antimicrobial effect of SDD on the normal oral flora or the bacterial flora in other parts of the human body.
(25)

The other category of new medicinal agents with anti-collagenase action are chemical modifications of
curcumin. Curcumin is a compound with a proven anti-inflammatory effect, but it is insoluble and poorly
absorbed, which significantly limits its clinical application. To avoid these inconveniences, 16 chemically
modified types of Curcumin have been developed to date. Two of them, modified curcumin-2.24 and
curcumin-2.5, have proven efficacy as inhibitors of matrix metalloproteinases. Both chemically modified
drugs are also effective in suppressing the known inflammatory mediators: interleukin-1@, interleukin-6,
prostaglandin E2, monocyte chemoattractant protein-1, as well as against MMP-9 secreted by human
monocytes and neutrophils. The effects of chemically modified curcumin-2.24 have recently been
associated with reduced activation of nuclear-factor kappa-light-chain - a stimulator of activated B-cells that
regulate the transcription of a number of gene products associated with inflammatory diseases. (18)

Agents used to inhibit bone resorption - Bisphosphonates

In the last 10 years, the use of bisphosphonates as osteoprotective agents has been included in the control
of osteoporosis and various osteoresorptive diseases. Bisphosphonates are medications that are often used
to treat malignant hypercalcemia, bone metastases, in the treatment of breast cancer, prostate carcinoma,
lung carcinoma, renal carcinoma, nasopharyngeal malignancies and thyroid carcinoma. Main drugs from
the group of bisphosphonates are: Zoledronate, Alendronate, Ibandronate, Etidronate, Risedronate and
Clodronate (26,27). They are absorbed by the bone and delivered locally during the acidification (increased
acidity) associated with osteoclast activity. Bisphosphonates inhibit bone resorption by reducing osteoclast
activity. Therefore, they may have a potential role in inhibiting alveolar bone loss in patients with periodontitis
and peri-implantitis. Their exact mechanism of action has not been clarified, but studies show that
bisphosphonates interfere with osteoblastic metabolism and the secretion of lysosomal enzymes. More
recent research has highlighted that bisphosphonate also have anti-collagenase properties. The duration of
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taking bisphosphonates is long - on average for 24 months, which is why their systemic effects are
manifested and persist for a long period. Bisphosphonate necrosis of the jaws is their important side effect,
first mentioned in 2003 in the specialised literature. (8,26,27) In 2014, the American Association of Oral and
Maxillofacial Surgeons proposed a change in nomenclature and the disease is now designated as
medication-related osteonecrosis of the jaw. In order to prevent bisphosphonate necrosis, during surgical
interventions performed on patients taking bisphosphonates: it is necessary to observe some rules:

v Tooth extractions should be as atraumatic as possible.

v Surgical wounds should be closed primarily by suturing.

v'Sharp bone edges need to be smoothed.

Vv Three days preoperatively and 7 days postoperatively, it is necessary to prescribe antibiotic prophylaxis -
with Amoxiclav or Clindamycin

v After any surgical procedure performed, these patients need to observe strict oral hygiene and use rinses
with chlorhexidine or other antibacterial agents.

Conclusion

The control of the microorganisms that cause periodontal infection continues to be leading for effective
periodontal treatment. Understanding the importance of the host response and the influence of risk factors,
to date, allows clinicians to provide a variety of additional treatment strategies for their patients.

If a decision is made to administer a host modulation therapy, this should be discussed with the patient and
the rationale for such treatment should be explained in detail. This takes time at the chair and a lot of
information so that the patient takes an interest in their disease so that they can be motivated to follow strict
plaque control and be familiar with the procedures included in the treatment plan.

Patient consent to host modulation therapy is greatly facilitated by emphasising that HMT does not replace
good plaque control, precise non-surgical periodontal therapy by clinicians to reduce bacterial load,
especially when treating patients with condition-modifying risk factors.

It is responsibility of the clinicians to be able to select and provide the appropriate treatment to the patient
after discussion and informed consent. Good communication and showing interest in the patient's condition
are necessary for maximum patient compliance and modification of identified risk factors. It is important to
emphasise that the most favorable outcome of the treatment is obtained from the application of the targeted
therapeutic approach selected individually for each patient.

References

1. O’Hair T. Host responce modulation: a promising new addition to periodontal disease management. The
Journal of Practical Hygiene, 1999; July/August: 25- 31.

2. Page R, Offenbacher S, Schroeder H, Seymour G, Kornman K. Advances in the pathogenesis of
periodontitis: summary of development, clinical implications and future directions. Periodontol 2000, 1997;
14: 216- 248.

3. Novac M., Dawson D, Ryan M, Drisko C, Kinane D, Bradshaw M. Combining host modulation and
antimicrobial therapy in the management of moderate to severe periodontitis: a randomized, multi-center
trial. J Periodontol, 2008; 79: 33- 41.

1508



Literature Review Medl nform

ISSUE 2, 2022

4. Ryan M. Host modulation: conceptualization to clinical trials and integration into clinical practice. J Calif
Dent Assoc,2002; 30: 285-293

5. Wael |I., Ibraheem and Reghunathan S. Preethanath. Host Modulation, 2020; doi:
10.5772/intechopen.91615

6. Addy M., Kenton D. Local and systemic chemotherapy in the management of periodontal disease. An
opinion and review of the concept. J Oral Renabil, 1996; 4 (23): 219- 231

7. Mlachkova A. The use of nonsteroidal anti-inflammatory drugs in the treatment of periodontal diseases.
Dental examination, 2004;1: 58- 66.

8. Lin H, Russell G. & Gertz B. Pharmacokinetics of alendronate: an overview. International Journal of
Clinical Practice,1999; 101S, S18- S26.

9. Miron R., Dard M. & Weinreb M. Enamel matrix derivative, inflammation and soft tissue wound healing.
Journal of Periodontal Research 2015;50(5):555-69. doi: 10.1111/jre.12245

10. Anitua E, Sanchez M, Orvie G, Andia I. The potential impact of the preparation rich in growth factors
(PRGF) in different medical fields. Biomaterials. 2007; 28:4551-4560.

11. Golub L, Lee M. Periodontal therapeutics: Current host- modulation agents and future directions.
Periodontology 2000, 2020; 82:182-204.

12. Howell T and Williams R. Nonsteroidal anti - inflammatory drugs as inhibitors of periodontal disease
progression. Critical Reviews in Oral Biology and Medicine, 1993; 4(2): 177- 196

13. Noguchi K, Ishihara I. The roles of cyclooxygenase-2 and prostaglandin E2 in periodontal disease.
Periodontology 2000, 2007;43:85- 101.

14. Page R. The roles of inflammatory mediators in the pathogenesis of periodontal disease. J Periodontal
Res, 1991; 26:230- 242.

15. Gemmell E., Marshall R & Seymour G. Cytokines and prostaglandins in immune homeostasis and tissue
destruction in periodontal disease. Periodontology 2000, 1997; 14: 112- 143.

16. Popova Chr. Mlachkova A. IL-18 and PGE2 levels in the gingiva of patients with chronic periodontitis
after adjunctive nonsteroidal anti-inflammatory drugs. J of IMAB,2010; 16 (4): 27-30.

17. Golub L, Lee M. Periodontal therapeutics: Current host- modulation agents and future directions.
Periodontology 2000, 2020; 82:182-204.

18. Sulijaya B, Takahashi N, Yamazaki K. Host modulation therapy using anti-inflammatory and antioxidant
agents in periodontitis: A review to a clinical translation. Archives of Oral Biology, 2019;105:72-80.

19. Golub M, Lee H, Ryan M et al. Tetracycline inhibitor connective tissue breakdown by multiple non -
antimicrobial actions. Adv Dent Res, 1998; 12: 12- 18.

20. Ryan E. & Golub L. Modulation of matrix metalloproteinase activities in periodontitis as a treatment
strategy. Periodontology 2000; 24:226 - 238.

21. Sorsa T, Tjaderhane L, Golub L et al. Matrix metalloproteinases: contribution to pathogenesis, diagnosis
and treatment of periodontal inflammation. Ann Med, 2006;38 (5):306-21.

22. Sorsa T, Gursoy U, Gursoy M et al. Analysis of matrix metalloproteinases, especially MMP-8, in gingival
crevicular fluid, mouth rinse and saliva for monitoring periodontal diseases. Periodontology
2000,2016;70(1): 142-639.

23. Alyousef A, Devang D, Muzaheed D. Chemically modified tetracyclines an emerging host modulator in
chronic periodontitis patients: A randomized, double-blind, placebo-controlled, clinical trial. Microbial
Pathogenesis,2017; 110: 279-284.

24. Golub M, McNamara T, Ryan M et al. Adjunctive treatment with subantimicrobial doses of doxycycline:
effects on gingival fluid collagenase activity and attachment loss in adult periodontitis. J Clin Periodontol,
2001; 28: 146- 150.

1509



Literature Review Medlnform

ISSUE 2, 2022

25. Golub M, Ryan M, Sorsa T et al. Non-antibacterial tetracycline formulations: host-modulators in the
treatment of periodontitis and relevant systemic diseases. International Dental Journal,2016; 66 (3):127-
135.

26. Adepitan A., Sax A, Kant Wu et al. Medication-related osteonecrosis of the jaw: an update on the
Memorial Sloan Kexering Cancer Center experience and the role of pre-medication dental evaluation in the
prevention of MRONJ, Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology,2018;125(5):440-
445,

27. Higuchi T, Soga Y, Muro M et al. Replacing zoledronic acid with denosumab is a risk factor for
developing osteonecrosis of the jaw, Oral Surgery, Oral Medicine, Oral Pathology and Oral
Radiology,2018;125(6):547-551.

Corresponding author:

Antoaneta Mlachkova

Medical University — Sofia, Faculty of Dental Medicine
Department of Periodontology,

1 St. George Sofiyski Str., 1431 Sofia.

e-mail: dr_mlachkova@abv.bg

1510



