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ABSTRACT

Variations in the response to dental treatments may be due to several factors, including genetic variability.
Pharmacogenomics is the application of genomics technology to the development of specific drugs and its
relationship with dentistry is a recent area of research. This paper aims to discuss the relationship between
pharmacogenomics and dental practice, focusing on clinical implications and current researches. It was used
technique of documentation based on literature available at Scielo (Scientific Electronic Library Online) and
MEDLINE between 2000 and 2010. Diseases and disorders can be associated with misspellings or genetic mu-
tations. The knowledge of how genetic variation interferes in the response to treatment will allow the devel-
opment of drugs to be used, for instance, in oral and systemic infection therapy; for the management of oral
lesions (e.g. herpes, squamous cell carcinoma), bone resorption (e.g. periodontal diseases); chronic oral and
facial pain; for the management of autoimmune and temporomandibular joint disorders. Periodontics, Cari-
ology, Oral Pathology, among other areas, represent a vast field of research yet to be explored. In summary,
dentistry begins to show an increasingly close relationship with pharmacogenomics, which may result in the
development and improvement of treatment modalities more individualized and potentially more effective.

RESUMO

Variagdes na resposta aos tratamentos odontolégicos ocorrem devido a vérios fatores, incluindo variabilida-
de genética. Farmacogendmica € a aplicagao da tecnologia genémica para o desenvolvimento de farmacos
especificos, e sua relacdo com a odontologia é uma area recente de pesquisa. Este trabalho objetiva discutir
a relagdo entre farmacogendmica e a pratica odontolégica, enfocando as implicagdes clinicas e pesquisas
atuais. Foi utilizada técnica de documentacdo com base na literatura disponivel no Scielo e MEDLINE, entre
2000 e 2010. Doengas e disturbios podem ser associados a erros de transcricdo ou mutagdes genéticas. O co-
nhecimento de como a variagdo genética interfere na resposta ao tratamento vai permitir o desenvolvimento
de medicamentos a serem utilizados, como na terapia de infecgdo oral e sistémica, para o manejo de lesdes
orais (por exemplo, herpes, carcinoma de células escamosas); reabsor¢éo 6ssea (por exemplo, doengas perio-
dontais); dores orais e faciais cronicas; doengas autoimunes e distlrbios da articulagdo temporomandibular.
Periodontia, Cariologia, Patologia Oral, entre outras dreas, representam um vasto campo de investigacdo a ser
ainda explorado. Em sintese, a Odontologia vem apresentando uma relagao cada vez mais estreita com a far-
macogendmica, que pode resultar no desenvolvimento e aperfeicoamento de modalidades de tratamento
mais individualizado e potencialmente mais eficaz.
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INTRODUCTION

a field that encompasses the study of genetic polymorphisms
that underlie individual differences in drug response.®

It has long been known that patients treated with the
various drugs have variability of response and susceptibility
to drug toxicity."? The variations in the response to treatment
may be due to several factors such as illness, differences in
pharmacokinetics and pharmacodynamics of drugs, environ-
mental factors and genetic factors."* Whereas genetic factors
may contribute to the effectiveness and safety of a drug, phar-
macogenomics has been recently discussed.!

Pharmacogenomics is the application of genomics te-
chnology to the discovery and development of drugs.*® It is

According to Shomron’ (2010), this field of the clinical
pharmacology studies the contribution of genomes, trans-
criptomes and proteomes in determining drug-response
phenotypes (safety and efficacy). The major goal of pharmaco-
genomics research is the development of genotype or trans-
criptome-based predictive tests of drug efficacy or toxicity.

It's well known that therapeutic efficacies and side effect
profiles of drugs differ among individuals. Genetic variations in
genes encoding components of drug metabolizing enzymes,
transporters, primary and secondary targets of metabolites,
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and downstream pathways are all considered to underlie this
difference.?

Molecular dentistry, the Human Genome Project, trans-
criptomes and proteomes have recently opened vast opportu-
nities for translation of basic science discoveries to oral health
care at the chairside and bedside through the intermediary
process of clinical research.®

The mouth is a portal of entry as well as a mirror that
reflects a wealth of information that can be derived from oral
fluids®'® and tissues. The recent progress of the human and
microbial genomes provides unprecedented opportunities to
not only understand the molecular basis of oral diseases, but
to design and fabricate new generations of diagnostics, the-
rapeutics and biomaterials. In parallel developments, rema-
rkable progress is being made to understand human as well
as oral microbial (viral, bacterial and yeast) genetic variations
including their respective responses to drug therapies."

Pharmacogenomics provides new insights into how
human genetic variations influence individual drug absorp-
tion and allows the development of drugs to be used for oral
and systemic infection therapy (viral, bacterial and yeast); for
the management of oral lesions (e.g. herpes, squamous cell
carcinoma), bone resorption (e.g. periodontal diseases, oste-
oporosis, osteopetrosis, osteoarthritis); for the management of
chronic oral and facial pain (e.g. trigeminal neuralgia), autoim-
mune disorders (e.g. Sjogren’s syndrome with xerostomia); and
for the management of temporomandibular joint diseases and
disorders.®

Besides that, the knowledge of how genetic variation
interferes in the response to treatment will allow the develo-
pment of drugs that control, for instance, orthodontic tooth
movement through the regulation of repair processes and for-
mation of bone and periodontal ligament fibers.'?

As can be seen, the completion of human and microbial
genome projects will provide a wealth of information that will
permit the application of pharmacogenomics — how genetic
variations will impact the efficacy of drugs and the diagnosis
and treatment of oral diseases."

Thus, this review aims to discuss the relationship betwe-
en pharmacogenomics and dental practice, focusing on clini-
cal implications and current researches.

METHODS

It was used an inductive methodological approach and
technical documentation based on pre-existing literature on
international scientific papers, theses and books, found on the
internet and in libraries.

The composition of this paper resulted from research
on the databases Pubmed (U.S. National Library of Medicine)
- Indexed for Medline and Scielo (Scientific Electronic Library
Online) between 2000 and 2010, using the keywords “Pharma-
cogenomics’, “Pharmacogenomics AND Dental Practice,” “Ge-
netics AND Dental “and” Polymorphism, Genetic”.

Papers from previous years are listed or they are in the
bibliography according to their importance for the issue at
hand.

LITERATURE REVIEW

« Clinical Implications for Dental Practice

Diseases and disorders can be associated with miss-
pellings or genetic mutations of one or more nucleotides, and
these mutations can be caused or induced by infectious mi-
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crobes, environmental factors such as physical and chemical
mutagens, genetic mutations and variations, or (more likely)
combinations of these multiple factors.'

Variations or polymorphisms in a single base or nucleo-
tide within the genome (i.e., one of the 3.2 billion bases) may
be informative for the diagnosis of a disease. The approxima-
tely three million different single nucleotide variance or poly-
morphism (SNPs) are physically distributed throughout the
entire genome. SNPs are single nucleotide polymorphisms or
one-letter variations in the DNA sequence. These variations in
SNPs contribute to differences among individuals. The majori-
ty of SNPs may have no deleterious effects; others cause subtle
differences in countless characteristics such as tooth size and
shape, while others affect the risk for diseases or disorders and
are associated with human complex diseases.'*'>

Besides that, as the gateway to the body, a constant
barrage of invaders — viruses, bacteria, parasites, and fungi
— challenges the mouth. Therefore, transmissible infectious
diseases, notably dental caries and periodontal disease, pre-
dominate among the ills that can compromise oral health."

Dental caries is a transmissible infectious disease and the
bacterial pathogens are transmitted from caregiver to infant
during early childhood." These microbes form a complex den-
tal plaque of biofilms that adheres to tooth surfaces.''® Within
these biofilms, mutans streptococci and several other bacte-
ria ferment sugars and other carbohydrates to form lactic and
other acids. Repeated cycles of acid generation can result in
the microscopic dissolution of minerals in tooth enamel.'"718
The initiation and progression of this chronic infectious disea-
se is modulated by genetic variations of the microbial quorum
sensing, colonization and acid production within the biofilms,
the host genetic variations in enamel matrix composition and
structure, the environment such as the presence of fluoride in
drinking water, and caregiver as well as infant/toddler/child
behavioral factors (frequency and duration of consumption
and composition of food and drink choices along with perso-
nal oral hygiene)."®

Mechanical tooth brushing, chemicals as well as immu-
nological (i.e. monoclonal antibodies for passive immuniza-
tion against microbial antigens related to colonization) me-
thods are used to inhibit or reduce microbial colonization on
tooth surfaces. The advances from human and microbial geno-
mics provide many opportunities for targeted therapies such
as vaccine developments for children at risk for dental caries."

Oral microbial infections are also associated with syste-
mic diseases including cardiovascular disease, cerebrovascular
disease, low-birth weight, premature babies, osteoarthritis, a
number of pulmonary diseases and disorders, and the mana-
gement of type 1 diabetes.?®

According to Cohen and Slavkin?' (2000) one of the
major chronic infections is Periodontitis. The virulence of pe-
riodontal pathogens includes their role in colonization in sub-
gingival biofilms, synthesis and secretion of cytokines that can
directly injure adjacent tissues, and their capacity to invoke
inflammatory responses.

There's been shown that some growth factors like IGF (in-
sulin-like growth factor), PDGF (Platelet-derived growth factor)
and TGF (Transforming growth factor) and IL-1 (interleukin 1) are
associated with inflammatory exudate that occurs in the gingiva
and periodontal ligament in patients with periodontitis.?

Karimbux et al.® (1998) conducted a study in which was
verified that chemically modified tetracycline (CMT-1) increa-
sed collagen expression in induced periodontal lesions in rats
Sprague Dawley. The use of CMT-1 as an adjuvant treatment
of periodontal disease is advantageous because it can prevent
problems of microbial resistance and retain anti-inflammatory
effects of mechanical therapy.
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Another considerable disease that affects oral health is
candidiasis. Deficiencies in the immune and endocrine systems
in children and adults as well as cancer chemotherapy invoke
oral candidiasis, which is mainly cause by Candida albicans (the
most common fungal pathogen isolated from the oral cavity).
The spread of candidiasis to the esophagus or lungs, especially
in immunodeficient individuals, can often be life threatening. The
near completion of the Candida albicans genome will soon accele-
rate the identification of innovative antifungal therapies.'

Thus, the completion of the human genome, microbial
genomes and functional genomic studies will reveal the heredi-
tability of susceptibility to a variety of infectious diseases (inclu-
ding periodontitis and oral candidiasis); and will elucidate critical
cellular pathways associated with the initiation and progression
of disease, and may also provide candidate targets for combined
drug therapies.?** The knowledge of molecules and genes trigger
in the development of caries, periodontal disease, cancer, syndro-
mes, TMJ disorders, sleep apnea, and malocclusion will allow the
creation of specific individual drugs for caries, periodontal and
joint inflammation, sleep apnea, cancer, Sjogren syndrome and
malocclusions.

Birth defects (developmental malformations) appear most
commonly as cases of cleft lip with or without cleft palate; facial
clefting and/or other craniofacial defects can also be part of com-
plex hereditary diseases or craniofacial syndromes. At this time,
hundreds of genetic mutations have been identified that result in
facial developmental defects and dental extracellular matrix tissue
defects such as enamel (Amelogenesis imperfecta), dentin (Denti-
nogenesis imperfecta), bone (osteogenesis imperfecta), and carti-
lage (chondrodysplasia).'!

In the field of orthodontics the pharmacogenomic studies
can also be very useful in the future. Once the knowledge in bio-
logy of tooth movement is still in progress, immunohistochemical
techniques have been useful in investigations related to cellular
reactions that occur in the periodontal ligament after applying an
orthodontic force. Endothelin 1 (ET-1) is a cytokine that is present
in the periodontal ligament and in the microvascular bed of or-
thodontically moved teeth. This peptide also plays an important
role in embryogenesis on the following processes: vascular remo-
deling, regulation of cell proliferation, matrix synthesis, release of
growth factors and adhesion molecules and the development of
dentofacial anomalies.®

Otero'? (2003) points out that the knowledge about these
and other molecules involved in biological response to mecha-
nical force produced by orthodontics will allow, in the future, the
control of orthodontic tooth movement by the administration of
pharmaceutical molecules that target blood vessels in the perio-
dontal ligament.

Besides that, the study of molecules involved in the growth
of teeth, bone and periodontal tissues supports the design of spe-
cific drugs to stimulate or inhibit growth in skeletal malocclusions
and craniofacial pathologies.'

The opportunities for pharmacogenomics to impact the
study of differential gene expression applied to drug discovery
and optimization are remarkable. These advances will likely inclu-
de the discovery of new drug targets, the discovery of new disease
and disorder mechanism(s) of the drug, the confirmation of ex-
pected action(s) of mechanism of a drug, and the optimal clinical
efficacy of the drug or therapeutic for oral health care."

« Current Researches

The identification of genes responsible for diseases will
allow the pharmaceutical industry to synthesize more indivi-
dual and specific drugs. Gene therapy may be used more re-
liably and with fewer side effects than those reported today.'?

Freires IA, et al.

The relationship of dentistry with the field of pharma-
cogenetics (effects of single genes) or pharmacogenomics
(effects of several genes and their interactions) is a recent area
of scientific research and, in some respects, hasn’t brought ma-
jor changes from the clinical point of view yet.

However, studies have been already conducted to eluci-
date aspects of clinical cariology such as identification of cario-
genic bacteria in human saliva through PCR (Polymerase Chain
Reaction)'; association of polymorphisms with salivary buffer
capacity, dental plaque pH, and caries index¥; relationship be-
tween gene polymorphisms and children’s dental fluorosis?,
among many others.

Saliva (oral fluid) is an emerging biofluid for non-invasive
diagnostics used in the detection of human diseases®® as well
as for the management of drug therapy, and for a number of
forensic applications®. For instance, Aydin? (2007) points out
that specific salivary biomarkers such as glucose, a-amylase,
and ghrelin appetite hormone exhibit strong diagnostic po-
tential for diseases such as diabetes.

The ability to monitor health status, disease onset, pro-
gression, recurrence and treatment outcome through non-
-invasive means is highly important to advancing health care
management. Saliva is a perfect medium to be explored for
personalized individual medicine/dentistry including diagnos-
tics, offering a non-invasive, easy to obtain means for detec-
ting and monitoring diseases.’

In order to develop researches concerning gene poly-
morphisms investigation and their relation with malfunctions,
case-control studies are commonly conducted. In a case-con-
trol study patients who have developed a disease are identi-
fied and their past exposure to suspected aetiological factors
is compared with that of controls or referents who do not have
the disease.

Wang? et al. (2010) conducted a case-control study
among children aged 8 to 12 years old, exploring the distri-
bution of ER Rsal genotype (ER gene polymorphism would be
associated with bone metabolism and bone mineral density)
in the children who lived in the areas with or without high
fluoride in drinking water, and investigated the relationship
between ER gene Rsal polymorphisms and children’s dental
fluorosis. They found no correlation between both variables,
but suggest that in dental fluorosis perhaps several genes are
influencing dental malformations. Therefore, further investiga-
tion on other polymorphisms of ER gene and other candidate
genes related to calcium-metabolism may be useful.

Many areas of Dentistry, especially Periodontics, Cariology,
Oral Pathology and Applied Pharmacology, represent a vast field
of research to be explored in relation to immunology, modulation
of inflammatory processes and development of specific drugs
to combat oral pathogenic microrganisms from the decoding of
their genomes (Figure 1). However, some matters can hinder this
research process, mainly as regards the essays of new drugs.

Until recently, it was difficult to carry out rigorous
studies to determine the contribution of pharmacokinetic
(eg. metabolism and transport) and/or pharmacodynamic
(eg. receptors) factors to interpatient variability in respon-
se and the potentially pivotal role that could be played by
pharmacogenomics. Since the early part of this century,
advances in population pharmacokinetics, objective me-
asures of drug effect and the technology to easily, rapidly
and cheaply genotype for any drug metabolising enzyme,
transporter and receptor/target, has allowed for valuable
insights into explaining why some patients respond po-
orly, why others experience unacceptable adverse effects
necessitating drug withdrawal and why dosage require-
ments vary substantially between patients.*®
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Figure 01: Nexus between Pharmacogenomics and Dentistry, focusing on main current clinical implications and research pers-

pectives. 2010.
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CONCLUSIONS

Although individualized therapy remains as a challenge
for the future, pharmacogenomics will bring many benefits to
public health and to dentistry in particular.

Several areas, including Periodontics, Oral Pathology,
Cariology, Orthodontics, among many others, begin to show
an increasingly close relationship with pharmacogenomics,
which may result (in a not too distant future) in the develop-
ment and improvement of treatment modalities more indivi-
dualized and potentially more effective.

Thus, the intersection of biotechnology and genetic in-
formation applied to dentistry is the harbinger of the future
oral health care.
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