Personalized Orthodontics, The Future of

Genetics in Practice
James K. Hanrtsfield, Jr.

“Personalized medicine” is a new buzz phrase, based initially on pharma-
cogenetics and now exploding as genome-wide association studies are
undertaken. However, it still remains to be seen how much this will really
affect daily practice. The same may be projected for the future of orthodon-
tics. What would personalized orthodontics be based on, how would the
studies be undertaken and then validated in practice? How will this be
funded? The understanding of the combination and interaction of genetic
and environmental (including treatment) factors (nature and nurture to-
gether) that influence the treatment response of our patients is fundamental
to the evidence-based practice of orthodontics. (Semin Orthod 2008;14:
166-171.) © 2008 Elisevier Inc. All rights reserved.

Your first patient of the day comes in for
initial evaluation. It is a Class I “borderline”
crowding case with good positioning of the inci-
sors. Evaluation of the polymorphic variations of
the major and modifying susceptibility to exter-
nal apical root resorption genes indicate that
this patient has a relatively high risk of external
apical root resorption. Along with the expected
tooth movement you anticipate depending on if
you prescribed extraction of permanent teeth, as
well as other factors such as root shape and
anticipated length of treatment, you use this
diagnostic data to decide on a treatment plan.
Your next patient, a 7-year-old, comes in with
a negative anterior overjet. Cephalometric anal-
ysis indicates a relative retrusion of the maxilla
involving certain anatomical structures. Evalua-
tion of the polymorphic variations of the major
and modifying Class III malocclusion genes,

Department of Orthodontics and Oral Facial Genetics, Indi-
ana University School of Dentistry, Department of Medical and
Molecular Genetics, Indiana University School of Medicine, In-
dianapolis, IN.

Addpress correspondence to James K. Hartsfield, Jr., DMD, PhD,
Department of Orthodontics and Oral Facial Genetics, Indiana
University School of Dentistry, 1121 W. Michigan St., Room
DS255, Indianapolis, IN 46202. Phone: 317-278-1148; Fax: 317-
278-1438; E-mail: jhartsfi@iupui.edu.

© 2008 Elsevier Inc. All rights reserved.

1073-8746/08/1402-0$30.00/0

doi:10.1053/j.s0do.2008.02.007

your examination and radiographic evaluation
indicate a diagnosis of Class III malocclusion,
type 3. Based on this you know what type of
treatment, at what stage of development, will
result in the greatest likelihood of successful
treatment.

Your next young patient comes in with a Class II
malocclusion. Cephalometric analysis indicates a
relatively retruded mandible. Knowing that al-
though Class II early treatment studies were equiv-
ocal about the average benefit of functional appli-
ances, or head gear treatment versus nontreated
control patients, you also know that there was no-
table variation in growth among all three of the
experimental groups in those studies. Now you
evaluate the polymorphic variations of the major
and modifying genes to see if this patient might be
one who will likely “catch up” in mandibular
growth without treatment, or perhaps one who
would respond more with a functional appliance.
You use this diagnostic information to devise your
treatment plan for the patient on an evidence-
based foundation.

These are some of the possible scenarios that,
although in the future, are now within our reach
to work toward. The first is not at all improbable
from where we are today, and the second is
probably not far behind. However, care must be
taken to manage the expectations of practitio-
ners and the public that have already been set by
promises, press release hyperbole, and the re-
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peated exposure to headlines about genetic dis-
coveries in general.'

These discoveries are often milestone events,
and rightfully so. However, they are also just the
beginning of a potentially long process of under-
standing how variation in the gene(s) and there-
fore the product protein(s) are associated with,
lead to, or influence (ie, what is the mechanism
of) the pathology or other type of trait of inter-
est. This is particularly true when a gene that
contributes some increased likelihood of pathol-
ogy or other trait developing is only one of
several that may be involved. These are often
referred to as susceptibility genes, as particular
polymorphic variations present in them may be
associated with, but not guarantee, the likeli-
hood that a pathology or other trait will be
present or develop.

It is difficult to get too excited about the
discovery that a particular polymorphic variation
in a gene is associated with 15% of the variation
in the pathology or other trait. Yet this type of
analysis is the underpinning of understanding
what and how susceptibility genes contribute.
The association of genes with pathology or other
type of trait has traditionally been analyzed by
testing DNA polymorphic variants one or a few
at a time. There are several shortcomings to this
approach including the tedium of analyzing
multiple polymorphic variants one or a few at a
time, the difficulty in excluding a gene, or un-
derstanding the combination of a large number
of polymorphic variants in an individual that
may be contributory.

Rather than initially focusing only on “candi-
date” genes (which can still have use to further
investigate genetic influence), it is now possible
to search the genome in an unbiased manner
for genes whose common variation contributes
to the trait in the population. The usefulness
and impact of genetic research will be much
more powerful when we can say that some com-
bination of polymorphic variants in some num-
ber of genes, along with certain environmental
(including treatment) factors, is associated with
a much greater degree of the variation in the
pathology or other trait.

“Personalized Medicine”

Dental and medical care is generally based on an
examination and assessment of the patient’s sta-

tus, diagnosis, and prescription of treatment.
The treatment is typically based on a likely pos-
itive response in the majority of individuals with
the diagnosis. This approach will work for most
patients most of the time. However, what will be
effective for most of the population may not be
the optimum treatment for others. Recently, the
analysis of an individual’s response to treatment,
largely determined by intrinsic genetic factors
and individual behavior, has become more com-
prehensive, resulting in what has been termed
“personalized medicine.”

The major direction personalized medicine
has taken to date is in the field of pharmacoge-
netics, literally the study of the effect of genetics
on pharmacology. Pharmacological efficacy of-
ten depends on metabolism and deposition, ac-
tivities that generally involve enzymes and other
proteins that can vary among individuals second-
ary to the corresponding genes that coded for
them. Examples include not only determining
individuals in whom certain medications would
be of the greatest benefit, but also those in
whom relatively uncommon or severe unwanted
(side) effects might be more likely.2

The combination (interaction) of genetic
and environmental (behavioral) factors in indi-
viduals is also gaining attention as an important
aspect of patient care. For example, the treat-
ment of the individual whose genes (genome)
predispose to familial hypercholesterolemia will
require a different treatment regimen than the
individual with the genome that is not associated
with increased plasma cholesterol levels.® In ad-
dition to the individual’s genomic predisposi-
tion, their behavior (lifestyle/diet and exercise,
in this case) may affect the individual differently
based on individual genomic differences. This
has been referred to as metabonomics (or
metabolomics), or even pharmacometabonom-
ics.t

Based on the intrinsic lure of treatments with
better outcomes and fewer side effects, the mar-
ket for molecular diagnostic tests is predicted to
grow at an extraordinary rate over the next 10
years, particularly in the area of pharmacogenet-
ics. However, personalized medicine is a para-
digm that exists more in conceptual terms than
in reality. There are currently only a few mar-
keted drug-test products, and a lack of impact in
actual clinical practice as enthusiasts had hoped
and predicted.5
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Is this a function of time, or another example of
hype that ultimately does not live up to the prom-
ise or expectation? Ultimately only time will tell,
but some have predicted it is only a matter of time
with advances in technology.® For example, the
polymerase chain reaction, the process by which
large amounts of DNA are replicated and there-
fore feasible to study that has revolutionized biol-
ogy, was invented in 1983. Today 1 million single
nucleotide polymorphisms (SNPs) and copy num-
ber variation (CNV) markers can be genotyped in
an individual using a single microarray chip.”®
How did we get to this point?

The Human Genome Project

The hallmark event in genetics research to date,
the sequencing of the human genome (The Hu-
man Genome Project) was really only a step
toward developing a “map” or understanding of
not only how we are so similar in our genome,
but how variation occurs among us.21% Our ge-
nome varies from one individual to the next,
most often in terms of single base changes of the
DNA called single nucleotide polymorphisms
(SNPs, pronounced “snips”). The main research
use of a human SNP map will be to determine
the contributions of genes to diseases (or non-
disease phenotypes) that have a complex, mul-
tifactorial basis.'!

More than 1.4 million SNPs have been iden-
tified in the human genome. SNPs that are phys-
ically close to each other in a DNA sequence are
generally more likely to stay in the same order
(and are said to be linked) than SNPs further
apart. The combination of the linked SNPs on
the same DNA strand (chromosome) is a haplo-
type. Linkage disequilibrium is the consistency
of association of alleles (in this case SNPs) at two
linked loci.

Following the sequencing of the human ge-
nome, generation of a haplotype “map” of the
human genome was undertaken. It consists of a
high density of SNPs defining the small number
of ancestral haplotypes (blocks of tightly corre-
lated genetic variants that are in linkage disequi-
librium) in each region of the human genome.
Using this genome-wide linkage disequilibrium
map, microarray chips and analysis software al-
lows comprehensive and efficient testing of the
association of genes with pathology and other
types of traits.'*'?

It quickly became evident that some haplo-
types are relatively common among most if not
all populations, while some are more specific. Of
the 3 billion or so bases in the human genome,
it has been estimated that 99.9% are exactly the
same from person to person. Still about 3 mil-
lion (or 0.1%) are different, and that’s what
makes us unique. The current database of SNPs
(http://www.ncbi.nlm.nih.gov/SNP/) is a cata-
log of human genetic variation that is useful for
defining how genes contribute to phenotype, as
well as a map of human similarity and therefore
presumed development and migration of hu-
man racial and ethnic groups.'*'"

It turns out that the linkage disequilibrium is
an extremely sensitive indicator of population
history, because the multiallelic nature of hap-
lotypes is highly informative, and the change of
haplotypes follows a predictable clock set by ge-
netic recombination rates. Not only is the infor-
mation about human population history inter-
esting in its own right, but it is also important in
the design of studies so that the appearance of
spurious differences between affected subjects
and control subjects secondary to background
differences in haplotypes of the two groups may
be minimized.'®

Genome-Wide Association Studies
(GWAS)

Association analysis is a method to determine if
a particular polymorphic variant (marker allele)
is more frequent in a group of subjects with the
pathology or other type of trait of interest com-
pared with a control group. This initially was
often done analyzing polymorphic variants in or
close to a candidate gene, usually selected be-
cause of previous knowledge of the function of
the gene and its possible effect on the develop-
ment of trait of interest. This, of course, limits
discovery of genes that may be important (you
are not likely to find something if you do not
know where to look for it), particularly ones that
may play more of a cumulative or modifying
role. The development of haplotype maps, mi-
croarray chips, and the software to begin to
make some sense out of the tremendous amount
of data that such a study produces has led to the
rapid use of genome-wide association studies.
This is different from using microarray chips to
study the linkage of polymorphic variants in a
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family with a Mendelian “monogenic” pathology
or other type of trait.

Association studies can be family based to
control for population stratification (polymor-
phic variant frequency differences between cases
and controls due to systematic ancestry differ-
ences), but the large number of polymorphic
variants that may now be studied makes the pop-
ulation based (case-control) association type of
study acceptable if appropriate controls are
used. However, rigorous standards of statistical
significance will be needed to avoid an excessive
number of false-positive results, since each SNP
has a low prior probability of a cause-and-effect
relationship. Additional confidence that associ-
ations are strong and relevant in a population
will be gained by replicating studies using large
samples.

Genome-wide association studies are starting
to be published for susceptibility toward a variety
of conditions such as inflammatory bowel dis-
ease,17 type 1 diabetes,'® type 2 diabetes,'? late-
onset Alzheimer’s disease,?’ bipolar disorder,
coronary artery disease, Crohn’s disease, rheu-
matoid arthritis, type 1 and type 2 diabetes,’
esophageal cancer,” nicotine dependence,”®
colorectal cancer,?* Parkinson’s disease,? exfo-
liation glaucoma,26 childhood asthma,27 control
of human immunodeficiency virus type 1,28
atrial ﬁbrillation,29 periodic limb movements in
sleep,?® sporadic postmenopausal breast can-
cer,”! estrogen receptor-positive breast cancer,*?
myocardial infarction,>® prostate cancer,*
amyotrophic lateral sclerosis,”® outcome of anti-
depressant treatment,®® and multiple sclerosis,? 7
among others.

Practically all of these genome-wide associa-
tion studies have more to do with etiology than
response to treatment, although an increasing
number of studies looking at the response of a
variety of treatments—when there is a variable
response in a population—is anticipated. Thus
future studies may focus on etiological (diagnos-
tic) factors, or response to treatment factors, or
both.

Undertaking Genome-Wide Association
Studies in Orthodontics

A review of recent genome-wide association
study articles show in general that the numbers
of families in the studies are in the hundreds,

whereas studies that analyze nonrelated individ-
uals with affected subjects and control subjects
number in the thousands. This underlies the
need for a broad collaboration if sufficient num-
bers are to be obtained for these studies to be
useful. The question of what to do with this in
randomized controlled trials (RCTs) is interest-
ing. Are subjects still randomly assigned to a
group, and then the genotyping performed af-
terward? Or should the genotyping be done be-
forehand, especially if it is to assist in assigning a
diagnosis (perhaps based on the present of a
particular polymorphic variant in a gene that has
a major effect), and then individuals in the same
diagnostic category randomly assigned to a
group? Perhaps it should be a combination, with
subjects having diagnostic markers determined
before assignment with subsequent random as-
signment to a group, and then followed by fur-
ther analysis looking for modifying genetic fac-
tors that are associated with variation within and
between the groups.

Large scale observational studies could be
used to monitor treatment outcome. Individuals
with a specific outcome could be analyzed for
genetic polymorphic variant associations using
chips with standardized variant panels (includ-
ing ethnic-specific variants as indicated). Based
on these retrospective studies these chips could
be used for prospective observation to assess
predictability.”®

While the genotyping has advanced to a star-
tling stage, it is still only as good as the clinical
diagnostic data with which it will be associated.
Thus consistent and disciplined clinical evalua-
tion will also be required. Because of the num-
ber of subjects that will likely be required to be
studied, a combination of orthodontic residency
clinics and private practices is envisioned. The
advantage of the orthodontic residency clinic is
that the residents can be focused on filling out
data on patients as a part of their clinical and or
research experience. One disadvantage is the
turnover of residents both in terms of consis-
tency of treatment and in collecting data. On the
flip side, private practice is more consistent
within relatively long time periods as to type of
treatment and how the data will be collected, but
the problem is finding the person power and
time to do so in the busy office. In addition, all
individuals who will discuss any aspect of the
study with potential subjects to obtain informed



170 J K. Hartsfield, Jr.

consent to be included in the study will likely
require passing some type of human research
protection examination.

Although for unit volume a greater amount of
DNA can be obtained from blood samples, as
orthodontists we are well positioned to obtain
buccal samples using sterile brushes, or saliva
samples in a tube with the required fixative, for
reasonably expedient transport to a laboratory
for extraction, quantification, and storage of the
DNA for that subject. Alternatively, a large vol-
ume of blood is not necessary, and the amount
used to determine a hematocrit from a quick ear
lobe or finger tip lancet will generally give a
good yield. Because of the greater and report-
edly “cleaner” yield of DNA from blood samples,
these have often been preferred in genome-wide
association studies, although it has been re-
ported that DNA from buccal samples (if col-
lected and prepared “optimally”) can be as good
in these studies as DNA from a blood sample.*
The handling of informed consent, clinical data
collection, and samples for obtaining DNA can
be a time-consuming activity that the busy office
staff, and sometimes the doctor, although sup-
portive, may not always be happy about.

Another consideration in addition to the
number of subjects will be the cost of the chip
procedure itself, and the data analysis. Although
decreasing in price, the cost per person for the
chips with the greatest number of SNPs is still in
the several hundreds of dollars. The analysis may
be staged to maximize efficiency and minimize
sample sizes. Even so, the size of the resulting
data sets, and the complexity of relating them to
different clinic and or treatment data, will raise
significant issues of analysis and interpretation
usually requiring someone well versed in hered-
itary genomics.®*’

Support of Genome-Wide Association
Studies in Orthodontics

Genome-wide association studies are now a ma-
jor emphasis for the National Institutes of
Health (NIH), as evidence by their Web site, ™!
which in part states: “NIH, the Foundation for the
National Institutes of Health, Pfizer Global Re-
search & Development and others have formed a
public-private partnership, the Genetic Association
Information Network (GAIN), to fund genome-
wide association studies. After peer-review of appli-

cations, GAIN announced its first round of studies
in October 2006. The initial studies include bipo-
lar disorder, major depression, kidney disease in
type 1 diabetes, attention deficit hyperactivity dis-
order, schizophrenia and psoriasis.” In a time of
national budget constraints and the NIH budget
not growing for the first time in several years, the
importance of studies to analyze the diagnosis for
and outcome of orthodontic treatment is some-
times not appreciated by nonorthodontists. It will
be imperative for the profession to support this
type of research for it to proceed, to show its
validity, and to attract NIH funding.

Conclusion

Multiple factors and processes contribute to the
response to orthodontic treatment. Some pa-
tients will exhibit unusual outcomes linked to
polymorphic genes. Analysis of overall treatment
response requires a systems analysis using infor-
matics for integration of all relevant informa-
tion. The influence of genetic factors on treat-
ment outcome must be studied and understood
in quantitative terms. Conclusions from retro-
spective studies must be evaluated by prospective
testing to truly evaluate their value in practice.
Genome-wide association studies are necessary
to further the evidence base for the practice of
orthodontics. Only then will we begin to truly
understand how nature (genetic factors) and
nurture (environment factors, including treat-
ment) together affect our treatment of our pa-
tients.
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