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Nutrigenomics: the role of
nutrients in gene expression
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Improved understanding of the mechanism behind
periodontal tissue destruction, the potential protec-
tive role of nutrients and the advent of modern
genomic measurement tools have led to an increased
interest in the association between nutrition and
periodontal disease. The role that diet plays in
the development and progression of dental caries has
been well characterized in the literature, but
the importance of nutrition as a predisposing factor
for the development of periodontal diseases is less
well defined. Gingivitis and periodontitis are
prevalent forms of periodontal disease in humans
(39) and are the result of inflammatory and immune
responses to bacterial infections of the gingival
tissues (18). Periodontitis represents a heterogeneous
multifactorial group of infectious diseases with
destructive inflammatory pathogenesis that lead
to destruction of the supporting tissues of the teeth.
If the inflammatory response fails to remove the
causative pathogens, the prolonged release of
neutrophils, proteolytic enzymes, proinflammatory
mediators and reactive oxygen species occurs, which
in turn destroy the periodontal attachment. Host-
based risk factors such as genetic background of an
individual, socio-economic status, smoking and die-
tary habits have all been suggested to alter the innate
susceptibility of the host to periodontal disease (18,
25).

Recently it has been suggested that nutrition may
be important in redressing the balance between
microbial challenge and the host response because it
has been implicated in a number of inflammatory
diseases and conditions, including type 2 diabetes,
cardiovascular disease, rheumatoid arthritis and
inflammatory bowel disease, all of which have also
been associated with periodontal disease (36). Diets
high in saturated fats and sugars and low in fruit,
vegetables and fiber are common risk factors asso-
ciated with these chronic diseases (42).
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The evidence, however, for a direct link between
periodontal disease and nutrition comes mainly from
observational cross-sectional studies, with a large
proportion finding no significant association between
the nutrient being analysed and markers of peri-
odontal disease status (36). Nevertheless, a limited
number of studies do give some indication of a
relationship. Results from a prospective, observa-
tional study carried out over 14 years revealed that
men with a high consumption of wholegrain were
23% less likely to develop periodontitis than were
those who had the lowest consumption of wholegrain
(22). Furthermore, three separate analyses of the US
Third National Health and Nutrition Examination
Survey (NHANES III) produced statistically signifi-
cant associations between periodontitis and markers
of increased body mass, leading the authors to
conclude that obesity could be a potential risk factor
for periodontal disease, especially in younger sub-
jects (1, 27, 41).

It is well established that specific nutrients can
modulate immune and inflammatory responses (10).
Based on the pathology of periodontal disease the
assumption is that these nutrients could modulate
periodontal health. Increased production of reactive
oxygen species raises requirements for the antioxi-
dant nutrients involved in defence. Antioxidant vita-
mins (vitamins A, C and E) and trace elements
(selenium, copper and zinc), known to be depleted
during periods of inflammation (30), can counteract
reactive oxygen species damage to cellular tissues
and modulate immune-cell function through the
regulation of redox-regulated transcription factors
and ultimately affect the production of cytokines and
prostaglandins (40). Moreover, selenium has further
important redox functions, with selenium-dependent
glutathione enzymes being involved in the reduction
of damaging lipid and phospholipid hydroperoxides
to harmless products. A rodent model of zinc
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deficiency has shown an increased susceptibility to
periodontal disease progression, as revealed by in-
creased plaque and higher gingival index measure-
ments (26). These vitamins and trace elements are
also known to play a pivotal role in maintaining
epithelial tissue integrity and structure, which is also
relevant to periodontal health (6). Intake of n-3
polyunsaturated fatty acids, predominantly found in
oily fish, increase the tissue concentrations of eico-
sapentaenoic acid and docosahexaenoic acid, which
are known to downregulate inflammation (38).
Studies of n-3 fatty acids in rodent models have
demonstrated decreased levels of the major inflam-
matory mediators prostaglandin E,, prostaglandin F,
alpha, leukotriene B4 and platelet activating factor in
gingival tissue, which are known to contribute to
bone destruction in periodontal disease (17). Further
analyses of these fatty acids suggest that n-3 poly-
unsaturated fatty acid metabolites may act as signals
to prevent neutrophil-mediated tissue damage (37). A
recent longitudinal study of periodontal disease
markers in elderly patients revealed that those who
consumed the lowest level of n-3 fatty acids (strati-
fied for eicosapentaenoic acid and docosahexaenoic
acid) had higher incidences of periodontal disease,
suggesting an inverse relationship between dietary n-
3 fatty acid intake and the progression of periodontal
disease in older people (17).

The limited evidence linking the cause and pre-
vention of periodontal disease, based on observa-
tional, cross-sectional or very small double-blind
randomized supplementation trials, highlights the
enormous scope for the use of nutritional genomics
(nutrigenomics) to understand these links in more
detail. Oral health scientists now have the opportu-
nity to study nutrient-gene interactions and how diet
affects the inflammatory mechanisms underlying
severe periodontitis.

Nutrigenomics

The term genomics describes the process by which
all genes present in the genome of a given species
can be mapped, sequenced and characterized.
Extensions of genomics, such as structural and/or
comparative genomics, are also being used to char-
acterize the genome in greater detail. Transcripto-
mics is the term used to describe the approach in
which mRNA, and consequently gene expression, is
analysed in a biological sample under certain
conditions at a given point in time. Proteomics take
this analysis further and aims to characterize all

proteins in a biological sample at the functional level.
Metabolomics is used to describe quantitative anal-
ysis of all metabolites in a biological system such as
cell, tissue or biological fluid (blood, plasma and
saliva). Nutrigenomics aims to reveal the relationship
between nutrition and the genome and to provide the
scientific basis for improved public health through
dietary means. It is extremely likely that interactions
between genotype and diet are important in deter-
mining the risk of the most common complex
diseases, including periodontal disease. Numerous
nutritional genetic studies where the outcome
measure was markers of disease risk, most notably
cardiovascular disease and cancer (2-5, 9, 12, 15, 20),
provide proof of principle. The lower risk of prostate
and breast cancers in areas such as Asia, where there
is a habitual high intake of soy and isoflavone, are
well documented. Recent meta-analysis data com-
paring western and Asian populations have estimated
a reduction in prostate cancer risk of approximately
30% for men consuming high soy isoflavone diets
(43). It has also been estimated that high intake of
food rich in soy can be related to a reduction of
approximately 15% in breast cancer risk for pre-
menopausal women (3, 35). However, the association
is not straightforward, and at least three long-term
(up to 2 years) double-blind randomized controlled
trials investigating isoflavone supplementation have
reported no effect on markers of breast cancer risk,
such as mammographic density (23). The inconsis-
tencies in the results, and the failure to observe clear
clinical outcomes, may be explained, in part, through
a nutrigenomic approach. One such study has dem-
onstrated the importance of interindividual variation
in the genetic background of a population to assess
the biological effect of the isoflavone. Interactions
between dietary isoflavone intake, polymorphisms
within the estrogen receptor-p gene and the risk of
prostate cancer were examined in a case—control
study performed in over 2000 Swedish men (14). This
study reported that individuals homozygous or
heterozygous for a particular single nucleotide poly-
morphism in the estrogen receptor gene, and who
consumed higher amounts of phytoestrogen and
isoflavone, had a significantly reduced prostate can-
cer risk (57% and 27%, respectively), whereas no
association between soy diet and cancer risk was
found in subjects who were homozygous for the
wild-type allele, which was more frequently
expressed in the population. A further example where
nutrigenomics has helped to elucidate potential
disease / diet interactions is given in a study relating
to colon cancer risk, which revealed the interactive
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effects of heterocyclic amines produced by cooking
red meats and N-acetyl transferase 2 enzymes which
metabolize these products. Carrying a variant of the
N-acetyl transferase 2 gene led to a significantly in-
creased risk of colon cancer in those who ate high
amounts of well-cooked red meats (16), whereas in
those with the genetic variants alone or dietary
exposure alone there was no statistically significant
increase in risk. In the context of cardiovascular
disease, similar studies have been conducted. Plasma
lipid concentrations are major modifiable risk factors
for cardiovascular disease. The transcription factor,
peroxisome proliferator activated receptor alpha, has
been investigated in numerous studies. This tran-
scription factor is activated by a number of exoge-
nous and endogenous ligands, such as fibrates, fatty
acids and their derivatives. Upon ligand binding,
peroxisome proliferator activated receptor alpha
translocates into the nucleus, heterodimerizes with a
receptor and modulates gene transcription. Peroxi-
some proliferator activated receptor alpha is pri-
marily expressed in tissues that actively oxidize fatty
acids, including the liver and muscle. It is also ex-
pressed in vascular endothelium and smooth muscle,
and in cells of the immune system. Fibrates, the
synthetic ligands for peroxisome proliferator acti-
vated receptor alpha, modulate the expression of
several key proteins involved in the metabolism of
triglyceride-rich lipoproteins and high-density-lipo-
protein cholesterol. Treatment with fibrates has been
shown to lower the amount of plasma triglycerides,
raise the amount of high-density-lipoprotein cho-
lesterol and be preventative against cardiovascular
disease (44). A polymorphism has been identified in
the peroxisome proliferator activated receptor alpha
gene in several populations, which appears to affect
its transcriptional response to dietary fatty acid in-
take. In populations where intake of polyunsaturated
fatty acids was low, subjects who carried the per-
oxisome proliferator activated receptor alpha gene
polymorphism had higher plasma triglyceride levels,
whereas, in those individuals who did not have this
polymorphism, there was little association between
polyunsaturated fatty acid intake and plasma tri-
glyceride levels (44). These studies highlight the
importance of understanding the interactions be-
tween genotype and diet in determining the risk of
most common complex diseases. To date, however,
there are no studies investigating the interaction
between nutrigenomics and periodontal disease and
thus the effect of dietary modification on periodontal
disease progression may have been overlooked in
previous observational studies.
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Type 2 diabetes and periodontal
disease: a possible role for
nutrigenomics

Type 2 diabetes is a complex trait characterized by
decreased insulin secretion and decreased insulin
action at target tissues. A number of observational
studies have reported an increased prevalence of
periodontal disease in patients with type 2 diabetes
and it is now widely accepted in the periodontal
profession that type 2 diabetes is an important risk
factor for periodontal disease (21, 22, 32). Knowledge
of the molecular mechanisms and the underlying
genetic background remain incomplete, although
progress has been made in this area through recent
genome-wide association studies (28, 29, 31, 45), and
it is a formal possibility that common genetic risk
factors may be partly responsible for cross-suscepti-
bility between periodontal disease and type 2 diabetes
and that these genetic risk factors may be modulated
by diet.

To date, a small number of studies have investi-
gated the genetic relationship between periodontal
disease and type 2 diabetes (13, 34). A relatively small
study looking for an association between interleukin-
1 genotype and periodontal disease in diabetic
patients identified, in diabetic patients of African-
American origin, that the genotype IL-1B-511 was
significantly associated with periodontal disease (13).
This study, limited by size, did not identify whether
the patients were suffering from type 1 or type 2
diabetes. A more recent population-based study has
confirmed this finding and identified a significant
association between the variant genotypes of both
interleukin-1A (interleukin-1A-889) and interleukin-
1B (interleukin-1B+3954 and interleukin-1B-511) and
periodontitis in subjects with type 2 diabetes, which
was not seen in nondiabetic controls (34).

As an example of the potential of nutrigenomics
tools for assessing the role of nutrition in periodontal
disease, we describe work from our group investi-
gating the role of the micronutrient zinc, a zinc
transporter gene and the risk of developing type 2
diabetes.

Recent genome-wide association studies have
identified a genetic-susceptibility locus for type 2
diabetes comprising a nonsynonymous single
nucleotide polymorphism (C/T; rs13266634) in a
beta cell-specific zinc-transporter gene. This zinc-
transporter gene (SLC30A8, coding for ZnT8) may be
important in insulin storage and release (29, 31, 45).
In light of this new finding, the existing knowledge
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that zinc has a specific role in beta cell function takes
on new significance with respect to potential strate-
gies to prevent or treat type 2 diabetes and poten-
tially periodontal disease. Studies have revealed that
the single nucleotide polymorphism is associated
with an increased risk of type 2 diabetes, implicating
zinc in the disease etiology (7, 29, 31, 45). Specifically,
the risk of diabetes was increased for carriers of the C
allele, which has a frequency of around 69% in the
UK population (11). Subsequent studies have shown
that the C allele is associated with decreased insulin
secretion in nondiabetic individuals. In an insulin-
secreting cell line model (INS-1E), ZnT8 overexpres-
sion stimulated zinc accumulation and conferred
enhanced glucose-stimulated insulin secretion at
high (> 10 mm) extracellular glucose concentrations
(8). Thus, there is a compelling argument that ZnT8-
mediated zinc transport is important for normal beta
cell function. The association of the SLC30A8 major
allele with an increased risk of type 2 diabetes (30, 32,
45), and the influence of this genotype on measures
of beta cell function (19, 33), is consistent with zinc
delivery to the insulin granule being compromised in
carriers of this allele, but there is as yet no experi-
mental evidence to support this assertion.

It was reported recently that small interfering RNA
knockdown of ZnT8 in a rat beta cell line model (INS-
1E) resulted in a decrease in zinc transport activity of
approximately 20% and that over-expression of the
higher-risk C variant of ZnT8 also reduced Zn trans-
port activity by approximately 20% when compared
with T variant-expressing cells (24). This study did
not measure the effect of the knockdown on insulin
secretion.

Using nutrigenomic techniques, we have been able
to investigate the efficacy of zinc supplementation,
modified by the SLC30A8 genotype, to improve beta
cell function in a cell-line model of diabetes. Using
small interfering RNA knockdown, we created an
insulin-secreting beta cell-line model that has
reduced ZnT8 mRNA levels (of approximately 50-
60%) (Fig. 1). This ZnT8 knockdown resulted in a 46%
reductionin2 mmglucose-stimulated insulin secretion
[48.66 + 7.67 pg/liter for small interfering RNA-trea-
ted beta cells compared with 90.34 + 6.99 g/ liter for
control beta cells (values are given as mean insulin
secretion + standard error of themean); n = 3, P <0.01
(Student’s t—test)] (Fig. 2). These dataindicate arole for
ZnT8 in glucose-stimulated insulin secretion.

To investigate the potential impact of increased
extracellular zinc on insulin secretion in this model,
control or ZnT8 small interfering RNA knockdown
beta cells were incubated with a range of concentra-
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Relative ZnT8 mRNA abundance ¢

1]

siCaontral SiZnTE

Fig. 1. Effect of ZnT8-specific small interfering RNA on
ZnT8 mRNA levels in cultured MIN6 cells. Cells were
transfected transiently with specific mouse ZnT8 small
interfering RNA or with scrambled control small interfer-
ing RNA at both 24 and 48 h after cell seeding. RNA was
extracted 72 h after seeding, and RT-PCR was carried out
for ZnT8 and ZnT5. (A) Representative gel image showing
ZnT8 knockdown. (B) Densitometric analysis of band
intensities. The results shown correspond to those ob-
tained from cells used for glucose-stimulated insulin-
secretion experiments (below and Fig. 2). Relative mRNA
levels are normalized to a value of 1 for the control group
and are presented as mean + standard error of the mean
(n = 3 replicates); **P < 0.01 (Student’s t—test). This result
was replicated in at least three independent experiments.
No significant effect of knockdown was observed for ZnT5
in any experiment in this study (results not shown).

1407 m Control

N
120 ~ O siRNA S
100 -

80 A

Insulin secretion (pgfl)

12 pM 50 pM

Zn Concentration
Fig. 2. Insulin secretion in 2 mwm glucose-stimulated MIN6
cells at different extracellular Zn concentrations. Results
are presented as mean values + standard error of the
mean (n =3 for each treatment). **P < 0.01, *P < 0.05,
NS = not significantly different (P = 0.9) (one-way analy-
sis of variance followed by least significant difference
post-hoc analysis). Linear trend P = 0.04 (Spearman’s
rank correlation).

100 pM

tions of extracellular zinc for 24 h before incubation
with extracellular glucose (2 mm). In ZnT8 small
interfering RNA knockdown cells, insulin secretion
was stimulated at increased concentrations of extra-
cellular zinc and reached the level of control cells at
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Fig. 3. Possible role for nutrient regulation of genes asso-
ciated with periodontal disease. The proposed model
demonstrates the known central role of diet in the etiology
of periodontal disease. The putative shared genetic risk
factors (e.g. ZnT8) between type 2 diabetes and periodontal
disease indicate a possible modulating effect of diet.

the highest zinc concentration of 100 um (Fig. 2). This
important result demonstrates, for the first time, that
increasing the extracellular zinc concentration has a
positive effect on glucose-induced insulin secretion,
indicating a potential benefit of zinc supplementation
on susceptibility to type 2 diabetes in individuals car-
rying the risk allele.

These preliminary data, taken together with the
established link between type 2 diabetes and peri-
odontal disease, lead us to hypothesize that zinc
supplementation may alter periodontal disease pro-
gression through changes in expression of the ZnT8
transporter gene. Further studies investigating cross-
susceptibility genes (including ZnT8) between peri-
odontal disease, diabetes and modulation by diet, are
required (Fig. 3).

The observed differences in the response of an
individual to dietary modification can be attributed
to differences in their genetic make-up, which
emphasizes the importance of exploring the role of
nutrient-gene interactions in the development of
chronic diseases. Oral health scientists now have the
opportunity to study nutrient-gene interactions and
how diet affects the inflammatory mechanisms
underlying severe periodontitis.
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