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KEYWORDS Abstract Background/purpose: Genetics plays a role in the susceptibility to periodontitis

Bone; and tooth loss. Several studies examined the involvement of polymorphisms in candidate

Genetic genes. We hypothesize that bone metabolism-related polymorphisms could be associated with
polymorphisms; the number of remaining teeth.

Oral health; Materials and methods: Participants in the Pro.V.A. longitudinal Study: 3099 Italians (aged 65+

Tooth loss; at baseline), 2196 at follow-up 1 (5yrs), 1641 at follow-up 2 (7yrs) underwent detailed inter-

Type | collagen view and clinical-instrumental examination. Subjects, grouped by remaining teeth number

0, 1-7, 8—19, 20+), were genotyped for six different bone-related polymorphisms: collagen
type la1 (COL1A1, Sp1, Ss alleles, n = 1068), vitamin D receptor (VDR, Fok I, Ff alleles,
n = 300), calcitonin receptor (CALCR, Alu I, CT alleles, n = 1430), estrogen receptor alpha
(ESR1, Pvu Il and Xba I, Pp and Xx alleles, n = 1335 and n = 1324).

Results: COL1A1 associated with dental status: ss carriers had reduced incident tooth loss
(p < 0.05). The low frequency of this genotype, 3.6% in the whole population, didn’t grant suf-
ficient statistical power to other findings, such as the lower prevalence of edentulism, consis-
tent throughout the study. In men, CC genotype of CALCR was associated with higher tooth loss
between follow ups (p < 0.05). Biochemical markers of inflammation didn’t differ by genotype.
Confounders such as diabetes, neoplasms, and smoking hampered the detrimental effect of S
allele in the logistic regression analysis (OR = 0.67, 95% Cl 0.4—1.0, p = 0.06).

Conclusion: The present study, demonstrating an association between tooth loss and COL1A1
and -in men- CALCR, contributes to the identification of genes involved in tooth loss and,
possibly, susceptibility to periodontitis.
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Introduction

Edentulism is a multifactorial condition whose prevalence
among the elderly of western countries ranges from less
than 20 to 60%." > Many studies have shown that the main
cause of tooth loss in advanced age is chronic periodontitis,
an inflammatory disease of periodontal tissues character-
ized by gingival swelling, loss of alveolar bone, and tooth
movement.* ® While gingivitis is generally reversible,
periodontitis destroys the periodontium, thus determining
loss of tooth attachment.’ The etiology of periodontitis is
complex and related to multiple environmental and clinical
risk factors as well as to individual differences in the
structure of periodontal tissues. It has been advanced that
genetics might play a prominent role in tooth loss and
susceptibility to periodontal disease, but the disorder is
likely polygenic and the identification of genetic risk fac-
tors is further complicated by its possible multiple -chronic
and aggressive— presentation, while the difference in the
number of remaining teeth among individuals may reflect
genetic variation within the population.'®""? Several
studies have examined the association between poly-
morphisms in candidate genes and periodontitis. Since
Gram negative anaerobic bacteria can induce the loss of
attachment observed in periodontitis, candidate genes
have been initially selected among those codifying for in-
flammatory mediators extending thereafter to various
others, involved in infection susceptibility and association
with chronic diseases, with conflictual results.'> ' Several
aspects of the relationship between oral indicators and
bone mineral density have also been investigated.'®?° As
the rate of local bone loss and structural factors of peri-
odontal tissues may influence also the rate of tooth loss,
the hypothesis that polymorphisms in genes of the host
bone metabolism could be associated with the number of
remaining teeth and with incident tooth loss relies on a
robust rationale. We went on investigating this topic and
the findings are reported in the present study. We used the
number of remaining teeth and the loss of teeth over two
follow ups of 5 and 7 years as an index of periodontal dis-
ease susceptibility, in an elderly Italian population that was
genotyped for a panel of polymorphisms described in bone
metabolism-associated genes, namely collagen 1 type |
(COL1AT1), vitamin D (VDR), calcitonin receptor (CALCR),
and estrogen receptor o (ESR1).

Materials and methods

Study population

The Pro.V.A. (Progetto Veneto Anziani) Study is a large
observational community-based cohort survey on 3099
subjects aged 65 and older (1245 men and 1854 women),
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residing in the Veneto Region (Rovigo and Camposampiero
areas, in Northeast Italy), designed to assess the functional
status and the prevalence of disability in a representative
sample of the population.?’ The cross-sectional phase
began in 1995 and ended in 1998, while the longitudinal one
consisted of two follow ups at 5 (FU1) and 7 years (FU2),
respectively. The Pro.V.A. Study design and protocol were
approved by the two Institutional Review Boards of the
Veneto Region Health Care Agencies. All the participants
signed an informed written consent form, were interviewed
at their homes, and examined by specially trained physi-
cians and nurses through a protocol consisting of an
extensive battery of clinical, instrumental, biochemical
tests at the clinic facilities provided for the study’s
implementation.

Oral examination

During the physical work up at the study center, trained
clinicians performed an oral examination to assess each
patient’s general oral status and number of teeth. Exami-
nations were performed in a well-calibrated manner, using
a standard dental mirror under a sharp artificial lighting. All
teeth whether sound, decayed, or treated with any kind of
restoration, were considered when the total number of
remaining teeth was being calculated. The presence of an
upper and/or lower jaw prosthesis also was recorded. Data
about oral conditions were obtained from 3083 subjects
(1237 M, 1846 F) at baseline, from 2196 survivors (805 M,
1391 F) at the first FU examination, and from 1640 (576 M,
1064 F) at the second one.

Laboratory data

Serum inflammation indexes: white blood cells (WBC),
platelet count, fibrinogen, erythrocyte sedimentation rate
(ESR) were determined during routinary procedures at the
study centers. Serum 25-OH calciferol (vit.D) levels were
measured at the central University facilities by radioim-
munoassay (DiaSorin, Saluggia, Italy). The intra-assay and
inter-assay coefficients of variations (CV) for vit.D were
8.1% and 10.2%, respectively.

Genotype analysis

Genomic DNA was extracted from peripheral blood of 1443
participants (582 M; 861 F) using the salting out procedure
described by Miller.?> DNA was amplified in a programmable
thermal cycler (MJ Research Inc, Waltham, MA, USA) using
specific primers and programs for each gene analyzed, as
specified below. All of the amplifications were performed in
a final volume of 50 puL, using 0.2—0.4 pg of genomic DNA.
All programs included an initial denaturation at 94 °C for
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3 min prior to the first cycle, and a final extension step of
7 min at 72 °C. For the analyses of RFLPs (restriction frag-
ment length polymorphisms) PCR (polymerase chain reac-
tion) products were digested with gene-specific restriction
enzymes. All digestions were followed by electrophoresis in
a 1.5—3% agarose gel containing ethidium bromide. The
primers used for amplification were obtained from Primm
(Primm Biotech, Napoli, Italy), Tag DNA polymerase, re-
striction enzymes and other molecular biology reagents
were from Celbio (Celbio-Euroclone, Pero, Italy) while
chemicals were from Sigma (Sigma—Aldrich, Milano, Italy),
unless otherwise specified. Disposable materials were from
Corning (Corning GmbH, Wiesbaden, Germany).

COL1A1

Type | collagen, the major protein of bone, consists of a
triple chain made up of two alpha 1 chains and one alpha 2
chain encoded respectively by COL1A1 and COL1A2 genes. A
single nucleotide polymorphism characterized by a G—-T
transition in the binding site for the transcription factor Sp1
in the COL1A1 (S/s allelic variants) has been described and
demonstrated to be related with susceptibility to osteo-
porotic fractures. Allelic variants for COL1A1-Sp binding
site were detected by mean of ARMS-PCR (amplification
refractory mutation system—polymerase chain reaction),
cleaving the product with Bal I/Mlu NI as described by
Grant.”> COL1A1 genotyping was completed in 1068
subjects.

VDR

The vitamin D-derived steroid hormone 1,25 (OH),vitD plays
a major role in bone metabolism. Its receptor (VDR) has
been described in a variety of cell types, thus broadening
the sphere of influence of the hormone from mineral
metabolism and calcium homeostasis to the immune system
and host response. It has been also found, and shown to
have regulatory activity, in the periodontal ligament.?*
Several single nucleotide polymorphisms (SNPs), variously
associated with bone loss/risk of fractures and periodontal
disease, have been described within this gene.?>** VDR
analysis was performed as described by Gross, digesting the
PCR product with Fok | (F/f allelic variants).?” VDR geno-
typing was completed in 300 subjects.

CALCR

Calcitonin is a polypeptide hormone produced by paraf-
ollicular C cells of the thyroid gland. It is known to inhibit
osteoclastic bone resorption and to stimulate urinary cal-
cium excretion. These actions are exerted through the
binding to a specific G-protein-associated membrane re-
ceptor encoded by the CALCR gene, cloned in 1992.2% A
base mutation T—C (allelic variants T/C) in the third
intracellular C-terminal domain changing a proline (CCG) at
position 447 to a leucine (CTG), might influence the intra-
cellular signal pathway. CALCR analysis was performed as
described by Nakamura, digesting the PCR product with the
restriction enzyme Alu I. CALCR genotyping was completed
in 1430 subjects.?’

ESR1
Estrogens play a central role in bone metabolism and
polymorphisms of estrogen receptor o (ESR1) gene have
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been reported to be associated with the occurrence of
osteoporosis.>® Analyses of the Pvu Il and Xba | restriction
enzyme sites of the first intron (allelic variants P/p and X/x
respectively) were performed as previously described.?'
ESR1-Pvu genotyping was completed in 1335 subjects and
ESR1-Xba in 1324.

Statistical analysis

Quantitative variables were summarized as
mean =+ standard deviation (median, minimum—maximum
for non normal) and qualitative ones as frequency distri-
butions. Analysis of variance or t test was used to compare
mean values among groups for normally distributed vari-
ables, and non parametric Mann—Whitney test for non
normal variables. Chi square or Fisher’s exact tests were
applied to compare categorical distributions. Logistic
regression analysis was performed to estimate the inde-
pendent contribution of each variable considered to tooth
loss. For the study of the association of natural dentition
with different genotypes, the number of remaining teeth
was applied as dichotomous (none vs at least 1) or cate-
gorical (0; 1—7; 8—19; >20). For the analysis of longitudinal
data, the difference between the number of teeth at
baseline and that at follow ups (excluding from the analysis
subjects who were edentulous at baseline), categorizing
the loss at the 75th percentile, was also considered. Con-
founding factors were entered either as categorical - age
(65—74, 75—84, >85 years), smoking habits (current,
former or never) - or dichotomous - diagnosis of diabetes
and neoplasm (yes/no).

A p level lower than 0.05 was considered significant. All
statistical analyses were performed using SAS Statistical
Software Package version 9.1 (SAS Institute, Cary, NC,
USA).>?

Results

Genotype distribution was not affected by sex and age for
all the genes considered and all were in Hardy Weinberg
equilibrium in the Pro.V.A. population (data not shown).

Tooth class frequencies by genotype at baseline and
follow ups are detailed in Fig. 1. The prevalence of
edentulism was high in the studied population (43.8%,
48.4%, and 48.2% at baseline, FU1 and FU2, respectively).
The ss genotype of COL1A1 presented with the lowest
values at all timepoints reaching 29% at FU1 (p < 0.02). As
the prevalence of subjects retaining 20+ teeth was not
high in the general population, further analyses were
performed grouping the subjects into two tooth classes,
with a cut off at 8. Again, the ss genotype resulted
strongly associated with a better dentition at both follow
ups (p < 0.02 at FU1 and p = 0.05 at FU2). All other genes
did not show significant association with the number of
remaining teeth.

As potential intermediates in the relationship, baseline
levels of biochemical markers of inflammation and vit.D
levels were evaluated according to genotype. As reported
in Table 1, inflammation markers did not differ among ge-
notypes, except for lower platelets in ESR1-Pvu genotype
PP. As expected, vit.D levels were lower in ff genotype of
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Figure 1

Prevalence of subjects by tooth class and genetic polymorphisms at baseline and follow ups. Panel A: COL1A1 (collagen

type la1); Panel B: CALCR (calcitonin receptor); Panel C: VDR (vitamin D receptor); Panel D: ESR1-Xba (estrogen receptor alpha).

p < 0.02|. o M7 [J&19 [|20+|

Table 1  Main inflammation markers and vitamin D levels according to genotype in the total population.
Gene Genotype Age Fibrinogen ESR WBC Platelets 25-OH vit.D
(n) (yrs) (g/dL) (mm/h) (n103/mm?) (n103/mm?) (nmol/L)
COL1A1
ss (39) 76.1 +£7.0 373.5 + 95.8 21.2 + 20.2 6.1+ 1.1 213.3 £ 57.5 78.9 + 69.8
Ss (345) 76.1 £ 7.5 360.5 + 102.5 20.2 + 19.7 5.8+ 1.7 218.2 + 62.8 81.5 + 54.4
SS (688) 76.5 +7.8 358.5 + 87.7 21.7 + 20.1 6.1 +£2.7 219.4 + 63.1 80.3 + 52.6
VDR
ff (32) 76.6 + 8.1 386.3 + 126.4 20.7 + 23.9 6.4+ 1.9 233.7 + 59.7 62.2 + 38.4*
Ff (133) 75.8 £ 7.2 378.9 + 91.7 22.3 +21.9 5.6 + 1.6 214.8 + 60.2 73.5 £ 51.6
FF (136) 75.9 + 8.0 391.1 + 89.8 21.2 £ 19.2 5.8+ 1.7 225.7 + 58.0 86.1 + 54.7
CALCR
CC (86) 75.7 £ 7.4 355.3 + 82.3 22.9 + 19.9 5.9 + 1.7 218.4 + 62.7 78.0 + 44.6
CT (539) 76.3 +7.7 346.7 + 85.2 23.0 + 23.6 6.2 +1.8 216.7 + 61.6 87.2 + 63.6
TT (813) 76.0 £ 7.2 349.3 + 153.5 21.3 + 18.8 6.2 +2.3 218.2 + 61.1 85.3 + 59.6
ESR1-Pvu
pp (386) 75.1 £ 7.1 357.5 + 175.6 20.0 + 16.4 6.2 +2.8 215.6 + 58.1 82.1 + 59.0
Pp (705) 76.0 + 7.6 357.0 + 114.6 21.9 + 21.1 6.2 +2.5 218.4 + 58.8 84.5 + 58.2
PP (249) 76.3 +7.3 352.6 + 104.3 22.4 + 20.9 5.9 + 1.5 211.0 + 60.7 94.9 + 63.1*
ESR1-Xba
XX (476) 75.4 +7.2 357.7 + 161.7 20.7 +21.2 6.1 +2.6 213.2 + 57.7 87.3 £ 61.3
Xx (684) 76.1 + 7.7 357.9 + 117.5 22.0 + 18.9 6.2 +£2.5 220.0 + 60.1 81.5 + 56.3
XX (179) 75.7 £ 6.8 346.7 + 103.5 21.1 +£19.8 6.0 + 1.5 209.0 + 56.5* 98.7 + 64.8*

Genes: CALCR = calcitonin receptor; COL1A = collagen type la1; ESR1 =

estrogen receptor alpha; VDR = vitamin D receptor

inflammation markers: ESR = erythrocyte sedimentation rate; WBC = white blood cells.

*p < 0.05.

VDR gene. In women, differences were found in ESR1-Pvu
PP and ESR1-Xba XX, both presenting with higher erythro-
cyte sedimentation rate and platelets, and in VDR ff, with
slightly higher WBC and confirmative lower vit.D. In men,
reduced platelets and WBC were associated with genotypes
ESR1-Pvu PP and ESR1-Xba XX, while the lower levels of
vit.D, found in VDR ff, did not reach statistical significance.

531

Remaining teeth number at baseline and follow ups by
genotype are reported in Table 2. The prevalence of in-
dividuals retaining more teeth was always higher in those
carrying the ss genotype, without reaching statistical sig-
nificance possibly as a consequence of the low number of
subjects presenting with a good dentition that further
weakened the already low frequency of the ss genotype
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Table 2 Remaining teeth at baseline and follow ups, differences at follow ups according to genotypes.
Gene Genotype B FU1 FU2 Delta n teeth
median (min—max)
n Median IQR n Median IQR n Median IQR B-FU1 B-FU2 FU1-FU2
min—max min—max min—max
COL1A1
ss 39 7 0—-14 24 8.5 0—-13.25 15 9 0—15.5 0# 0 0*
0-31 0-25 0-25 0—-6 09 0—-6
Ss 345 3 0—-14.25 234 1.5 0—-15 161 1 0—14 2 3 1
0-30 0-30 0-22 0—22 0-22 0-16
SS 688 2 0—14 468 0 0—11 312 1 0—-10 2 2.5 0
0-31 0-30 024 0-27 0-24 0-24
VDR
ff 32 0.5 0-9.75 18 1.5 0—-12 14 0 0—11.5 1 2 0
0-32 0-32 0-30 0-5 0-14 0-10
Ff 133 3 0—-14 84 2 0-15 59 0 0—14 1 3 0
0-30 0-30 0—28 0—-15 0-16 0-16
FF 135 5 0—-18 86 4.5 0—-16 50 4 0—-12.75 2 2 0
0-—-31 0-30 0-29 0—-27 0-20 0-11
CALCR
cc 86 2 0-13 63 0 0-8 50 0 0-8 1 2 0
0—28 0-—28 0-25 0-10 0-21 0-21
CcT 536 3 0—14 380 1 0—-12 284 1 0—13 1 2 0
0-31 0-30 0-31 0-27 0-18 0-15
TT 808 3 0—-14 613 1 0—-11 508 1 0-—-10 2 3 0
0-30 0-30 0-30 0—21 0-21 0-15
ESR1-Pvu
pp 382 5 0—-14 281 2 0—-10 212 2 0-10 2 3 0
0—29 0—-29 0—-29 0—22 0-22 0-14
Pp 705 2 0—-13 509 1 0—-11 367 0 0—-10 1 3 0
0-—31 0-30 0—29 0—22 0-21 0-21
PP 248 2 0—-14 182 0 0—-11 130 2 0—-13 1 2 0
0-31 028 028 0-20 0-20 0-10
ESR1-Xba
XX 472 4 0—14.25 351 2 0—-10 252 1 0-—-10 2 3 0
0-31 0-30 0-29 0—-22 0-22 0-14
Xx 683 2 0—13 485 1 0—11 359 0 0—11 1 3 0
0-31 0-30 0—-29 0—22 0-21 0-21
XX 179 2 0—-15.5 135 0 0-10.5 97 1 0—-14 2 2 0
0—28 0—28 0—28 0—20 0-20 0-10

B = baseline; FU = follow up; IQR = interquartile range; genes: CALCR = calcitonin receptor; COL1A = collagen type la1;

ESR1 = estrogen receptor alpha; VDR = vitamin D receptor.
*p = 0.017; #p = 0.057.

(3.6% in the general population). Analysis of the number of
lost teeth at follow ups was performed excluding subjects
who were edentulous at baseline. Difference in tooth
number at the different timepoints confirmed the positive
role played by ss genotype, associated with a lower number
of lost teeth between the two follow ups (p = 0.017), the
proportion of subjects loosing less than 2 teeth being
consistently lower in ss compared to the other genotypes
(23.5 vs 53.7% in SS basal-FU1, p = 0.043; 36.4% vs 67.3%
basal-FU2, p = 0.048; 18.2 vs 24.4% FU1-FU2, p = 0.021).
CALCR genotype CC resulted associated with more lost
teeth between F1 and F2 only in men (p = 0.023). No as-
sociation was found with the other genotypes. Further an-
alyses performed to better explore the role of possible
confounders in determining the number of teeth, showed
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no relationship between any genotype and diabetes, neo-
plasms, or smoking habits. In the logistic regression anal-
ysis, adjustment for confounders hampered the
detrimental effect of S allele in tooth retention between
FU1 and FU2 (OR = 0.67, 95% Cl: 0.4—1.0, p = 0.064).

Discussion

The purpose of the present study was to examine whether
polymorphisms of genes involved in processes other than
inflammation (i.e. structural factors of periodontal tissue)
are associated with tooth loss. All the genes analyzed are
known to play a role in bone metabolism and may therefore
be concerned in the impaired attachment that
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characterizes the process leading to tooth loss. While a
common genetic factor has not been identified for all forms
of periodontal disease, at an individual level it comes as the
interplay between innate genetic susceptibility and various
environmental factors. Gene polymorphisms represent a
way by which individuals may exhibit variations within the
range of what is considered biologically normal.'? As most
of them are located on introns and do not cause amino-acid
substitution, the mechanism by which these polymorphisms
affect gene function cannot be inferred in a straightfor-
ward manner and large studies are needed to verify the
contribution of candidate genes to periodontitis and sub-
sequent tooth loss.

The most relevant finding of our work is that the S/s
polymorphism in the transcription factor Sp1 in the COL1A1
gene is related with dental status. Specifically, the ss ge-
notype resulted associated with reduced tooth loss and
with a lower prevalence of edentulism at the first follow
up, particularly in men. Only limited literature reports
address the relationship between COL1A1 Sp1 poly-
morphism and oral status, with non-univocal results. Suzuki
et al. in a study conducted in Japanese subjects, in which
were investigated 310 SNPs in 125 genes encoding both in-
flammatory and structural factors of periodontal disease,
reported a positive correlation between aggressive peri-
odontitis and SNPs in the COL1A1, COL4A1, and IL-6 signal
transducer (IL6ST) genes.> On the other hand, Sakellari did
not find any correlation investigating a Greek population,
but the sample size was small.>*

The VDR gene has been investigated by many Authors as
a possible candidate for the susceptibility to periodontitis
but only a few studies focused on the Fok | poly-
morphism.?*~2® We found a higher prevalence of edentu-
lous subjects carrying the ff genotype. This finding, though
not supported by statistical significance, is in agreement
with a study conducted in a Japanese population, in which
middle-aged men F-carriers were less likely to develop se-
vere chronic periodontitis.”” The rationale may rely in the
lower levels of vitamin D in the ff genotype, confirmed in
our population. Unfortunately, we characterized for VDR
only a relatively small number of subjects, with a negative
impact on the statistical power of our analyses. In the
literature, the most frequent association was found
analyzing the Tag | polymorphism T/t, but, again, studies
were conducted in diverse populations and it must be
considered that different ethnicities as well as periodonti-
tis type may account for discrepancies in the results.>>

The polymorphism identified by Alu | (C/T) in CALCR
gene generates an amino acid substitution that changes the
net charge of the receptor and may influence the affinity
for its ligand calcitonin. A role in the determinism of bone
mass has been demonstrated in postmenopausal women.*’
We found a significantly higher tooth loss from baseline to
FU1 in men. Suzuki and co-workers, investigating in a small
sample the correlation between severe periodontitis and a
SNP positioned in an intron sequence that does not change
the translated protein, also found a significant association.
Their findings, though not easy to compare with ours,
confirm a possible role of CALCR at dental level.>®

Our research, conducted in an elderly population, sug-
gests that the relationship between tooth loss and some
bone metabolism-related genetic polymorphisms may be
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either direct as it appears in men or mediated by bone loss/
osteoporosis as it is more likely in women. This observation
has a rationale in that osteoporosis and tooth loss are
multifactorial and polygenic conditions that are both
established in women over 65 yrs of age while in men the
onset is delayed of 10—15 yrs and therefore the genetic
contribution is more evident in the same age group.

Tooth loss/chronic periodontitis and osteoporosis/
osteopenia have some etiological factors in common.
Although the elucidation of a mechanistic association
awaits future study, these evidences support the involve-
ment of shared genetic factors in tooth loss/chronic peri-
odontitis and osteoporosis. %

Dental status in the elderly is a multifactorial condition
in which genetics plays a modest role. The present study
demonstrating an association between tooth loss and
COL1A1 and CALCR (only in men), contributes to the iden-
tification of genes involved in tooth loss and possibly in
susceptibility to periodontitis. Indeed, the research con-
cerning the genetics of this field should not aim to single
out one gene but rather to identify a combination of genes
that predisposes to the disease.
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