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ABSTRACT

The aim: To evaluate the mRNA expression of the key requlators of osteogenesis — osteocalcin and BMP-2 in the mouse embryos mandible (17th day of
pregnancy) which were borne by females on high-cholesterol diet for 30 days before fertilization and throughout pregnancy.

Materials and methods: Experimental hypercholesterolemia (2%) was simulated by adding Cholesterol to the diet for 60 days. In experiment were used 40
mature female white mice that were randomly divided to control and experimental groups. The control group were fed with standard chow diet, the experimental
group with diet with cholesterol enriched diet (with addition of 2 grams of Cholesterol per 100 grams of standard chow). The mandibles of mouse embryos
(E—=17) were examined by using molecular genetic methods.

Results: In control group the relative level of BMP-2 mRNA / actin mRNA was 27.0+2.82, the relative level of and osteocalcin mRNA / actin mRNA was 30.5+6,28.
In the jaws of animals in the experimental group with cholesterol enriched diet, the expression relative level of BMP-2 was 30.9+5.81 that is by 14,4% higher
than in control group. Therefore, the expression level of osteocalcin, on the contrary, decreased by 22.3% and was 23.7+5.31.

Conclusions: Our study report influence of the cholesterol enriched diet (2%) on mRNA expression of BMP-2 and osteocalcin encoding genes. The embryos from
mouse on cholesterol enriched diet (2%) had increased level of BMP-2 gene expression, however significantly decreased level of osteocalcin gene expression.
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INTRODUCTION

Adequate and balanced nutrition of the pregnant
woman ensures the normal fetal development and is
the basis for the formation of organs and tissues of the
oral cavity in the baby. Nutrition during pregnancy play
an important role in tooth development, that basically
include influence on primary tooth formation and the
start of mineralization. More over in future may account
for dental caries susceptibility in children [1].

In all trimesters, more than a half of the sample group
reported fat intakes as percentages of energy that
exceeded the acceptable range of 20-35% [2]. These
results were similar to those [3] in which a third of the
1533 studied pregnant women had total fat intakes
as a percentage of energy exceeded the Acceptable
Micronutrient Distribution Range. Furthermore, a
meta-analysis [4] of the studies also found that the
average fat intakes in pregnant women also above rec-
ommendations (as percentages of energy intake) and
were 35.0% to 37.1%, in accordance with the results [2].
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Unbalanced and poor nutrition of pregnant women
increases the risk of dental caries in the unborn child
by forming low caries susceptibility of the embryo
tooth tissues, fetal immaturity and enamel hypoplasia
of the baby, and as a result, leading to caries of decid-
uous teeth in children [5]. However, still is not enough
studies about particular effects of maternal diet on
dental health of child in order to make evidence-based
statements. There are studies that show that High fat
diet (HFD) has deleterious effect on bone micro-archi-
tecture [6 - 7].

A constant component of fatty foods is cholesterol.
Cholesterol occurs naturally only in foods of animal
origin. The highest concentrations are found in liver and
egg yolk, but red meats, poultry (especially the skin),
full-fat milk, and cheese make significant contributions
to the diet [8]. Dietary cholesterol was implicated in
increasing blood cholesterol levels [9].

Bone morphogenetic protein and osteocalcin play a
crucial role in stages of odontogenesis and tooth germ
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early mineralization. Many studies investigated that
BMP-2 is needed to start the differentiation of stem
cells from exfoliated deciduous teeth into odontoblasts
[10-12]. Some studies show that one of the growth fac-
tors for the isolated dental papilla and odontoblasts in
future was BMP-2 [13]. Also, BMP-2 has been found to
induce differentiation of the cells of follicle into a ce-
mentoblasts or osteoblasts phenotype [14]. One more
of stimulating effect of BMP-2 is proliferation and then
differentiation of pulp cells into odontoblast cells [15],
consequently, BMP-2 are able to induce osteodentine
and tubular dentine, in turn, growth hormone is able
to induce BMP-2 in dental pulp fibroblasts [16].

During tooth development, BMP-2 is initially ex-
pressed in the oral epithelial cells at embryonic day
13 (E13), and at later stages of tooth development its
expression shifts to the mesenchymal dental papilla
and becomes more intense with dentinogenesis [17].

Bone gamma-carboxyglutamate protein (BGLAP,
osteocalcin) is protein that is secreted by mature os-
teoblasts; thus, expression of BGLAP is an indicator for
bone function. One of study paid attention to a vitamin
K-dependent matrix protein — osteocalcin that is pro-
duced by dentine odontoblasts and in bone tissue and
has ability to binding to hydroxyapatite. Finding form
this study suggest key role of osteocalcin in dentino-
and cementogenesis, bone and periodontal ligament
remodeling as well as mineralization [18].

Researches said that osteocalcin was expressed only
during the later stages - at the maturation stage of
enamel formation, and was detected in odontoblasts
and their processes within the extracellular matrix.
Our data show that osteocalcin and osteonectin,
coexpressed in bone and teeth, may diverge in their
functional involvement in relation to the binding spec-
ificities of the cellular and extracellular components of
dental mineralized tissues [19].

There some studies have linked imbalanced ma-
ternal nutrition with violated fetal odontogenesis,
but it unknown whether excessive cholesterol intake
during pregnancy alter teeth germination disorders
via influence on expression of two important proteins
of tooth development and mineralization, BMP-2 and
osteocalcin, that are encoding by BMP-2 and Bglap
genes, correspondingly.

THE AIM

The aim of this study was to evaluate the mRNA ex-
pression of the key regulators of osteogenesis — osteo-
calcin and bone morphogenetic protein 2 (BMP-2) in
the mouse embryos mandible (17" day of pregnancy)
which were borne by females on high-cholesterol

diet for 30 days before fertilization and throughout
pregnancy.

MATERIALS AND METHODS

For decades, the laboratory mouse has been the pre-
ferred model organism for the study of human biology
and diseases. Humans and mice share a very similar
genetic background, and around 90% of both genomes
can be partitioned into regions of conserved synteny.
The extrapolation of the obtained results to humans is
theoretically possible due to the great described genes
sequence similarity between humans and mice [20].

Forty mature female white mice were housed in
cages with controlled conditions and free access to
water (20-24°C, 50-60% relative humidity, artificial 12-h
light — 12-h dark cycle). Mice were randomly divided
to control and experimental groups (20 mice in each
group). The control group were fed with standard chow
diet, the experimental group with diet with cholesterol
enriched diet (with addition of 2 grams of Cholesterol
per 100 grams of standard chow).

Adult females after 30 days of experiment in proestrus
or estrus cycle phase used in this study were paired
overnight with vigorous sexually experienced adult
males in proportion 4 to 1. Successful mating was con-
firmed by the presence of sperm in the vaginal smear
the following morning (07:00-08:00) and this day was
considered day 1 of pregnancy. Only sperm positive
females were used in the study. The pregnant mice were
assigned into various groups according to the design of
the experiment. Throughout pregnancy females were
kept in cages and fed with standard chow for control
group or cholesterol-enriched chow for experimental
group.

Period of mice embryotic development between
E16.5 and E18.5 is known as bell stage. During this
stage influence of BMP-2 and Bglap genes is crucial for
odontogenesis and mineralization [21]. That is why 17
day of embryotic development was chosen as a day of
the end of experiment in order to achieve the aim of this
study. 6 pregnant mice from each group were exposed
by carbon dioxide on the 17th day of pregnancy (E17).
Mandibles of 17 embryonic days old mouse (E17) were
excised to provide molecular-genetic investigation.
All procedures with animals were in accordance with
the «Rules and Regulations for Carrying Out Animal
Research Work».

Mandibles of 17 embryonic days old mouse (E17)
were used for phenol-chloroform extractions of RNA
samples. Sigma-Aldrich (USA) reagents were used
for these purposes. Concentration of RNA in samples
was analyzed using the Thermo Scientific NanoDrop™
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1000 Spectrophotometer (USA) and Thermo Scientific
RevertAid First Strand cDNA Synthesis. 200-300 pg of
total RNA were used for reverse transcription using First
Strand cDNA Synthesis Kit (Fermentas, Lithuania) and
(Oligo(dT),, Primer the oligo(dT)18. PCR amplification
of cDNA from RNA was performed.

BMP-2 and Bglap expression was measured and
performed by real-time PCR. Next primers were used:

BMP-2 Up: 5°-GTGGAGGAACTTCCAGAGATGA-3’,

BMP-2 Dw: 5-CTGCAGATGTGAGAAACTCGTC-3’,

Osteocalcin Up: 5°-CAGGAGGGCAATAAGGTAGTGA-3',

Osteocalcin Dw: 5 -CAGGGTTAAGCTCACACTGCTC-3".

For quantitative analysis, real-time PCR was conduct-
ed with a using SYBR Green PCR Master Mix (Thermo
Fisher Scientific) — 20 uL with 25 pM of each primer.The
thermal cycling conditions (with initial denaturation
and AmpliTag Gold® DNA polymerase activation) were
as follows: 10 min at 95°C followed by 50 cycles of 95°C
for 15 s, 60°C for 60 s (for osteocalcin 61°C).

In order to distinguish among PCR product melting
curve analysis was used. Melting stage consisted of
gradual temperature increase from 60 or 61°C to 94°C.
By the temperature increase, DNA molecules dissociate
and fluorescence of DNA-SYBR Green complex starts
to reduce.

7500 Fast Real-time PCR Software by Applied Biosys-
tems was used to perform the data of this investigation.

Statistical analyses. Data were analyzed with Origin
7.0 and Excel 2000. Shapiro-Wilk test was used for
checking the data for normality. The study of difference
was caried out by Mann-Whitney two-tailed test. Differ-
ences were considered significant at P < 0.05.

RESULTS

To determine the influence of hypercholesterolemia on
BMP-2 and osteocalcin quantity we examined of mRNA
expression of encoding genes of these proteins, as a key
factor of odontogenesis.

Ampilification products (actin, BMP-2 and osteocalcin)
concentration relate to curve of amplification cycle
number and curve of dissociation amplification prod-
ucts are shown in fig. 1.

The real time PCR analysis showed that in control
group with standard chow the expression of BMP-2 and
osteocalcin genes in the mandible of mouse embryos
genes was at approximately the same level. In control
group the relative level of BMP-2 mRNA / actin mRNA
was 27.0£2.82 (fig. 2), the relative level of and osteocal-
cin mRNA / actin mRNA was 30.5+6,28 (fig. 3). However,
in the jaws of animals in the experimental group with
cholesterol enriched diet, the expression relative level
of BMP-2 tended to increase and was 30.9+5.81 (p=0.53;

1610

p>0,05) that s by 14,4% higher than in control group (fig.
2). Therefore, the expression level of osteocalcin, on the
contrary, decreased by 22.3% and was 23.7+5.31 (fig. 3).

The analysis of the obtained data allows us to assume
that the hypercholesterol diet to some extent changes
the expression of BMP-2 and osteocalcin genes, and
these changes are in different directions. According to
the function of BMP-2 as a key factor in the differentia-
tion of odontoblasts, it can be assumed that increasing
its expression will accelerate odontogenesis. A decrease
in the expression of the osteocalcin gene, which ensures
mineralization in the tissues of the tooth germ, can
lead to insufficient hydroxyapatite saturation of the
hard tissues of the forming tooth, and, as a result, the
eruption of teeth with a reduced level of mineralization.

DISCUSSION

There is a lot of data on the effect of hypercholester-
olemia and of statins on the expression of BMP-2 and
osteocalcin. The most indicative data were obtained
indirectly through the study of the statins effect (known
as hypercholesterolemic agents) on the processes of
calcification and ossification. One of the epidemio-
logical studies have shown that statins increase bone
mineral density and reduce the risk of bone fractures
[22]. Statins can directly stimulate BMP-2 expression and
osteoblast differentiation, while inhibiting osteoclast
activity and osteoblast apoptosis [23].

There are some studies that show that concentration
of osteocalcin in the blood serum depends on the
concentration of cholesterol. People with hypercholes-
terolemia and high blood sugar (metabolic syndrome)
tend to have lower osteocalcin level [24]. Also, hyper-
cholesterolemic drugs (rosuvastatin) increase serum
osteocalcin levels, although this effect does not depend
on lowering cholesterol levels [25].

Unfortunately, these data do not provide a direct
answer how exactly hypercholesterolemia influence
on tooth development, but lowering cholesterol levels
under the influence of statins may suggest that elevated
cholesterol levels may adversely affect BMP-2 expres-
sion and bone mineral density in general. D.L. Franklin
[26] showed that odontoblasts in the early stages of
development contain much less cholesterol than fully
differentiated cells. Cholesterol content and distribu-
tion significantly affect the fluidity of the odontoblast
cell membrane, and the low cholesterol content in
low-differentiated odontoblasts provides budding of
the matrix vesicles required for tooth formation. Earlier,
similar data were obtained: the cholesterol content is
much higher in permanent teeth compared to the teeth
that are formed [27].
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Fig. 1. A: Concentration of amplification products — actin, BMP-2 and osteocalcin correspondingly with curve of amplification cycle number;
B: Concentration of amplification products — actin, BMP-2 and osteocalcin correspondingly with curve of dissociation amplification products.

Analysis of the obtained data suggests that the
hypercholesterolemic diet alters, to some extent, the
expression of BMP-2 and osteocalcin genes, and these
changes are multidirectional. Based on the function
of BMP-2, as a key factor in the differentiation of
odontoblasts and function of osteocalcin as inducer
of dentine and enamel mineralization, we can assume
that increase of its expression will accelerate odonto-
genesis. In this case, the decrease in the expression of
the osteocalcin gene, which provides mineralization in

tooth tissues, can lead to insufficient saturation with
hydroxyapatite of hard tissues of the tooth, which is
formed, resulting in the eruption of teeth with low
mineralization.

The date from some studies showed that lower levels
of osteocalcin are not sufficient to markedly influence
dentinogenesis but enamel mineralization is more
sensitive to osteocalcin presence. This difference could
manifest because of different character of mineraliza-
tion stages of this two tooth hard tissues — enamel crys-

1611



Inessa . Yakubova et al.

40,0

30,0

20,0

10,0

0.0 :
Control

Hypercholesterolemic diet

Fig. 2. mRNA expression of BMP-2 relative to
actin in mandible of mouse embryos in control
with standard chow and experimental choles-
terol enriched diet groups. Research groups are
represented horizontally, the relative level of
BMP-2 mRNA / actin mRNA in are represented
vertically
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Fig. 3. mRNA expression of osteocalcin relative
to actin in mandible of mouse embryos in
control and experimental cholesterol enriched
diet groups. Research groups are represented
horizontally, the relative level of osteocalcin
mRNA/actinmRNA in are represented vertically

tals in secretory stage of enamel formation are growing
in a non-collagenous enamel matrix contained within
a tightly controlled enamel compartment, formed by
the mineralized dentin and the layer of secretory am-
eloblast [28].

In this study we have received evidence that in
mandibles of mouse embryos from mice that had
high-cholesterol diet for 30 days before fertilization
and throughout pregnancy had tendency to increas-
ing BMP-2 expression and decreasing osteocalcin
gene expression. Decreased level of osteocalcin gene
expression could leads to failure in tooth germ early
mineralization.

Results of our study may suggest that maternal
hypercholesterolemia has the specific influence on
health of the oral cavity of future child through altering
saturation of hydroxyapatite and normal process of
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tooth mineralization during tooth formation. In turn
mineralization defects could result in amelogenesis
imperfecta, low level of enamel mineralization and early
caries after tooth eruption.

CONCLUSIONS

Our study report influence of the cholesterol enriched
diet (2%) on mMRNA expression of BMP-2 and osteocalcin
encoding genes. The embryos from mouse on choles-
terol enriched diet (2%) had increased level of BMP-2
gene expression, however significantly decreased level
of osteocalcin gene expression. The histopathological
changes investigation in tooth germs in mandible of 17-
days mouse embryos allows comparison of geneticand
pathomorphological changes and helps to determine
the functional significance of changes in expression of
the studied genes.
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