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Summary

The aim of the study was to analyze whether the total DNA methylation level in dogs is dependent on age
and body weight, using global DNA methylation techniques modeled on the ELISA assay. The material for the
study consisted of blood collected from dogs of varying age and body weight. The experimental group consisted
of 16 individuals with body weights ranging from 3.2 kg to 70 kg and aged from 2 months to 14 years. Total
DNA methylation was determined using a kit for quantitative analysis of DNA methylation manufactured by
MDQI, Imprint Methylated DNA Quantification Kit (Sigma Aldrich). The total DNA methylation level in the
dog genome increases with age. The technique of analyzing the DNA methylation level based on the ELISA
enzyme immune assay is an efficient and effective method for determining relative DNA methylation level.
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Ageing of the organism, which comprises numerous
processes associated with indisposition and reduced
ability to respond to environmental stress, is linked to
epigenetic mechanisms (10). The geriatric process in
dogs has a similar course as in humans and is associated
with numerous ailments and infirmities (16). Ageing
begins at the moment of birth, although its first signs,
such as a general decline in activity, a tendency towards
longer and deeper sleep and loss of enthusiasm, do
not become visible for several years. The most fre-
quent effects are hearing loss, cataracts, weight gain,
impairment of the immune system, inflammation, and
consequently also cancer (4).

DNA methylation is a species-specific and tissue-
-specific process. It consists in the addition of a CH3
group to the cytosine of selected CpG islands (22).
Results obtained for various organisms support the
hypothesis that the global DNA methylation level can
be regarded as a type of clock based on which the life
expectancy of an individual can be predicted (23). The
gene methylation pattern is currently a safe diagnostic

index for detection of tumors, even in the early stages
of malignancy.

DNA methylation is an ideal parameter for com-
prehensive diagnostics. Methylation patterns provide
information concerning the current state of activity of
genes and potential means by which they are activated
or inhibited, as well as “molecular age”, the effect of
numerous environmental factors, as well as individual
variation, which is important in terms of both diagnos-
tics and treatment (17).

The aim of the study was to analyze whether the
total DNA methylation level in dogs is dependent on
age and body weight, using global DNA methylation
techniques modeled on the ELISA assay.

Material and methods

The material for the study consisted of blood collected
from dead dogs of varying age and body weight. The experi-
mental group consisted of 16 individuals with body weights
ranging from 3.2 kg to 70 kg and aged from 2 months to
14 years. Dogs were divided into age groups (pups up to
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9 months, adolescent dogs aged 9 to 15 months, adult dogs
aged 15 months to 8 years, and old dogs over 8 years of
age) on the basis of dog show regulations by FCI (Federa-
tion Cynologique Internationale (AISBL)), and into weight
groups on the basis of dog body weight ranges used in veteri-
nary prophylaxis (small —up to 10 kg; medium — 11-25 kg;
large — 26-45 kg; and giant — over 45 kg). DNA was isolated
using a QIAamp DNA Blond Mini Kit (QIAgen). A 100-pl
volume of the DNA isolate obtained was suspended in AE
buffer. Total DNA methylation was determined using a kit
for quantitative analysis of DNA methylation manufactured
by Sigma (MDQI, Imprint Methylated DNA Quantification
Kit, Sigma Aldrich) according to the protocol included with
the kit. The quantity of DNA collected for analysis was
calculated so that the final DNA concentration following
dilution in binding solution was 150 ng/ul. The total DNA
methylation level was expressed as the relative methylation
level in the samples with respect to the methylated control.
Methylation level was calculated by the formula

((A,S ~ A, B)(A,MC - A, B)) x 100,

where: A, S — mean absorbance of the sample; A, B —
mean absorbance of the blank sample; A, MC — mean
absorbance of the methylated control.

Calculations were performed for each period of devel-
opment and body weight range using the mean of two
measurements.

Statistical analysis of the results (Duncan’s test) was
performed using SAS software. The significance of differ-
ences was determined at P < 0.05.
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Results and discussion

The dogs were divided into groups according to age
(pups, adolescents, adults and old dogs) (Tab. 1) and
body weight (small, medium, large and giant) (Tab. 2),
with 4 individuals in each group.

The average age in the first age group (pups) was
3 months, and in the remaining groups 13 months
(adolescents), 6 years (adults) and 13 years (old dogs).
A statistically significant difference was found in the
global DNA methylation level between pups and
adolescent dogs and between adult and old dogs (over
8 years) (Tab. 1).

The average body weight in each of the weight
groups was as follows: 1.7 kg (small dogs), 13 kg
(medium-sized dogs), 35 kg (large dogs) and 60 kg
(giant dogs). No statistically significant difference was
found in the global DNA methylation level between
weight groups.

As DNA methylation is linked to age, changes in it
have been associated with complex age-related dis-
eases (3). Hannum et al. (13) developed a quantitative
model of ageing by measuring the rate of ageing of the
methylome of a given individual. About 450,000 CpG
markers from the blood of 656 people aged 19 to 110
were used for the analysis. A quantitative measurement
of the methylation level was made. Methylation pat-
terns for the entire genome were found to be a strong
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Tab. 1. Results of measurement of relative DNA methylation
level in dogs in different age groups

Age group ’lll;"(:lobgesr Age Relalil\:;’ gllt:g:\)ylation
Pups 5 up to 9 mos. 43.53° +20.22
Adolescent 2 9-15 mos. 53.60° +32.85
Adult 4 15 mos. to 8 years 61.55% + 22.95
Old 5 over 8 years 81.29° + 9.79

Explanations: a, b — means marked with different superscript
letters differ significantly (p < 0.05)

Tab. 2. Results of measurement of relative DNA methylation
level in dogs in different body weight groups

Weight group I:;u(:lobgesr Bod\{ I:r;t)aight Relatil\:;’ gﬁﬁ}:\)ylation
Small 4 up to 10 56.88° + 17.44
Medium 5 11-25 70.19° + 20.00
Large 3 25-45 60.602 + 17.39
Giant 4 over 45 54.012 + 22.05

Explanations: a—means with this same superscript letter not differ
significantly (p < 0.05)

and predictable biomarker of the rate of biological
ageing (13). Despite the significant diagnostic poten-
tial of measurements of gene methylation, previous
research has primarily involved model species (e.g.
mice, rats, chickens and bees). There are no reports
in the literature of research on the degree of gene
methylation in dogs. Some of the most important
studies of the last decade have demonstrated a link
between methylation and life span in mammals (5, 8).
Differences in patterns of gene expression were first
observed in salmon during ontogenesis in an analysis
conducted in 1996 (23), when methylation was found
to decrease with age, which other authors have con-
firmed in independent research on mammals. A study
by Kwabi-Addo et al. (15) put the previous view into
question, finding that DNA methylation increased with
age in certain genes or tissues (15). Gryzinska et al.
(11) found a correlation between the stage of individual
development in chicken embryos and global DNA
methylation. The global level of 5-methylocytosine
in DNA during pulmonary respiration was higher than
during allantoic respiration (11). A study on embryonic
(tissues) and post-embryonic (blood) development in
chickens showed variation depending on the level of
development. The DNA methylation level increased
with the age of the embryos, and decreased in the case
of one-day-old and 32-week-old chickens. The differ-
ences are probably due to the different tissue sources
and indicate that the type of tissue affects the level of
methylation. The results are evidence of the tissue-
-specificity of this epigenetic mechanism, but primarily
of the dependence of the methylation level on age (12).
An analysis of cytosine methylation in DNA at the gene
level in Japanese quail by the MSP method showed



that the 28S rRNA gene is methylated and silenced in
both 15- and 52-week-old quails, which indicates that
methylation of this gene may be associated not only
with age, but also with the cell cycle (1).

Age is currently known to affect the level of DNA
methylation in most organisms. Correlations have also
been found between DNA methylation and the age of
the organism in both animals and plants. Boks et al. (6)
observed that DNA methylation was correlated with
age and sex in humans. The level of DNA methylation
can be an indicator of age, and abnormal DNA meth-
ylation can lead to premature ageing (5).

Gas chromatography was used to determine
a number of factors causing increased mortality in
bees (2). Strachecka et al., (21) analyzed the effect of
amphotericin B (AmB) on the level of DNA methyla-
tion in bees. Amphotericin B is an antifungal medica-
tion used to treat mycosis in humans. Amphotericin
B was found to increase the global DNA methylation
level in bees, and accelerated ageing can be regarded
as a side effect of treatment with AmB (21).

The significant potential of methylation as an indi-
cator led to measures taken by Horvath (14), who
conducted statistical analyses of methylation using
samples collected from various types of healthy human
tissue from different age groups (including both fetuses
and people aged 110 years). The study identified 353
specific genome regions in which the methylation level
increased or decreased with age in nearly all the tissues.
One of the samples analyzed was a woman’s breast
tissue whose “methylation age” was found to be 2-3
years higher than that of the other body tissues. The
same algorithm was used to evaluate material from the
heart, which in both sexes was 9 years younger than
the tissues of the rest of the body. Breast cell genes are
believed to have a higher methylation age due to their
constant exposure to hormones, while the surprisingly
low age in the case of the heart is probably due to the
presence of stem cells. The fact that increasing age is
one of the risk factors in cancerogenesis suggests that
premature ageing of breast tissue may explain why
tumors in women occur most frequently in this part of
the body. Cancer tissues appear to be 36 years older
than samples taken from healthy organs. The algorithm
created by the researchers was found to be two times
more accurate a technique than measurement of telo-
mere length for estimating “methylation age”. The use
of this tool for estimating methylation levels may find
application in analysis of tissue obtained from biopsies
to detect accelerated ageing, which could indicate the
development of a neoplastic process (14).

Previous research on the association between body
weight and epigenetic changes has primarily focused
on humans (19). Relton et al. (18) studied the relation-
ship between the methylation pattern of DNA isolated
from umbilical blood and childhood body weight. The
results of the study confirmed the association between
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the degree of DNA methylation at birth and body
weight in childhood. Genes that exhibited impaired
expression in children with a high body mass index
(BMI) had abnormal regulation at birth. This suggests
that a change takes place in the DNA methylation
pattern of genes at birth that influence body weight in
childhood.

A study determining the level of DNA methylation
in the skin and lipid tissue confirmed the link between
BMI and methylation of CpG islands. Evaluation of
methylation of the gene HIF34 in whole blood and
lipid tissue found that the methylation process con-
tributed to an increase in body weight and thus to
obesity (7).

Slomko et al. (20) investigated the relationship
between variably methylated regions (VMR) and
BMI by analyzing 4.5 million CpG sites in the entire
genome. Four VMR were found to be associated
with BMI. Obesity is a disease with many underlying
causes and is influenced by genetic, epigenetic and
environmental factors. Despite the many studies that
have investigated factors influencing obesity, research
aimed at elucidating how epigenetic factors can con-
tribute to an increase in body weight has only recently
begun.

The DNA methylation profile is also affected by
diet, single nucleotide polymorphisms and exposure
to environmental factors. Deficiencies of folic acid,
methionine or selenium can lead to hypomethylation
of DNA, leading to impairment of gene expression
and genetic instability (9). Analysis of DNA methyla-
tion profiles and the methylome is an important tool
enabling a systemic approach to investigating and
improving our understanding of genome function in
states of health and disease.

The results of the study provide a basis for further
research on the phenomenon of methylation in dogs.
The association found between this mechanism and
the age of individuals contributes to knowledge in the
area of epigenetics and underscores the important role
of methylation as an indicator of age and a tool for
predicting life span, which in the future may be help-
ful not only in the case of dogs but in humans as well.

Research on the influence of the age of dogs on the
degree of DNA methylation expands knowledge of
the epigenome of this species and of mechanisms of
epigenetic phenomena. The total DNA methylation
level in the dog genome increases with age.
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