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DNA damage and postural balance in multiple sclerosis patients
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Abstract

Introduction: Multiple Sclerosis (MS) is a chronic inflammatory disease characterized by infiltration of in-
flammatory cells on the Central Nervous System (CNS). There is evidence that cumulative DNA damage can
contribute to various mechanisms underlying MS lesions. Changes in postural balance are frequent observa-
tions in subjects with MS. Objective: Evaluated the DNA damage index (DDI)) and postural balance in patients
with MS. Methods: A case-control study was conducted with 28 subjects matched for sex, age, and body mass
index, divided into MS group and control. The DDI was assessed by comet assay and postural balance through
recording the body oscillations of the center of pressure (COP), in the anterior-posterior and lateral middle
directions. Results: Showed higher DDI in MS patients (21.3 * 4.8) than controls (7.9 £ 6.1). Significant dif-
ferences between groups were also noted in postural control parameters. The wider ranges of postural sway
were observed in the MS group. The associations between DDI and postural control parameters showed weak,
but significant correlations. No associations were found between DDI and time of diagnosis of MS. Conclusion:
People with MS had higher DDI and larger body oscillations than healthy individuals.
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Resumo

Introdugdo: A Esclerose Miltipla (EM) é uma doenga inflamatdrio cronica caracterizada pela infiltragdo de
células inflamatorias no Sistema Nervoso Central (SNC). Hd evidencias de que danos cumulativos ao DNA pos-
sam contribuir para vdrios mecanismos subjacentes as lesées da EM. As alteragées no equilibrio postural sédo
observagdes frequentes nos sujeitos com EM. Objetivo: Este estudo avaliou os indices de dano ao DNA (ID) e
equilibrio postural em portadores de Esclerose Multipla (EM). Métodos: Um estudo de caso-controle foi condu-
zido com 28 sujeitos pareados por sexo, idade e indice de massa corporal, divididos em grupo EM e controle. O
ID foi avaliado pelo ensaio cometa e o equilibro postural através do registro das oscilagées corporais relativas
ao deslocamento centro de pressdo (COP) nas diregbes antero posterior e médio lateral. Resultados: Maiores
ID em portadores de EM (21,3 + 4,8) do que controles (7,9 #+ 6,1). Diferencas significativas entre os grupos
também foram percebidas nos parametros do controle postural. As maiores amplitudes de oscilagdo foram
observadas no grupo EM para ambas as direcdes. As associagdes entre o ID e pardmetros do controle postu-
ral apresentaram correlagées fracas e significativas. Ndo foram encontradas associagdes entre ID e tempo de
diagndstico de EM. Conclusdo: Portadores de EM apresentaram maior ID e maiores oscilagbes corporais do

que controles sauddveis.

Palavras-chave: Dano ao DNA. Esclerose Muiltipla. Ensaio Cometa. Equilibrio Postural.

Introduction

Genetic and environmental factors may contribute
significantly to the development of several comorbidities.
Current studies suggest that accumulation of damage to
genetic material, DNA (deoxyribonucleic acid), induced
by the increase of Reactive Oxygen Species (ROS),
results in decreased of the physiological performance
of the affected cells (1 - 3).

The imbalance produced in the body by excessive
generation of free radicals (or rate of removal of
these species) is known as oxidative stress. It may
be induced by several physical and chemical agents
in the environment, as well as compounds produced
by cell metabolism (1, 2). When ROS overproduce
cellular antioxidant capacity, the resulting oxidative
stress may generate damage to macromolecules such
as lipids, proteins, and nucleotides (2, 4 - 6). Recent
research suggests that the incidence of oxidative
stress may be associated with premature aging
and cardiovascular and neurodegenerative
diseases (5 - 8). Accordingly, ROS may contribute
to various mechanisms underlying Multiple
Sclerosis (MS) lesions (6, 7).

MS is a chronic neuropathology characterized
by infiltration of inflammatory cells into the central
nervous system (CNS) (9 - 11). Epidemiological
studies suggest that MS appears in early adulthood

and is currently the most common cause of
physical disability (12). In Brazil, the distribution
and clinical characteristics of MS have not been
established. However, recent studies suggest rates
of 15 cases/100,000 in habitants in the south and
southeast regions (13 - 16).

The factors that influence the appearance of this
pathology have not been fully clarified. Nevertheless,
the most accepted pathogenic hypothesis is that MS is
mediated by genetic predisposition, associated with
an unknown environmental factor. When they meet,
a dysfunction is triggered in the immune system. The
predominant pathological characteristic in MS is the
presence of focal demyelinating lesions, including
axonal damage and loss of oligodendrocytes (4, 6,7, 9).

The MS is usually heterogeneous and tends
to evolve through relapsing-remitting episodes,
resulting in distinct clinical forms, depending on the
location of the lesions (9). The progressive character,
the variability of location, the volume of lesions and
the sequence of appearance, can trigger numerous
clinical signs and symptoms that compromise
functional activities (17) and postural control
mechanisms in MS patients (18 - 20).

Postural controlis the resultof complexinteractions
between the musculoskeletal and neuromuscular
systems, including sensory components such as
vision, proprioceptive and vestibular system (21).In
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MS patients, the measurement of center of pressure
(COP) displacement, showed changes in postural
control of newly diagnosed individuals that had not
reported postural instability (22).

Considering the evidence that ROS may contribute
to various mechanisms underlying MS lesions and
frequent observations of impaired postural control
in these subjects, this study aimed to evaluate the
DNA damage index (DDI) and postural control in MS
patients compared with healthy controls. Moreover,
check whether there is a relationship between DDI
and postural control parameters.

Methods

This case-control study was carried out with MS
patients, members of an association of MS patients.
An anamnesis was performed to characterize the
subjects and possible bias factors of the study
(clinical history, use of physical or chemical therapy
and smoking). Fourteen MS patients were included
in the study. After the MS group had been formed, 14
healthy subjects were selected. They were matched
for age, gender and body mass index (BMI) with the
group of MS subjects. Members of the control group
were recruited by announcements in newspapers
and social media. A total of 28 subjects (20 male
and 8 female, ranging 20 to 60 years, M = 24.15
SD = 2.14) participated in the study. All subjects
were volunteers. None had history of smoking or
associated diseases. Everyone was able to remain
standing, for at least one minute, without the use
of assistive devices. The procedures were approved
in its ethical and methodological aspects in Opinion
No.23081.009954 / 2009-77. All subjects signed an
informed consent form.

DNA damage was detected by the alkaline
version of the comet assay, performed as described
by Singh et al. (23) in accordance with the general
guidelines (24 - 26). The collection of the comet assay
was performed using 5 ml of peripheral blood, by
venipuncture, using disposable plastic syringes.

The samples were transferred into tubes
with EDTA (ethylenediaminetetraacetic acid)
anticoagulant, stored in the dark and protected from
heat. Time between collection and processing of the
samples did not exceed four hours. All samples were
processed in triplicate. Were randomly selected 100
cell images, of each blade. The images were analyzed

by two double-blind evaluators, using a binocular
optical microscope (400x magnification).

The visual classification of morphological aspects of
cells into five categories (0 - 4), as suggested by Collins
etal. (25), was based on the migration of nuclear DNA
fragments. Category 0 included cells with spherical
nucleus and no apparent tail (undamaged cells), while
small-headed, long-tailed and diffuse cells were included
in category 4. The remaining cells were classified
according to intermediate features. Thus, given the
number of cells in each category, DNA damage index
(DDI) was calculated in arbitrary units (au), considering
the sum of all cells counted (100) and classified into
categories 0, 1, 2, 3 and 4. Thus, DDI can vary from zero
(no damage) to 400 (all cells at maximum damage).

Postural control was evaluated by stabilometry,
usingrecords of center of pressure (COP) displacement
of the subjects in quiet standing posture, standing on
an OR6-7 AMTI force platform (Advanced Mechanical
Technologies, Inc.), at a sampling frequency of 100
Hz. During data collection, the subjects remained
barefoot in bipedal quiet standing position with feet
hip-width apart. A fixed target was arranged at eye
level and one meter away for visual reference. Each
subject performed three 30-second trials.

The data collected in the system were processed
through the Software Matlab 7.3 (Matrix Laboratory -
Mathworks Inc., EUA). The following COP parameters
were considered for analysis of postural control:
1) amplitude of anteroposterior displacement
(COPap) - distance between maximum and minimum
COP displacement in the anteroposterior direction
and 2) amplitude of medial-lateral displacement
(COPml) - distance between maximum and minimum
COP displacement in the medial-lateral direction.

Statistical analyses were conducted using software
SPSS, version 17.0. The Kolmogorof-Smirnoff test
ruled out the hypothesis of normal distribution of
data. The comparison of groups was performed using
the Mann-Whitney test. An additional analysis was
conducted only for the MS group, using the Spearman
test for correlation between COPap and COPml
values and age, time since diagnosis and DDI. In all
comparisons, the confidence level was set at 95%.

Results

The characteristics of subjects with MS and
healthy controls are shown in Table 1.
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Table 1 - Profile of subjects

MS Control p-value
Age (years)
Mean 41.14 39.80 0.40
DP 0.1 5.14
Gender
Male 10 10 1.00
Female
Body Mass Index (kg/m?)
Mean 24.05 23.8 0.58
DP 2.42 1.87

All subjects in the MS group were experiencing
clinical remission of the disease (absence of
outbreaks for at least 30 days prior to data collection),
were receiving immunosuppressive therapy and
participated in weekly physiotherapy sessions.
Time since diagnosis of MS was 7.28 + 7.41 years
(minimum of three and maximum of 24 years). The
number of outbreaks occurring since diagnosis was
not available.

Figure 1 shows the results of the comparative
analysis between the groups for DNA damage
index (DDI).

Damage Index

*%

Figure 1- DNA damage index in control and MS group.
Note: *p < 0.05 Mann-Whitney Test.

The analysis of DDI indicated significant
differences between groups (p = 0.0001). The control
group had a DDI of 7.9 + 6.1 while the MS group
showed a DDI of 21.3 + 4.8.

Figure 2 shows the evaluation of subjects' postural
control in quiet standing posture.
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Figure 2 - COP displacement in the control and multiple scle-
rosis groups.
Note: *p<0.05 Mann-Whitney Test.

The MS group had larger sway amplitudes in both
planes of motion, with average values of 2.65 + 0.71
cm for COP while the healthy controls had a mean of
1.83 £ 0.45 cm (p = 0.03). For COPml, there was an
average of 1.75 + 1.01 cm for the MS group and 1.07
+ 0.41 cm for the healthy controls (p = 0.001).

An analysis with the MS group only correlated
COP amplitudes with age, time since diagnosis of MS
and DDI. The results of these comparisons showed
weak, but significant correlations between DDI and
COPap (r=0.33p=0.02) and DDl and COPml (r=0.31
p =0.04). The other associations considered did not
show significant correlations.

Discussion

This study aimed to evaluate the DDI and postural
control parameters of MS patients compared with
healthy control and observe whether, in MS patients,
adjacent variables such as age, gender, duration of
disease progression and control postural parameters
are associated with DNA damage index.

The results indicated that MS patients have higher
DDI than healthy controls. When considering only
the MS group, weak but significant correlations were
found between DDI and postural control parameters.

DNA damage can be induced by several physical
and chemical agents in the environment, as well as by
compounds produced by cellular metabolism (2, 3).
There is evidence that DNA damage resulting from
excessive accumulation of ROS, often referred
to as free radicals, contribute to various clinical
conditions (3, 26). Although it is not yet clear
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how oxidative stress influences the etiology of
neurodegenerative diseases, some studies suggest
that increased ROS production is involved in the
pathogenesis of diseases such as Parkinson's and
Alzheimer's (5, 27 - 29).

Little is known about the types of cells affected by
ROS, in MS patients. However, compared with healthy
controls, studies have shown increased activity of
ROS and/or deficiencies in important antioxidant
enzymes (8). Some studies have shown that ROS
may contribute to various mechanisms underlying
MS lesions (4, 6, 7). These tests suggest that ROS
produced in monocyte-endothelial interactions,
trigger changes in the cytoskeleton, and cause loss
of blood-brain barrier integrity and subsequent
extravasation of leukocytes into the CNS (6). In
addition, infiltrating leukocytes can produce large
amounts of ROS that induce myelin phagocytosis
and macrophage breakdown (4, 7), oligodendroglial
damage (6) and neuronal and axonal injury (7).
Together, these implications trigger a series of
characteristic neurological symptoms and signs of
MS that compromise functional activities of subjects
affected by this pathogenesis.

Changes in postural control mechanisms are
frequent manifestations of dysfunctions observed
in MS patients (17 - 20, 22). When compared to the
control group, subjects with MS showed higher body
sways in both planes of motion. A similar observation
was described in a study (19) evaluating postural
control of women with MS in different evaluation
conditions, including the quasi-static standing
position. The authors observed higher body sways
for people with MS compared with healthy controls.

The association between postural balance and
oxidative metabolism indicators was investigated in
a study with seven subjects that had the Machado-
Joseph disease (30). The study evaluated DNA
damage using the comet assay and the postural
balance by dynamic posturography through six
sensory organization tests. Moderate and significant
correlations were observed between DNA damage
index and two of the tests investigated. The
results showed that worsened performance of the
organization of sensory tests were associated with
increased DNA damage.

Postural control is the result of complex
interactions between the musculoskeletal and

neuromuscular systems, including sensory
components such as vision and the proprioceptive
and vestibular systems (21), and the extent of cells
that can be affected by ROS is not known yet (8, 29).
For this reason, this study attempted to establish a
relationship between postural control parameters
and DNA damage index observed in MS patients. The
findings suggest that higher postural sway, in both
anteroposterior as medial-lateral directions, may be
associated with higher DDI. The correlations observed
in this study were significant and weak. A hypothesis
is that weak correlations were influenced by sample
size (14 MS subjects).

Conclusion

The study evaluated DNA damage using the
comet assay and the postural balance by dynamic
posturography through six sensory organization tests.
Moderate and significant correlations were observed
between DDI and two of the tests investigated. The
results showed that worsened performance of the
organization of sensory tests were associated with
increased DNA damage.
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