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SUMMARY

Background: The role of sirtuins as a pathogenetic element of some mental disorders is becoming increasingly more common.
They participate in many cellular processes, such as ageing, transcription, apoptosis, inflammatory processes, post-translational
modification of proteins, gene transcription silencing, activation of DNA repair mechanisms, and regulation of many metabolic
processes. The aim of this paper is to verify the statistical hypothesis assuming the difference in expression at the level of mRNA in
genes for sirtuins 1-7 between patients with recurrent depressive disorders (rDD) and patients from the control group, and the
hypothesis assuming the relation between the expression at the level of mRNA for these genes and clinical variables in the course of
recurrent depressive disorders.

Subjects and methods: A total of 198 individuals took part in the study (rDD gropup, N=99; control group, N=99).

Results: SIR-1 and SIR-6 expression at the mRNA level was significantly higher among the people with ¥rDD as compared to the
subjects from the control group. A reversed relationship was observed for SIR-2, SIR-3, SIR-4 and SIR-5. Statistically significant
correlations were observed only in the case of SIR-1 and the number of depression episodes (negative relationship), as well as SIR-5
and the severity of depression measured by the Hamilton Depression Rating Scale (positive relationship).

Conclusions: Expression at the mRNA level for selected sirtuins is a factor that significantly differentiates people with
depressive episodes from healthy ones. SIR-1 and SIR-6 expression at the mRNA level was significantly higher among the people
with depression as compared to the subjects from the control group. A reversed relationship (also statistically significant) was

observed for SIR-2, SIR-3, SIR-4 and SIR-5.
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INTRODUCTION

In recent years, scientific studies attempting to
explain the aetiology of recurrent depressive disorders
(RDD) have increasingly referred to the role that epi-
genetic mechanisms (modification of histones, DNA
methylation, or gene expression changes) can play in
this phenomenon (Binder 2018, Matosin et al. 2018).
These mechanisms, by integrating genetic and environ-
mental factors, play an important role in the inheritance
of neurobehavioural patterns and personality traits. This
is done by preparing our bodies to cope with the rapidly
changing environment. Epigenetic mechanisms, increa-
sing the chances of species survival by significantly
shortening the time needed to pass on acquired skills to
future generations, in case of environmental conditions
that are changing too fast may, paradoxically, cause a lot
of damage (Saavedra-Rodriguez & Feig 2013).

Sir proteins (silent information regulators, sirtuins,
SIRT1-SIRT7, SIR1-SIR7) belong to NAD+-depen-
dent deacetylases — enzymes taking part in a catalytic
reaction of deacetylation, i.e. splitting the rest of acetic

acid from protein substrates (Siedlecka & Bogustawski
2005, Rowlands et al. 2015). Sirtuins play an impor-
tant role in the course of many cellular processes, in-
cluding transcription, apoptosis, inflammatory pro-
cesses, post-translational protein modification, gene
transcription silencing, activation of DNA repair mecha-
nisms, and regulation of intracellular metabolic pro-
cesses (Kumar et al. 2014, Jegsko et al. 2017), which is
why they are involved in the process of ageing and
regulating cell life expectancy (Carafa et al. 2016, de
Lucia et al. 2017). Their links to cancer (Coppola et al.
2017), neurodegenerative diseases (e.g. Alzheimer’s
disease, AD) (Scuderi et al. 2014), Huntington’s cho-
rea (Quinti et al. 2016), chronic inflammatory diseases,
cardiovascular diseases (D'Onofrio et al. 2018) and
mental disorders (Alageel et al. 2018) (including bipolar
affective disease (Nivoli et al. 2016)) have been demon-
strated in recent years. Sirtuins 1, 2 and 3 may also be
responsible for the co-occurrence of mental disorders
and metabolic diseases (Alageel et al. 2018). The types,
locations and effects of individual sirtuins occurring in
the human body are presented in Table 1.
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To date, few reports have been published showing
the relationship between the expression of sirtuins in
patients’ bodies and the incidence of mental diseases,
including depressive disorders. The aim of this paper is
to verify the statistical hypothesis assuming the
difference in expression at the mRNA level in genes for
sirtuin 1, 2, 3, 4, 5, 6, 7 between patients with recurrent
depressive disorders and patients from the control group
(i), and the hypothesis assuming the relation between
the expression at the level of protein for these genes and
clinical variables in the course of recurrent depressive
disorders (ii).

SUBJECTS AND METHODS

Subjects

A total of 198 individuals took part in the study. The
subjects were divided into two groups: group A (experi-
mental group, N=99) and group B (control group,
N=99). All the subjects were native Poles from central
Poland, not related to one another.

The selection of the people for the examined groups
was performed at random based on a draw. The res-
pondents made a decision to participate in the study
after they had been informed of the purpose and ensured
that their participation was voluntary, and the personal
details and results of the tests conducted would not be
distributed, but used only and exclusively in general
comparisons. Each patient gave written consent to parti-
cipate in the experiment in accordance with the report
approved by the Bioethics Committee of the Medical
University of Lodz (approval no.: RNN/99/16KE of 19
April 2016).

Group A (experimental)

The experimental group (recurrent depressive dis-
orders, RDD) consisted of 99 patients hospitalized with
the diagnosis of a depressive episode or recurrent de-
pressive disorders at the Department of Adult Psychiatry
of the Medical University of Lodz, Poland.

Patients were qualified for the experimental group
on the basis of the diagnostic criteria included in ICD-
10, i.e. for depressive episode (F32) and recurrent
depressive disorders (F33.0-F33.8) (ICD-10 2015). All
the patients took part in the study during hospitalization.
All patients were taking selective serotonin reuptake
inhibitors (SSRIs).

The experimental group included persons hospita-
lized psychiatrically for the first time and not treated
earlier due to depressive disorders, as well as persons
treated pharmacologically for many years, admitted to
the unit in order to modify their therapy or due to
deterioration of their health condition (another affective
episode). The exclusion criterion was the presence of
axis I and II disorders, other than depressive episodes,
as well as chronic somatic diseases. Other exclusion
criteria included cancer, major neurological diseases and
severe and chronic inflammatory diseases. In all cases,
data on the course of the disease were collected using

the Composite International Diagnostic Interview (CIDI)
(Kessler & Ustiin 2004). Medical data on the course of
the disease were obtained directly from patients, from
attending physicians and from medical records (with
patients’ consent).

Group B (control)

The control group (CG) consisted of 99 healthy
people with negative family history of mental diseases.
The assessment of mental health in this case was also
based on CIDI criteria (Kessler & Ustiin 2004). People
with axis I and axis II disorders were excluded from
participation in the study. As in the experimental group,
the exclusion criteria were neurological, neoplastic and
inflammatory diseases.

Methods

Assessment of intensification of recurrent
depressive disorder symptoms

The Hamilton Depression Rating Scale (HDRS,
HAM-D) was used to evaluate the dynamics of recur-
rent depressive disorder symptoms intensification (Ha-
milton 1960). A scoring system developed by Demyt-
tenaere and De Fruyt (2003) was applied when ana-
lysing the intensity of depressive episode symptoms.
Furthermore, the CIDI questionnaire (version 3.0) was
used in the experiment. This tool is based on the diag-
nostic criteria of the ICD-10 and DSM-V classifi-
cations, and is recommended by WHO and WMH for
epidemiological studies in psychiatry. It enables the
estimation of mental disorders dissemination and the
evaluation of their advancement and subjective burden
of the disease (Kessler & Ustiin 2004).

In each case, an evaluation of the mental state and
assessment of the severity of depressive disorders were
conducted by the same person, i.e. a psychiatrist. The
CIDI questionnaire was used at the stage of patients
qualification to participate in the study. The examination
with the use of the HDRS scale was performed on the
day of inclusion in the experiment.

Genetic analysis
Total RNA isolation

Total RNA isolation from the patients' blood samples
(leukocyte monolayer cells) using a RNA extraction
reagent, TRIZOL (Invitrogen Life Technologies),
according to the standard acid-guanidinium-phenol-
chlorophorm method was performed usining modified
Chomczynski metod.

Quality analysis of isolated RNA

The quality of total RNA was checked with Agilent
RNA 6000 Nano Kit (Agilent Technologies) in accor-
dance with the manufacturer's recommendations. The
quality of isolated RNA was checked using 2100 Bioana-
lyzer (Agilent Technologies). The level of degradation of
total RNA was determined with the use of an electro-
phoretogram and RIN values recorded. Only the samples
with RIN value >7 were subject to further analysis.
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RT-PCR reverse transcription

An RT reaction was carried out using TagMan®
RNA Reverse Transcription Kit (Applied Biosystems)
based on the manufacturer's recommendations, using
specific delivered by Applied Biosystems.

Real-Time PCR reaction

Real-Time PCR reaction was conducted using
TagMan® Universal PCR Master Mix, No UNG (Ap-
plied Biosystems) according to the protocol provided
by the manufacturer.

Each target probe was amplified in a separate 96-
well plate. All samples were incubated at 50°C for 2
minutes and at 95°C for 10 minutes, and then cycled at
95°C for 30 seconds, at 60°C for 30 seconds and at
72°C for 1 minute; 40 cycles were performed in total.
Fluorescence emission data were captured and mRNA
levels were quantified using the critical threshold (Ct)
value. Analyses were performed with ABI Prism 7000
(SDS Software). Controls without RT and with no
template cDNA were performed with each assay. Rela-
tive gene expression levels were obtained using the
AACt standard 2-AAct calculations and expressed as a
fold change of the control sample. Amplification spe-
cific transcripts were further confirmed by obtaining
melting curve profiles.

Statistical analysis of results

Selected methods of descriptive statistics and
methods of statistical reasoning were used in the
statistical analysis of the collected material. During
statistical verification of the hypotheses, a two-tailed
critical area was assumed.

Appropriate structural indicators, i.e. prevalence of
a given trait expressed in percentage terms, were
applied in the description of qualitative features in the
examined group of affected patients and the control
group. An arithmetic mean (M) was calculated to
describe the value of average quantitative features. The
scope of values (with the minimum and maximum
value determined) as well as standard deviation (SD)
were assumed as measures of dispersion.

The nature of the distribution of all variables was
examined with the Shapiro-Wilk test. The following
non-parametric tests were applied with reference to
non-parametric variables for statistical comparisons
between the examined groups: Pearson’s chi-squared
test (for qualitative variables) and Mann-Whitney U
test in the case of two independent groups (for quan-
titative variables). Spearman’s rank correlation coeffi-
cient was used to evaluate the correlations between the
analysed variables. The materiality level for all the
statistical methods applied was set at p<0.05 (Kirk-
wood & Sterne 2003). All statistical calculations were
conducted using computer software STATISTICA PL,
version 13.1.

RESULTS

The social and demographic characteristics of the
studied groups and the information regarding the course
of the underlying disease, significant from the perspec-
tive of the experiment, are presented in Table 2.

Statistically significant differences between the
examined groups in terms of sex (x*=4.254, p=0.039)
and age of the subjects (in each age group) were
observed.

Table 2. The characteristics of the studied groups in terms of demographic features (N=198) and the course of the

disease (N=99)

N=198 Group A; N=99 Group B; N=99
Women/men - n (%) 143/55 (72.22/27.78) 78/21 (78.79/21.21) 65/34 (65.66 / 34.34)

N % N % N %

Age

<20 years 7 3.54 1 1.01 6 6.06
21-35 years 87 43.94 9 9.09 78 78.79
36-50 years 34 17.17 21 21.21 13 13.13
51-60 years 33 16.67 31 31.31 2.02
> 60 37 18.69 37 37.37 0 0.00

Group A (N=99)
HDRS - M (SD)

M=24.39 (7.08)

Number of depression episodes; M (SD) M= 3.33 (1.69)
Duration of the disease - N (%)

<20 years 2 (2.02)

21-35 years 32 (32.32)

36-50 years 34 (34.34)

51-60 years 19 (19.19)

> 60 years 12 (12.12)

HDRS — Hamilton Depression Rating Scale on the day of inclusion in the study;

Group B — control group; M —mean; SD — standard deviation

350
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Table 3. Mean values, standard deviation, minimum and
maximum values of analysed variables in the examined

group (N=198)

mRNA .

(2-AAct) M (SD) Min. Max.
SIR-1 0.330 (0.299) 0.021 0.938
SIR-2 0.200 (0.162) 0.022 0.603
SIR-3 0.136 (0.090) 0.019 0.343
SIR-4 0.126 (0.090) 0.011 0.337
SIR-5 0.125 (0.083) 0.013 0.301
SIR-6 0.213 (0.153) 0.030 0.514
SIR-7 0.121 (0.079) 0.011 0.367

SIR-1 — sirtuin 1; SIR-2 — sirtuin 2; SIR-3 — sirtuin 3;
SIR-4 — sirtuin 4; SIR-5 — sirtuin 5; SIR-6 — sirtuin 6;
SIR-7 — sirtuin 7;, M - mean; SD - standard deviation;
Min. — minimum value; Max. — maximum value

Table 3 presents mean values, standard deviation,
minimum and maximum values of concentration and
expression on mRNA level for sirtuins 1, 2, 3,4, 5, 6
and 7 in the studied group (N=198). Table 3 includes a
comparison of the analysed variables in patients with

recurrent depressive disorders (N=99) and healthy
individuals (N=99).

Statistically significant differences were observed
between the subjects with recurrent depressive dis-
orders and the control group in terms of the analysed
variables (Table 4). SIR-1 and SIR-6 expression at the
mRNA level was significantly higher among the
people with RDD as compared to the subjects from the
control group. A reversed relationship (also statis-
tically significant) was observed for SIR-2, SIR-3,
SIR-4 and SIR-5.

Correlations

Table 5 presents the results of a correlation analysis
between expression at the mRNA level for the ana-
lysed compounds and clinical exponents of recurrent
depressive disorders.

Statistically significant correlations were observed
only in the case of SIR-1 and the number of depression
episodes (negative relationship), as well as SIR-5 and
the severity of depression measured by the Hamilton
Depression Rating Scale (positive relationship).

Table 4. Comparison of analysed variables in patients with recurrent depressive disorders (N=99) and healthy

individuals (N=99)

mRNA Group A Group B Mann-Whitney U test
(2-AAct) M (SD) Min. Max. M (SD) Min. Max. Z P

SIR-1 0.062 (0.021) 0.021 0.118 0.599 (0.138) 0.103 0.938 -12.1 <0.01*
SIR-2 0.337 (0.112) 0.152 0.603 0.062 (0.044) 0.022 0.370 11.9 <0.01*
SIR-3 0.206 (0.064) 0.096 0.343 0.066 (0.048) 0.019 0.272 11.1 <0.01%*
SIR-4 0.206 (0.056) 0.084 0.337 0.047 (0.022) 0.011 0.124 12.1 <0.01*
SIR-5 0.200 (0.047) 0.067 0.301 0.049 (0.018) 0.013 0.096 12.1 <0.01*
SIR-6 0.073 (0.022) 0.034 0.129 0.353 (0.085) 0.030 0.514 -11.9 <0.01*
SIR-7 0.190 (0.051) 0.087 0.367 0.053 (0.022) 0.011 0.121 12.1 <0.01*

SIR-1 - sirtuin 1; SIR-2 - sirtuin 2; SIR-3 - sirtuin 3; SIR-4 - sirtuin 4; SIR-5 - sirtuin 5; SIR-6 - sirtuin 6; SIR-7 - sirtuin 7;

Group A — experimental group; Group B — control group;
Max. — maximum value; * — p statistically significant, <0.01

M — mean;

SD - standard deviation; Min. — minimum value;

Table 5. Correlation between clinical exponents of depressive disorders and analysed variables (N=99)

Variable R Spearman p
SIR-1 mRNA (2-AAct) number of depression episodes -0.198 0.049*
& HDRS -0.168 0.097
SIR-2 mRNA (2-AAct) number of depression episodes 0.080 0.431
& HDRS -0.085 0.404
SIR-3 mRNA (2-AAct) number of depression episodes 0.036 0.724
& HDRS -0.068 0.504
SIR-4 mRNA (2-AAct) number of depression episodes -0.126 0.215
& HDRS -0.023 0.820
SIR-5 mRNA (2-AAct) number of depression episodes 0.033 0.746
& HDRS 0.214 0.033*
SIR-6 mRNA (2-AAct) number of depression episodes -0.108 0.287
& HDRS 0.129 0.204
SIR-7 mRNA (2-AAct) number of depression episodes -0.036 0.723
& HDRS -0.033 0.744

SIR-1 — sirtuin 1; SIR-2 — sirtuin 2; SIR-3 — sirtuin 3; SIR-4 — sirtuin 4; SIR-5 — sirtuin 5; SIR-6 — sirtuin 6; SIR-7 — sirtuin 7;
HDRS I — Hamilton Depression Rating Scale on the day of inclusion in the study; * p - statistically significant, <0.05
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DISCUSSION

This paper is one of the few publications (compare
Abe et al. (2011)) analysing the expression of selected
sirtuins among people with depressive episodes, and
the only one we found presenting this issue in relation
to the Polish population. The statistical hypotheses for-
mulated by us were partially confirmed in the con-
ducted research. The mRNA level for SIR-1 and SIR-6
was statistically significantly higher in the control
group. In the case of SIR-2, SIR-3, SIR-4, SIR-5 and
SIR-7 a significantly higher concentration at the
mRNA level was observed in the group of patients
with RDD (hypothesis one). The frequency of relapses
was conducive to the reduction of SIR-1 at the mRNA
level, and the intensification of disease symptoms
measured by the HDRS scale was accompanied by an
increase in SIR-5 concentration at the mRNA level
(hypothesis two).

Results consistent with those obtained by us can be
found in literature. In an experiment conducted by Lee
et al. (2018), SIR3 expression at both mRNA and pro-
tein levels was significantly lower in patients with
Alzheimer’s disease (SIR3 prevents, among others,
mitochondrial dysfunctions induced by p53 and neuro-
nal damage). Also SIR 1, mainly responsible for neuro-
protection, and SIR 2, conducive to neurodegeneration,
can play a role in the occurrence of AD symptoms
(Scuderi et al. 2014). Sirtuin 1 is particularly important
in this group of patients, where it has been shown that
it significantly reduces the rate of neurodegenerative
changes occurring in the hippocampus region (Kim et
al. 2007). Interesting research findings were presented
by Nivoli et al. (2016). In the case of the rs10997870
single nucleotide polymorphism (SNP), the GG homo-
zygote for the SIR1 gene was associated with the inten-
sity of psychomotor agitation, anxiety, depression symp-
toms and the risk of committing suicide among patients
with bipolar affective disease (N=180). In AD patients,
this correlation was observed between the severity of
depressive symptoms and SNP rs10410544 for SIR2
(Porcelli et al. 2013). Moreover, the level of SIRI
expression positively correlates with the efficiency of
episodic memory, the speed and efficiency of informa-
tion processing, and the global level of cognitive
performance (Mahady et al. 2018). Interestingly,
sirtuin 1 and 7 level modulation mediates the reduction
of the level of experienced anxiety (Reddy et al. 2016).

The exact mechanism of the influence of individual
sirtuins on the occurrence of mental disorders and
neurodegenerative diseases has not yet been clarified
(Alageel et al. 2018). According to Mendes et al.
(2017) and Bortell et al. (2018), sirtuins 1, 2, 6 and 7
may be of key importance for the regulation of inflam-
matory response. SIRT1 has been shown to suppress
the activity of NF-xb, the main regulator of inflam-
matory cell response. It reduces the production of
COX-2 and iNOS and increases the expression of the
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antioxidant gene, which is also responsible for sup-
pressing inflammation. SIR2 activity involves deace-
tylation of p65 NF-kf subunit and RIP-1, while SIRT6
interacts with p65/RelA, directly related to the NF-«f
promoter region, and suppresses transcriptional acti-
vity. Moreover, recent studies have shown that the lack
of SIRT7 causes an increase in inflammation, which
shows that SIRT7 reduces inflammation (Mendes et al.
2017, Bortell et al. 2018).

Ferland et al. (2013) emphasise that sirtuin activity
contributes to molecular cascade changes and histone
acetylation within the hippocampus in response to
chronic stress stimuli. On the other hand, sirtuin 5 in-
creases permeability of the blood—brain barrier (BBB)
(Diaz-Cafiestro et al. 2018), which may be crucial for
the activation of neuroinflammatory processes. SIR2
deficit (as opposed to sirtuin 3) increases bacterial
phagocytosis by macrophages, reducing the risk of
infection (Ciarlo et al. 2018). Furthermore, according
to Erburu et al. (2017), SIR2 inhibition has an anti-
depressant effect (stimulation of neuroplastic proces-
ses) through its effect on glutamatergic and seroto-
nergic systems in the area of the prefrontal cortex.
Similar results were obtained in the research con-
ducted by Muifioz-Cobo et al. (2017). On the other
hand, SIR7 (Burg et al. 2018) has a protective effect
on the immune system and additionally stimulates
neurogenesis (Burg et al. 2018). The role of sirtuins in
neuroplasticity processes (Abe-Higuchi et al. 2016)
and in neurogenesis is probable, especially in the case
of sirtuin 6 (Okun et al. 2017). Abe-Higuchi et al.
(2016) demonstrated that chronic stress reduces SIR1
expression in the dentate gyrus of the hippocampus,
which increases the probability of occurrence of
depression-like behaviour. Hippocampal activation of
SIR1 increases the phosphorylation level of extracel-
lular protein kinases regulated by signal 1 and 2 under
stressful conditions, while virus activation and inhi-
bition of hippocampal extracellular protein regulation
of kinase 2 leads to antidepressant and prodepressant
behaviour (Abe-Higuchi et al. 2016).

Limitations

= All patients taking part in the study were taking
SSRIs (selective serotonin reuptake inhibitors). Be
aware of the possible effects of pharmacotherapy on
gene expression.

= The limitation of the study may also be the fact that
we used peripheral blood, not cerebrospinal fluid.
For this reason, other factors beyond the mental state
could also have an effect on gene expression.

CONCLUSIONS

Expression at the mRNA level for selected sirtuins is
a factor that significantly differentiates people with
depressive episodes from healthy ones. SIR-1 and SIR-6
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expression at the mRNA level was significantly higher

among the people with depression as compared to the
subjects from the control group. A reversed relationship
(also statistically significant) was observed for SIR-2,
SIR-3, SIR-4 and SIR-5.
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