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Abstract
Background: Previous studies have shown an increased risk of cardiovascular diseases in patients with psoriasis. It has also been known that abnormal levels of
microRNA (miRNA) contribute to the pathogenesis of psoriasis and its comorbidities. Moreover, single nucleotide polymorphisms (SNPs) within miRNA genes or
3’UTR of the miRNA target genes can alter gene expression and thus contribute to the pathogenesis of the disease.
Objectives: Assess SNP rs1048261 within the 3’UTR of HSPB7 in a large cohort (n=558) of psoriatic patients of Central European Caucasian origin and evaluate
its possible role in the increased risk of cardiovascular disease (CVD) in psoriasis patients.
Methods: This study included 558 patients diagnosed with psoriasis; 30% of the patients had a personal history of CVD. In silico analysis was used to determine
a candidate SNP which is associated with a potential impairment of miRNA-mediated translational regulation. The chosen SNP rs1048261 was genotyped using
PCR-RFLP and all statistical analyses were performed using statistical software R.
Results: Possible interactions of the genotype and personal history of CVD were tested, but no significant association was found. Subsequently, the clinical subtypes
of psoriasis (plaque psoriasis, pustular psoriasis and guttate psoriasis) as well as age at psoriasis onset were analyzed to associate the genotype with CVD, but neither
association was found to be statistically significant. Finally, the logistic regression model was created to test any possible associations with the personal history of
CVD, but all results were inconclusive.
Conclusions: Although our study did not provide any significant association of the SNP rs1048261 with cardiovascular morbidity, we suggest investigating this
polymorphism in a cohort of patients with properly diagnosed cardiovascular diseases independently of psoriasis. Also, the validation of miRNA-mRNA interaction
and SNP rs1048261 involvement needs to be studied.

Introduction
Psoriasis is a chronic inflammatory skin disease with an estimated
prevalence of approximately 3% in the Caucasian population [1]. The
disease is characterized by well-defined red scaly plaques which appear
on the skin as a result of abnormal proliferation and differentiation of
keratinocytes and inflammation [2]. Apart from the skin manifestation,
psoriasis is a complex disease and is therefore associated with a variety
of comorbidities, e.g. psoriatic arthritis, diabetes mellitus, obesity,
hypertension [3] and – most importantly – with an increased risk of
cardiovascular disease [4-8].
A common feature in inflammatory pathways, including
inflammation in psoriasis, is the generation of oxidative stress and
the production of reactive oxygen species (ROS) which may cause
oxidative damage to lipids and proteins in cells [9]. However, cells are
protected by evolutionary conserved defense and repair mechanisms
to neutralize these damages. Any imbalance in these mechanisms may
therefore increase the amount of ROS or unrepaired damage in cells
and thus lead to a pathological state of a disease. Such a defect may be
considered as a risk factor of CVD in psoriasis [10-11].
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One of the cellular defense responses to oxidative damage is an
induced expression of heat shock proteins (Hsp) which are able to
repair denatured proteins and promote their degradation [12]. In
this study we focused on a cardiac specific member of the small Hsp
family, HSPB7. HSPB7, also known as cvHsp [13], is characterized by
its relatively smaller molecular weight 18,6 kDa and a highly conserved
α-crystallin domain, which is important for its chaperon-like activity
[14,15]. This abundant protein is selectively expressed in myocardial
muscle cells, but it was also found to be expressed at lower levels in
skeletal muscle and adipose tissue [13]. Its molecular architecture
displays properties of the small Hsp family and seems to be importantly
implicated in cardiac stress response [16]. Although its biological
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function is not yet clear, HSPB7 seems to have a protective function,
preventing the misfolding or refolding of denatured cytoskeletal
proteins under acute stress during myocardial infarction. However,
high levels of HSPB7 are associated with an increased risk of acute
coronary syndrome [17].

and a careful description of family and personal history of psoriasis and
cardiovascular diseases was documented. All patients were classified
into three clinical subtypes (plaque psoriasis n=428; pustular psoriasis
n=22; guttate psoriasis n=106) according to phenotype based on criteria
defined by Griffiths et al. [26]. 30% of all patients suffered from CVD.

MicroRNAs (miRNAs) are small ~21nt long molecules of
non-coding RNA that can regulate gene expression at the posttranscriptional level by imperfect base-pairing to the 3’UTR of the target
mRNA [18]. For the target recognition and regulation, the sequence of
a miRNA defined as the first 2-8nt counting from the beginning of the
5’ end toward the 3’ end seems to be important [19]. Recent research
has indicated the involvement of MiRNAs in the pathology of various
diseases including psoriasis [20,21] and cardiovascular diseases [22,23].
However, not only changes in miRNA expression are associated with
disease pathologies. Recent studies have shown that SNPs within the
seed region or target sequence in the 3’UTR of the target gene can
create, disturb or alter miRNA-target interactions which may lead to
a disruption of its biological function, thus affecting the development
and phenotype of many diseases [24,25].

The study was approved by the Ethics Committee of Medical
Experiments on Human Subjects of Masaryk University, Brno, Czech
Republic and was performed in accordance with the ethical standards
of the Helsinki Declaration guidelines. All participants provided
written informed consent which was subsequently archived.

In this study we aimed to identify whether the SNP rs1048261
within the 3’UTR of HSPB7, which may disrupt the mechanism of
miRNAs’ regulation of HSPB7 expression, is associated with the
increased cardiovascular morbidity in patients with psoriasis.

Materials and methods
Subjects
The cohort of psoriasis patients (n=558; sex ratio M/F=244/314;
mean age 49.7 ± 16.4; mean age at psoriasis onset 26.9 ± 15.9) was
collected at the First Department of Dermatology, St. Anne’s University
Hospital, Brno, Czech Republic. All participating patients were of
Caucasian origin. Individuals were clinically diagnosed with psoriasis

Bioinformatics
Databases MirSNP [27] and miRNASNP2 [24] were searched for
possible miRNA-related SNPs within HSPB7 (last accessed March 16,
2016).
The query results were then filtered to meet the following
conditions:

-

minor allele frequency (MAF) higher than 5%

average expression of associated miRNA of at least 10 reads
per million (RPM)
SNP in the genome-wide association study (GWAS) linkage
disequilibrium (LD) region
Only rs1048261 SNP met the listed conditions and was then
analyzed in a large cohort of Central European patients with psoriasis
as a possible risk factor of CVD. Information about rs1048261 SNP and
associated miRNAs is listed in Figure 1.

Genotyping
Analyzed genomic DNA was extracted from peripheral blood

*miRNA average expression (RPM) / data source: miRNASNP2 database
Figure 1. rs1048261 SNP characteristics and associated miRNAs/SNP interactions.
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Relationship between two categorical variables

using a standard technique with Proteinase K. The rs1048261 in
3’UTR of HSPB7 was detected by using polymerase chain reaction and
restriction fragment length polymorphism (PCR-RFLP) analysis. The
amplified fragment of 219 bp was generated by using the following
primers: forward 5’-GTGCTGTGCTTTGTCACTGA-3’ and reverse
5’-CCAGGGTTAAGGCTGATGGA-3’. PCR was performed using
0.1 µg of genomic DNA as a template under the following conditions:
denaturation process for 10 min at 95°C; 32 cycles of denaturation
for 30s at 95°C, annealing for 20s at 60°C and extension for 30s at
72°C; and final extension step for 5 min at 72°C, followed by a cooling
process to 15°C. The PCR product (10 µl) was then digested for RFLP
analysis using 3 units of the restriction enzyme PvuII with Buffer G.
The digestion was performed for 12 hours at 37°C and the products
were then separated on 4% agarose gel stained with ethidium bromide.
Fragment length was 140-79 bp in the case of the A allele, and 50-90-79
bp in the case of the T allele (alleles are reported in forward orientation
to the genome).

Analyses of possible relationships of categorical variables (genotype,
sex, clinical subtypes of psoriasis and personal history of CVD) were
performed using Pearson’s c2 test. While the rs1048261 genotypes were
significantly associated with gender (p=0.05), Cramér’s V (V=0.107),
however, suggests a rather weaker effect. A statistically significant
association (p=0.004) was found between the clinical subtypes of
psoriasis and CVD, but Cramér’s V (V=0.141) also suggests a rather
weaker degree of association between these two variables.

Intergroup comparisons
The intergroup comparisons did not reveal significant differences
between the clinical subtypes of the disease and/or cardiovascular
comorbidity with respect to the distribution of the rs1048261 genotypes
(p=NS). The only observed associations between cardiovascular
comorbidity and clinical subtype of the disease were related to the
age of disease onset and age at recruitment (p<0.001 and p<0.001,
respectively).

Statistics
Statistical software R (version 3.2.1) was used to perform all
statistical analyses. Continuous variables were expressed as mean ±
SD and categorical variables as percentages. The asymptotic Pearson’s
χ2 and Fisher’s exact test was used to test the Hardy–Weinberg
equilibrium. The relationship between categorical variables was tested
by Pearson’s χ2 test of independence. A non-parametric Kruskal‑Wallis
test was used for intergroup comparisons while the Wilcoxon rank sum
test with Benjamini and Hochberg p-value adjustments was used for
pairwise comparisons where appropriate. A logistic regression model
was created with personal CVD history as a dependent variable and
HSPB7 genotypes, sex, age at psoriasis onset and clinical subtypes of
psoriasis as independent variables. This model was then reduced by
backward stepwise regression based on Akaike information criteria
(AIC).

For further analysis, a logistic regression model was created with
personal CVD history as a dependent variable and genotypes, sex,
clinical subtypes of psoriasis and age of psoriasis onset as independent
variables. The model was then reduced using backward stepwise
regression based on AIC. A likelihood-ratio test was used to compare
the goodness of fit of these two models and no statistical difference was
found. The final model indicated that only clinical subtypes of psoriasis
and the age of psoriasis onset are statistically significant. Neither
the full nor the reduced models confirmed a significant association
between genotypes of rs1048261 and the occurrence of CVD in patients
with psoriasis. In the logistic regression modeling, no predictive role
of rs1048261 genetic variability for CVD in psoriasis patients was
confirmed.

Results

Discussion

Logistic regression model for personal history of CVD

While it seems crucial to study the etiopathogenesis of the skin
hallmarks of psoriasis and test appropriate treatment, less attention
is given to the comorbidities of psoriasis. It is important to note
that patients with psoriasis exhibit a 25% increase in relative risk of
CVD independently of confounding factors, i.e. smoking, obesity,
dyslipidemia hypertension and diabetes [4]. Nevertheless, to date, very
little is known about the underlying mechanisms which would explain
the higher prevalence of CVD in psoriasis. In this study we investigated
the rs1048261 SNP within the 3’UTR of HSPB7 as an independent
risk factor for CVD in psoriasis. The SNP within 3’UTR suggests the

Basic characteristics of the study subjects are provided in Table 1.

Genotype distribution of the rs1048261 SNP in HSPB7
Observed genotype frequencies of the rs1048261 SNP in HSPB7
were in agreement with the Hardy–Weinberg equilibrium (p=0.971).
The frequencies of the AA, AT and TT genotypes for the rs1048261
SNP were 10.0%, 43.2% and 46.8%. Allele frequencies were 31.6% for
the A allele and 68.4% for the T allele. No statistical differences were
found in genotype distribution between genders.
Table 1. Basic characteristics of study subjects.
Men
AA

Women

AT

TT

no data

AA

AT

TT

Overall
no data

No CVD history

87

65

12

10

93

84

24

15

390

Plaque psoriasis

64

46

9

8

68

59

19

13

286

1

3

4

3

1

22

21

5

2

90

Pustular psoriasis

2

4

Guttate psoriasis

21

15

14

CVD positive history

31

30

4

5

32

45

12

9

168

Plaque psoriasis

26

25

3

5

27

37

10

9

142

1

Pustular psoriasis

1

3

Guttate psoriasis

4

2

118

95

Overall
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16

15

1

2

4

6

2

8

125

129

36

18
24

558
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possible involvement of the deregulated mechanism of miRNA posttranscriptional gene regulation which might be impaired with the SNP.
This impairment would affect the protein levels of cardiac specific
HSPB7 in cells and thus contribute to increased CVD morbidity
in patients with psoriasis. We therefore investigated the possible
association of the SNP rs1048261 in a large cohort of psoriasis patients
(n=558) where 30% of the patients had a personal history of CVD.
When we hypothesis the possible link between psoriasis and the risk
of CVD, we focused on the main contributors to psoriasis pathogenesis
which is the chronic inflammation and production of oxidative stress.
Although both processes are closely related in pathogenesis of psoriasis,
oxidative stress is responsible for cellular damages and modifications of
proteins, lipoproteins and lipids. These damages may then significantly
contribute the development of CVD [10,29,30]. Even though cells
are equipped with variety of defense mechanisms, an impairment
of such mechanism may be considered as a risk factor for CVD.
One of the candidate genes with a possible role in this impairment
was HSPB7, the cardiac-specific Hsp with an increase expression in
response to oxidative stress [31,32]. For example, significantly elevated
concentration of HSPB7 was detected in plasma of patients with acute
chest pain in association with acute coronary syndrome [17].
Not only elevated protein concentration but also genetic variability
within HSPB7 was previously observed in association with both
ischemic and nonischemic cardiomyopathies [33,34]. Another
study described SNP rs1739843 in HSPB7 in association with dilated
cardiomyopathy, a structural heart disease [35]. Similarly, Villard
et al. [36] in extensive GWAS of idiopathic dilated cardiomyopathy
identified SNPs associated with this pathology. This was the first and
only study, until now, to mention the SNP rs1048261 in association
with CVD [36]. This pathological heart condition was also observed
with an increased prevalence in psoriasis patients [37]. The GWAS
associated the minor allele (A) of rs1048261 SNP with a reduced risk of
dilated cardiomyopathy [36].
In the in silico analysis of the SNP rs1048261, several predictions
of the possible effects on miRNA-mRNA interaction were found. The
databases (MirSNP, miRNASNP2) we used for this analysis mostly
predicted a loss of the binding site in the case of the major allele T.
Because the SNP is entered in the SNP database in a forward orientation
to the genome and the coding sequence of HSPB7 is in the opposite
direction, the actual breakage of the binding site is associated with the
complementary base A in the mRNA of HSPB7. The SNP change may
thus modify miRNA binding to HSPB7 mRNA, thereby influencing the
efficiency of miRNA-mediated translational inhibition of HSPB7.
Although our results did not show any association of the SNP
rs104261 genotypes with CVD in our cohort of psoriasis patients in
none of the analyzed variables, i.e. gender, clinical subtypes of psoriasis,
age at psoriasis onset; we still may discuss the possible effect of the SNP
and associated miRNAs. Due to the fact that miRNAs have a pleiotropic
character and are thus able to regulate the expression of multiple
target genes, we may observe several pathways in which the miRNA
could contribute to disease pathology. Therefore, when searching
PubMed for the candidate miRNAs in association with cardiovascular
morbidity and/or oxidative stress, several associations were found for
each of them. However, only miR-15a and miR-195 were observed
with a cardiovascular event frequent in psoriasis patients. MiR15a was found to be downregulated in patients with acute coronary
syndrome [38], whereas acute coronary syndrome belongs among the
major cardiovascular events affecting psoriasis patients [39]. MiR-195
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was observed as overexpressed in cardiomyocytes with an increased
production of ROS and induced apoptosis. The downregulation of
miR-195 decreased ROS production and apoptosis in palmitatestimulated cardiomyocytes. Sirt1, which exerts an inhibitory effect on
apoptosis, was identified as a direct target [40].
The observed deregulation of these miRNAs can itself contribute
to disease pathology and for this reason even small changes in this
well-balanced mechanism can be crucial. In our case, the loss of
bind site with the major allele T would cause an overexpression of
HSPB7 which is observed in patients with acute chest pain [17]. On
the other hand, the minor allele A would be associated with standard
regulation of gene expression, which may or may not be in accordance
with the GWAS study suggesting the protective character of minor
allel [36]. The structural and functional character of HSPB7 suggests
that overexpression could be beneficial during the cardiovascular
event. Contrarily, while the standard regulation can ensure the proper
regulation process, the standard version of regulation may also be
involved in binding of deregulated miRNAs which may significantly
change the expression of HSPB7.
Additionally to used miRNA/SNP databases, the miRdSNP
database (http://mirdsnp.ccr.buffalo.edu/; accessed March 16, 2016)
associates rs1048261 with two more miRNAs (miR-874, miR-143)
which bind to the 3’UTR downstream from the SNP location. Both
miRNA binding sites are experimentally validated and the database
suggests a possible effect of the SNP rs1048261 on the regulation
function of both miRNAs.
The main strength of the study is the large number of patients
included in the cohort, all originating from a Central European
Caucasian population. However, psoriasis development and the clinical
course of the disease are both influenced by a substantial number of
confounding factors, including socio-economic factors which were not
investigated in this study and thus represent a possible limitation. Also,
more information on the actual functional impact of the investigated
polymorphism is necessary.
Even though our study did not find any association of the SNP
rs1048261 genotype with CVD in patients with psoriasis, we believe
that this polymorphism should be studied independently in other
studies which would focus on a specific, properly diagnosed CVD.
Likewise, an experimental validation of the candidate miRNAs binding
with the mRNA of HSPB7 would be appreciated.
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