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Abstract

Psoriasis is an immune-mediated disease, with genetic background and triggering environmental factors; however, several
gaps are still present in understanding the intertwined relationship between these elements. Epigenetic mechanisms, including
microRNAs (miRNAs), play an important role in the pathogenesis of psoriasis. The relationship between interleukin (IL)-
17, a key cytokine in psoriasis, and these epigenetic mechanisms still needs to be elucidated. This study aimed at assessing
the expression of miRNA-155, miRNA-210, and miRNA-20b in skin and sera of psoriasis patients in relation to IL-17
levels. For 20 psoriasis patients and 20 matching controls, the expression of miRNA-155, miRNA-210, and miRNA-20b
was assessed using real-time polymerase chain reaction (RT-PCR), whereas IL-17/IL-17A levels were measured using
quantitative enzyme-linked immunosorbent assay (ELISA) technique. MiRNA-I55 expression was significantly higher
in lesional skin compared to controls (P=0.001). MiRNA-210 expression was significantly higher in both, lesional skin
(P=0.010) and sera of patients (P=0.001) in comparison with controls. A statistically significant positive correlation
was found between serum miRNA-210 expression and serum levels of IL-17/IL-I7A (P=0.010, rs=0.562). MiRNA-
20b lesional and non-lesional expression was significantly higher than controls (P<0.001; P=0.018). In conclusion, the
expression of miRNA-155, miRNA-210, and miRNA-20b is exaggerated in psoriasis and they may be involved in disease
pathogenesis. A possible relationship between miRNA-210 and IL-17 may be suggested; however, further studies are
still needed to verify this relation.
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Introduction an aberrant form of keratinocyte differentiation as
well as an overproduction of pro-inflammatory
cytokines characteristic of the psoriasis phenotype.?
Increased tissue and serum levels of TNF-a is a

Psoriasis, a long-lasting inflammatory cutaneous
disorder, carries a multifaceted etiology that includes
genetic risk factors and environmental triggers.
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hallmark of psoriasis immune dysregulation which
is thought to act as an upstream mediator in the
IL-23/IL-17 pathway, as well as serving as a potent
pro-inflammatory cytokine.?

Epigenetic networks, which include DNA meth-
ylation, chromatin modifications, and microRNA
(miRNA) deregulation, might be causative ele-
ments in psoriasis.** The main pathogenic event in
psoriasis, aberrant keratinocyte differentiation,
was demonstrated to be linked with the epigenetic
state of the basal keratinocytes,®’ and several
recent research findings demonstrated that a dys-
regulated miRNA may be involved in the patho-
genesis of psoriasis.® 10

Several inflammatory mediators are known to
upregulate microRNA-155 (miRNA-155) includ-
ing TNF-o. MiRNA-155 is important for Th17 cell
differentiation and is required for optimum DC
production of cytokines that promotes Th17 cell
formation.!'"!* Accordingly, IL-17/IL-17A produc-
tion was found to be induced by miRNA-155.1*

The hypoxia-induced microRNA-210 (miRNA-
210) is involved in a variety of physiological and
pathological processes.'> Upon normal CD4+ T-cell
upregulation of miRNA-210, several inflammatory
cytokines are induced, relevantly, [IFN-y and 1L-17/
IL-17A.'¢ The latter cytokines have been confirmed
as key cytokines in psoriasis pathogenesis.!’
MiRNA-210 also counteracts the functions of Treg
cell through inhibiting two of its signature suppres-
sive cytokines, namely, IL-10 and TGF-B.1¢

Similarly, microRNA-20b (miRNA-20b) may
also regulate Th17 differentiation. In contrast to
previously discussed miRNAs, overexpression of
miRNA-20b seems to downregulate Th17 differ-
entiation in vitro and in vivo,'® while its inhibition
is associated with a decrease in cytokeratin mark-
ers of keratinocyte early differentiation, namely,
keratin 1 (K1) and keratin 10 (K10)."

This study aimed at assessing the expression of
miRNA-155, miRNA-210, and miRNA-20b in
lesional and non-lesional skin as well as sera of psori-
atic patients, and correlating them with IL-17 levels.

Methods

This case—control study was conducted at the Kasr
ALAIny Psoriasis Unit (KAPU) of the Dermatology
Department, Faculty of Medicine, Cairo University
after approval from the Dermatology Research
Ethical Committee (Derma REC). All participants

were required to sign an informed consent to par-
ticipate in this study before enrollment.

Sample size calculation

Our main outcome variables are the level of
miRNA-155, miRNA-210, and miRNA-20b in
psoriasis patients’ lesional and non-lesional skin,
which were statistically compared by Wilcoxon
signed-rank tests. Since this is the first study to be
conducted on these parameters, a clinically signifi-
cant effect size d=0.7 was assumed, considered to
be a moderate to large effect size as per Cohen’s
1988 criteria. A statistical power analysis was per-
formed for sample size estimation; with a two-
tailed alpha error probability set at 0.05, the
projected sample size needed for the aforemen-
tioned effect size (d=0.7) is approximately N=20
patients to be able to reject the null hypothesis that
this difference is zero with probability (power) 0.8.
For reference to normal skin, an equally sized sam-
ple of healthy controls was selected. The sample
size calculation was done using G*Power 3.1.9.2.

Patients’ group

A total of 20 consecutively recruited adult psoriasis
vulgaris patients of both sexes, not receiving any
relevant systemic or topical treatment for at least
4weeks before initiation of our study, were
recruited. A detailed history was obtained from all
recruited patients.

Clinical assessment was performed using the
extent of disease (%) as measured by the rule of 9,2
as well as the assessment of disease severity using
Psoriasis Area and Severity Index (PASI score).?!??

Five milliliters of venous blood was collected
from each patient in sterile plastic tubes, which
were left 30 min to clot. After separation of serum
samples by centrifugation at 3000 r/min for 15 min,
the sera were stored at —80°C for further analysis.

Two punch biopsies (4 mm) were obtained from
lesional as well as non-lesional skin of all recruited
patients. Each sample was cut into two halves and
stored in empty test tubes at —80°C.

Control group

A total of 20 healthy subjects undergoing abdomi-
noplasty, breast reduction, and brachioplasty opera-
tions were recruited as a control group after signing
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informed consent. Pre-operative blood samples, as
well as skin biopsies from excess skin after surgery,
were obtained. All recruits were above 18years
with no history of chronic dermatological or sys-
temic disease or a history of malnutrition.

Quantitation of IL-17/IL-17A in serum and tissue homogenate
supernatant using enzyme-linked immunosorbent assay. Each
skin biopsy was weighed and homogenized in 300
ul phosphate buffer saline then centrifuged at 4000
xg for 10min. then the supernatant was used for
determination of, IL-17/IL-17A concentrations in
serum and supernatant using Human, IL-17/IL-
17A enzyme-linked immunosorbent assay (ELISA)
kit provided from Quantikine (R&D Systems, Inc.,
Minneapolis, MN, USA).

Fold change of miRNA-155, miRNA-2 10, and miRNA-20b in tis-
sue and serum using real-time polymerase chain reaction. RNA
was extracted from tissue and serum using (Qiagen,
Valencia, CA, USA). RNA samples were subjected
to RNA quantitation and purity assessment using the
NanoDrop® (ND)-1000 spectrophotometer (Nan-
oDrop Technologies, Inc., Wilmington, DE, USA).
Reverse transcription was carried out on extracted
RNA in a final volume of 20-uL RT reactions using
the miScript II RT kit (Qiagen, Valencia, CA, USA).
Quantitative real-time polymerase chain reaction
(qPCR) was used for the detection of mature miR-
NAs. After the PCR cycles, melting curve analyses
were performed to validate the specific generation of
the expected PCR product. As there is no known
control miRNA in serum, SNORD was used as an
endogenous control. The expression level of miR-
155, miR-210, and miR-20b was evaluated using the
ACt method. The cycle threshold (C?) value is the
number of qPCR cycles required for the fluorescent
signal to cross a specified threshold. ACt was calcu-
lated by subtracting the Ct values of SNORD 68
from those of target miRNAs. AACt was calculated
by subtracting the AC? of the control samples from
the ACt of the disease samples. The fold change in
miR-155, miR-210, and miR-20b expression was
calculated by the equation 2"AA®

Statistical methods

Data were statistically described in terms of mean =
standard deviation (=SD), median and range, or fre-
quencies (number of cases) and percentages when
appropriate. A comparison of numerical variables

between the study groups was done using the Mann—
Whitney U test for independent samples. Within-
group comparison of numerical variables was done
using Freidman’s test with the Wilcoxon signed-rank
test for paired (matched) samples as post hoc multi-
ple two-group comparisons after applying Bonferroni
adjustment for multiple comparisons. For comparing
categorical data, chi-square (y?) test was performed.
The exact test was used instead when the expected
frequency is less than 5. Correlation between various
variables was done using the Spearman rank correla-
tion equation for non-normal variables/non-linear
monotonic relation. The r value was used for
Pearson’s correlation coefficient for continuous vari-
ables, while r value was used for Spearman’s correla-
tion coefficient for variables that have been converted
into ranked scores, where one or more of the varia-
bles were not continuous. P values of less than 0.05
were considered statistically significant. All statisti-
cal calculations were done using computer program
SPSS (Statistical Package for the Social Sciences;
SPSS Inc., Chicago, IL, USA) release 15 for
Microsoft Windows (2006).

Results
Clinical data of patients and controls

A total of 20 psoriasis patients (15 males (75%)
and 5 females (25%)), whose ages ranged from 21
to 66 years (mean 41.80 = SD 12.25years) and 20
healthy subjects who served as controls, were
involved in this case—control study. There was no
significant difference between both groups regard-
ing age (P=0.694) and sex (P=0.723) as summa-
rized in Table 1.

Tissue expression of the miRNAs

Fold increase in miRNA-155, miRNA-210, and
miRNA-20b level was significantly higher in
lesional skin than non-lesional and control skin.
Non-lesional miRNA-20b fold increase was also
significantly higher than the control skin (Table 2).

All studied miRNAs showed a significant posi-
tive correlation between their lesional and non-
lesional levels (P <<0.001).

Lesional miRNA-210 positively correlated with
extent of disease (P=0.027, r=0.495) and both its
lesional and non-lesional expression correlated
positively with PASI score (P=0.006, r=0.596 and
P=0.004, r=0.610, respectively).
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A statistically significant positive correlation
was detected between non-lesional expression of
miRNA-20b and PASI score (P=0.011, r=0.588).

Serum expression of miRNAs

All studied miRNA serum levels were higher in
patients compared to controls; however, this increase
was only significant for miRNA-210 (Table 2).

IL-17/IL-17A

Lesional IL-17/IL-17A levels were significantly
higher than non-lesional and control skin, while
non-lesional IL-17/IL-17A was significantly higher

Table I. Clinical characteristics of patient group.

Clinical variable Results
Extent of disease (%)
Range 7-80
Median 30
PASI
Range 5.6-56.8
Median 19
Course (no. %)
Progressive 7 (35%)
Remissions and exacerbations 13 (65%)
Duration (months)
Range 8-360
Mean = SD 122.55 = 106.91
Family history (no. %)
Negative 16 (80%)
Positive 4 (20%)
Hypertension (no. %)
Positive 3 (15%)
Negative 17 (85%)
Diabetes mellitus
Positive 2 (10%)
Negative 18 (90%)

PASI: Psoriasis Area and Severity Index; SD: standard deviation.

Table 2. MiRNA fold change of studied groups.

than control skin. Similarly, the serum IL-17/
IL-17A level was significantly higher in patients
than in controls (Table 3).

Correlation between miRNA-155, miRNA-210,
miRNA-20b, and IL-17/IL-17A in patients

In lesional skin, a statistically significant positive
correlation was detected between miRNA-155 and
miRNA-20b (P=0.020, rs=0.514), whereas in the
serum samples, a statistically significant positive
correlation was detected between miRNA-210 and
serum IL-17/IL-17A (P=0.010, rs=0.562).

Another statistically significant positive correla-
tions were present between lesional miRNA-20b
expression and its serum expression (P=0.046,
rs=0.451) (Figure 1).

Discussion

miRNA regulation of gene expression at the post-
transcriptional level is considered an important
epigenetic mechanism that seems to be involved in
the pathogenesis of psoriasis.” Multiple pieces of
research have revealed the role of Th17 cells as
important regulators of psoriatic skin inflammation
where IL-17/IL-17A induces the production of var-
ious chemokines and cytokines by keratinocytes,
thereby bridging the innate and adaptive immune
systems to sustain a chronic inflammation.?** The
relation between miRNAs and Th 17 cells is occa-
sionally reported in the literature and may be
involved in psoriasis.'*

In this study, our results revealed a significant
fold increase in psoriasis lesional miRNA-155,
210, and 20b. Except for miRNA-20b, these miR-
NAs’ fold increase was not statistically significant
in non-lesional skin. The expression of the exam-
ined miRNAs was significantly higher in lesional

MiRNA Psoriatic skin miRNA fold change Patients serum miRNA fold
change
155 210 20b 155 210 20b
Lesional Non-lesional  Lesional Non-lesional  Lesional Non-lesional
Range 0.8-5 0-2.7 0-11.4 0-6.4 I.1-15.8  0.2-8.1 0.2-1.9 0.5-25.3 0.2-31.5
Median 1.4 0.91 2.30 1.06 3.18 1.36 1.18 4.88 1.95
P value 0.001* 0.001* 0.001* - - -
Controls
0.001* 0.511 0.010* 0.198 0.001* 0.018* 0.050 0.001* 0.056

* significant p value <0.05.
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Table 3. IL-17 levels in patients and controls.

Lesional (pg/g) Non-lesional (pg/g) Serum
Patients
Range 1553-20,829 302-854 20.7-35.1
Median 53574 601.17 248l
Controls
Range 118.1-497.6 10.7-23.7
Median 243.97 17.87
P value <0.001* <0.001*
* significant p value <0.05.
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Figure 1. Correlation between lesional and serum expression
of miRNA-20b in psoriasis patients.

skin compared to non-lesional skin. Moreover, the
serum fold increase of these miRNAs was higher
in patients than controls, but the difference was
only statistically significant for miRNA-210 (Table
2). As expected, lesional, non-lesional, and serum
IL-17/IL-17A levels were significantly higher in
patients when compared to controls (Table 3).

MiRNA-155 is upregulated by TNF-a and is an
important factor for Th17 cell differentiation.'! It
directly inhibiting SOCSI1, a negative regulator of
the JAK/ STAT signaling pathway, thus enhancing
Th17 cell function and differentiation. Accordingly,
IL-17/IL-17A production was found to be induced
by miRNA-155." Moreover, miRNA-155 is
required for optimum DC production of cytokines
that promote Th17 cell formation.'?

In this work, miRNA-155 showed 1.4-fold
upregulation in psoriatic skin, which was in con-
cordance with the studies of Zibert et al.® in which
miRNA-155 showed 1.24-fold elevation, and Xia
and Zhang? in which showed 2.7- fold upregula-
tion in psoriatic skin. Moreover, miR-155 was
reported to be upregulated in dermal mesenchymal
stem cells (MSCs) of psoriasis patients.?® As

described by Xu et al.,!® miRNA-155 expression in
MSCs is induced by inflammatory cytokines IFN-
Y, TNF-a, or IL-1, which are all upregulated in
psoriasis.

Interestingly, miRNA-155 was also shown to
negatively regulate the MSC iNOS expression by
inhibiting its target gene TAB2. iNOS is an inflam-
mation-induced enzyme that plays an important
role in NO synthesis, inflammatory cytokine secre-
tion, and angiogenesis. Inhibition of iNOS expres-
sion in MSCs leads to a decrease in the
immunosuppressive capacity of these cells which
cannot sufficiently suppress the inflammatory
response in psoriatic lesions. !

The increased expression of miRNA-155 in
lesional psoriatic skin in comparison with non-
lesional skin we report here is in concordance with
the finding of Levendorf and Skov?’ of upregulated
miRNA-155 in psoriasis plaque dermal inflamma-
tory cell infiltrates vs normal psoriatic reticular
dermis. On the other hand, although previous inves-
tigators reported an increased miRNA-155 expres-
sion detected in psoriatic patients’ peripheral blood
mononuclear cells (PBMCs) that was correlated with
PASI,?® we did not detect such correlation.

These findings support the role of miRNA-155
in the pathogenesis of psoriasis, and it can be
hypothesized that inflammatory cytokines involved
in psoriasis pathogenesis as [FN-y, TNF-a., or IL-1
increase the expression of miRNA155, which in
turn augments the inflammatory process in psoria-
sis by upregulating IL-17/IL-17A production and
rendering the immune-suppressing dermal MSCs
dysfunctional. In addition, miRNA-155 is capable
of directly increasing TNF-o levels,?’ one of the
major cytokines involved in psoriasis.*® Although
the expression of miRNA-155 was not correlated
with the levels of IL-17/IL-17A in psoriasis patients,
this may be explained by the fact that Th17 are not
the only cells capable of 1L-17/IL-17A production,
in addition to the different pathways that may influ-
ence IL-17/IL-17A production in psoriasis.

Furthermore, the data regarding psoriasis being
not as common in less polluted rural areas than
polluted urban communities®!*? and that miRNA-
155 is upregulated by pollution,*-* may be a link
between environmental factors and psoriasis, and
certainly deserves further investigations.

MiRNA-210 is a member of the hypoxia-induced
miRNA that is known to upregulate angiogenesis
and inhibit apoptosis.>> Hypoxia-inducible factor
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low (HIF-1a) is vital for Th17 differentiation®® and
was found to be overexpressed in psoriatic skin®’-¥*
and serum.’® HIF-1a was found to drive miRNA-
210 overexpression.*’ Together with the ability of
miRNA-210 to induce crucial psoriasis mediators
like IL-17/IL-17A as well as to attenuate the
immune regulatory functions of Tregs'® makes this
miRNA an ideal target for therapeutic targeting
in psoriasis.

Our study demonstrated elevated expression of
miRNA-210 in psoriatic skin and serum, thus pro-
viding further support of the role of miRNA-210 in
the pathogenesis of psoriasis. Furthermore, Zhao
et al.'® demonstrated the upregulation of miRNA-
210 in PBMCs of psoriasis patients compared to
healthy controls.

The significant positive correlation between
serum expression of miRNA-210 and IL-17/
IL-17A levels in psoriatic patients (P=0.010,
r=0.562) provides further support for the impor-
tant role of this miRNA in stimulating IL-17/
IL-17A production and focuses the light on the
possible interaction between miRNA-210 and
Th17 cells in the pathogenesis of psoriasis.
Moreover, the positive correlation between lesional
miRNA-210 with both PASI and body surface area
(BSA) affected by psoriasis suggests an important
relationship between this miRNA and the disease
activity and may encourage further investigations
to explore the possibility of using this miRNA as
one of the markers of psoriasis severity.

Interestingly, although non-lesional miRNA-
210 expression was not significantly higher
(P=0.198) than normal control skin, it positively
correlated with PASI (P=0.004, r=0.610) as well
as lesional miRNA-210 (P<0.001, r=0.884).
Moreover, miRNA-210 expression was signifi-
cantly higher in patients’ sera compared to controls
(P=0.001). Such observations may suggest a direct
participation of miRNA-210 in the development
and severity of psoriasis.

Again, environmental factors may be linked to
psoriasis through miRNA-210, as several authors
have demonstrated dysregulation of this miRNA
with arsenic intake.*'**> Furthermore, because of the
role of miRNA-210 in cardiovascular diseases,* this
encourages investigations of this miRNA for links
between cardiovascular diseases and psoriasis.

MiRNA-20b is a member of the miR-106a-363
cluster, which are members of miR-17 family** that
are frequently overexpressed in various human

neoplasias.* " Lei et al.*® showed that miRNA-20b
regulates vascular endothelial growth factor
(VEGF), which is mediated by HIF-1c. and STAT3.%

In experimental autoimmune encephalomyelitis
(EAE), when miRNA-20b was overexpressed, a
decrease in Th17 differentiation by targeting RORyt
and STAT3 was observed with a resultant decrease
in disease severity.!® However, in our study,
miRNA-20b was overexpressed, did not correlate
with IL-17/IL-17A, and the non-lesional levels cor-
related with the PASI score. Thus, it does not seem
that miRNA-20b plays a protective role in the set-
ting of psoriasis. Conversely, it has been demon-
strated that miR-20b binds to the 3'-UTR of
phosphatase and tensin homolog (PTEN) and sup-
presses its translation, and therefore decreases
PTEN protein.’*%> PTEN has been reported to be
downregulated in psoriatic lesions,’** explaining
the excessive proliferation and resistance to apopto-
sis in psoriatic epidermis.>* The upregulation of p63
in the psoriatic epidermis may augment miRNA-
20b expression which acts downstream of p63.!%-%3

It had been previously demonstrated that miRNA
expression in plasma and serum appears to reflect the
extrusion of miRNAs from distant tissues or organs
or disease pathways.*> In this study, this was the
case only for miRNA-20b which showed such rela-
tion between its serum and lesional levels (P=0.046,
rs=0.451) (Figure 1). Lesional miRNA-20b also
correlated positively with its non-lesional levels
(P<0.001, rs=0.709). Thus, it seems that both tis-
sue and serum miRNA20-b in psoriasis patients may
share similar mechanisms of regulation.

Both lesional and serum levels of miRNA-155
and miRNA-20b correlated positively in our
patients (P=0.020, rs=0.514 and P=0.013,
rs=0.544, respectively), and serum miRNA-155
also correlated positively with lesional miRNA-
20b expression (P=0.027, rs=0.493). This implies
that there may be common factors responsible for
the upregulation of these miRNAs. It would be
interesting to investigate whether inflammatory
mediators known to upregulate miRNA-155, like
TNF-a, may also upregulate miRNA-20b.

MiRNA-155 and 210 levels were insignificantly
higher in non-lesional compared to normal control
skin but were significantly higher in lesional skin
compared to non-lesional and control skin. These
findings may support the hypotheses of Naldi®® and
Zhang et al.%! that epigenetic mechanisms,
including miRNAs expression, may explain the
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discordance of psoriasis development among cer-
tain portions of the skin within the same patient.
These data suggest the possible involvement of
the miRNAs examined in the pathogenesis of psoria-
sis; however, the data are limited by the small sample
size. Another limitation would be the lack of follow-
up for the measured proteins after therapeutic inter-
vention, which would have possibly shed more light
on the interactions of the examined miRNAs and
IL-17/IL-17A axis in the context of psoriasis.

Conclusion

This study highlights the possible contribution of
miRNA-155, 210, and 20b in the pathogenesis of
psoriasis. These results need further verification in
large-scale studies to determine the degree of
involvement of these miRNAs in psoriasis, which
also seem to be involved in comorbidities associ-
ated with psoriasis. The significance of identifying
environmental factors associated with miRNAs
regulation in psoriasis cannot be underscored
enough as it may provide possible means to limit
disease progression, exacerbations, and severity.
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