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Rezumat

Studiul nostru, efectuat pe baza datelor din literatura
de specialitate din ultimii ani, urmdreste o serie de aspecte
ale modificdrilor epigenetice intdlnite in psoriazis. S-au
luat in considerare metilarea ADN, alterdiri ale histonelor
(metilare, acetilare) si modificiri microARN.

Criteriul de selectie a fost frecventa anumitor tipuri de
modificdri epigenetice intdlnite in psoriazis si asocierea lor
cu elemente cunoscute din patogenia psoriazisului.
Modificirile epigenetice prezentate, interferd cu princi-
palele procese patogene din psoriazis: proliferarea keratino-
citelor si modificdrile imunologice de la nivelul limfocitelor
T, cu alterarea raspunsului imun cutanat. Sunt prezentate
principalele modificdri din cursul metildrii ADN, a
acetildrii si metildrii histonelor si modificirile diverselor
tipuri de microARN.

Studiul nostru s-a orientat spre explicarea meca-
nismelor epigenetice si pe impactul pe care il au aceste
modificdri in patogenia psoriazisului. Acolo unde a fost
posibil, s-a prezentat si impactul pe care aceste modificdri
epigenetice il au asupra evolufiei clinice a psoriazisului si
asupra raspunsului la terapie.

In prezent, epigenetica deschide un nou cimp de
cercetare in patogenia, evolutia clinicd si terapia
psoriazisului.
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Summary

Our study, based on data from the literature in recent
years, looks at a number of aspects of the epigenetic changes
encountered in psoriasis. DNA methylation, histone
alterations (methylation, acetylation) and microRNA
changes were considered.

The selection criterion was the frequency of certain
types of epigenetic changes encountered in psoriasis and
their association with known elements in the patogeny of
psoriasis. The epigenetic changes presented interfere with
the main pathogenic processes in psoriasis: the proliferation
of keratinocytes and the immunological changes in the level
of T lymphocytes, with the alteration of the cutaneous
immune response. The main changes in DNA methylation,
acetylation and histone methylation and changes in various
types of microRNAs are presented.

Our study focused on explaining the epigenetic
mechanisms and the impact that these changes have on the
pathogenesis of psoriasis. Where possible, the impact of
these epigenetic changes on the clinical course of psoriasis
and on the response to therapy has also been presented.

At present, epigenetics opens a new field of research in
the pathogenesis, clinical evolution and therapy of
psoriasis.
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Sinteza proteicd in celulele eucariote este un
proces complex in care informatia geneticd
inclusd in ADN-ul nuclear este transmisa la
ribozomi prin intermediul ARN mesager
(ARNm). Acest proces complex poate fi sintetizat
in trei faze: transcriptia, translatia si sinteza
proteicd, ultima avand loc in ribozomi.

In cursul transcriptiei, ADN nuclear primeste
un semnal care “identificd” portiunea de ADN
care urmeaza sd fie copiatd de ARN polimerazs,
care formeazid ARNm. in final, ARN polimeraza
primeste un semnal de oprire (stop codon) si
transcriptia se incheie. Rezultatul transcriptiei
este formarea de ARNm care contine imformatia
genetica copiatd din nucleu, de pe un fragment
de ADN (gena) de catre ARN polimeraza si este
eliminat din nucleu [1].

Translatia presupune transportul ARNm prin
citoplasmd pédna la ribozomi. Ribozomii sunt
formati din proteine ribozomale si ARN ribo-
somal. In ribozomi ARNm se cupleazi cu ARN
de transfer care “traduce” mesajul din secventele
nucleotidelor din ARNm in secvente de amino-
acizi, care ulterior se unesc formand structuri
proteice [1,2,3].

Atat transcriptia cat si translatia sunt
modulate de numeroase mecanisme de tip feed-
back sau chek -point. S-au pus in evidentd o serie
de molecule dar si produse bacteriene care
actioneazd post transcriptie si care pot modula
pand la inhibare transcriptia unei gene. Impor-
tanta acestor molecule si procese in biosinteza
proteinelor celulare si perturbarile care apar la
acest nivel, cu implicatiile clinice care apar, au
facut ca acest nou domeniu sa constituie un
domeniu aparte al geneticii denumit “epi-
geneticd” (epi - in afard). Procesele si moleculele
incluse in domeniul epigeneticei nu se referd la
secventa nucleotidelor in AND si pot sau nu pot
sd se transmita ereditar altor celule sau la nivel de
individ. Dieta si poluantii pot duce frecvent la
alterarea proceselor incluse In domeniul epi-
geneticii. [2,4]

Cele mai importante modificdri incluse in
domeniul epigeneticii sunt: metilarea ADN,
modificari la nivelul histonelor si alterarea
actiunii fragmantelor de ARN necodificator
(ARNnNCc). Aceste modificdri se intalnesc in nume-
roase procese patogene, cele mai importante
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Protein synthesis in eukaryotic cells is a
complex process in which genetic information
from nuclear DNA is transmitted to ribosomes
via messenger RNA (mRNA). This complex
process can be synthesized in three phases:
transcription, translation and protein synthesis,
the latter taking place in ribosomes.

During transcription, nuclear DNA receives a
signal that ,identifies” the portion of DNA to be
copied by RNA polymerase, which forms mRNA.
Finally, the RNA polymerase receives a stop
signal (codon stop) and the transcription ends.
The result of transcription is the formation of
mRNA containing the genetic information copied
from the nucleus, from a fragment of DNA (gene)
by RNA polymerase and is removed from the
nucleus [1].

Translation involves the transport of mRNA
through the cytoplasm to the ribosomes.
Ribosomes are made up of ribosomal proteins
and ribosomal RNA. In ribosomes, mRNA binds
to transfer RNA, which ,translates” the message
from the nucleotide sequences in the mRNA into
amino acid sequences, which subsequently bind
together to form protein structures [1,2,3].

Both transcription and translation are
modulated by numerous feedback or checkpoint
mechanisms. A number of molecules and
bacterial products that act after transcription
have been identified and can modulate the
transcription of a gene to the point of inhibition.
The importance of these molecules and processes
in cell protein biosynthesis and the disturbances
that occur at this level, with the clinical
implications that occur, have made this new field
a special field of genetics called ,epigenetics”
(epi-out). The processes and molecules included
in the field of epigenetics do not refer to the
nucleotide sequence in DNA and may or may not
be inherited to other cells or at the individual
level. Diet and pollutants can frequently alter the
processes included in the field of epigenetics.
[2.4]

The most important changes included in the
field of epigenetics are: DNA methylation,
changes in histones and alteration of the action of
non-coding RNA fragments (ncRNA). These
changes are found in many pathogenic processes,
the most important being: tumor development,
inflammation, autoimmunity [5, 6, 7].




fiind: dezvoltarea tumorald, inflamatia, auto-
imunitatea [5, 6, 7].

Psoriazisul este o afectiune inflamatorie
cronicd in care existd o proliferare si diferentiere
anormald a keratinocitelor, in care existi o
activare anormald a limfocitelor T, posibil prin
mecanisme autoimune, factori ambientali
(stresul) infectiile, care interactioneaza cu
modificdri genetice, contribuie la aparitia si
severitatea bolii [8,9,10]. Principalele modificari
epigenetice, respectiv metilarea ADN, modi-
ficdrile la nivelul histonelor ca si alterare a
actiunii fragmentelor de ARN necodificabile se
intalnesc si in psoriazis [11].

Metilarea ADN

In sens larg, metilarea presupune atasarea
unei grupdri metil (-CH3) sau unei grupari de
atomi care contine si gruparea metil.

fn cazul ADN, gruparea metil se ataseazi
unei grupdri de baze pirimidinice formate din
citozind care precede o moleculd de guanina.
Perechea citozina/guanind se gaseste peste tot in
structura ADN dar densitatea cea mai mare este
la nivelul promotorului mai multor gene. Aditia
unei grupari metil la promotorul unei gene
(metilare) prin intermediul unei metil transferaze
inhiba expresia acestei gene [11]. In celulele
normale, grupadrile (insulele) citozina/guanina
nu sunt metilate dar pot fi metilate si se pot
intalni sporadic in structura ADN [11]. Se admite
in prezent ca hipermetilarea ADN, in special in
zona promotorului uneia sau a alteia dintre
regiunile ADN inhiba transcriptia genei respec-
tive, in timp ce hipometilarea induce expresia
genei respective. Prin hipometilare se faciliteaza
atasarea unui factor de transcriptie la nivelul
zonei promotor (zona in care se incepe
transcriptia) , cu inceperea efectivd a transcriptiei
[12,13].

In psoriazis s-au ficut studii privind
metilarea intregului genom cat si punctiform,
pentru una sau mai multe gene. S-au comparat
biopsiile efectuate la pacientii cu psoriazis cu
indivizi sdndtosi. Pacientii cu psoriazis au
prezentat zone hipermetilate dar si zone hipo-
metilate la nivel nuclear care nu s-au evidentiat la
indivizii normali, ceea ce sugereazd implicarea
metildrii anormale in patogenia psoriazisului.
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Psoriasis is a chronic inflammatory condition
in which there is an abnormal proliferation and
differentiation of keratinocytes, in which there is
an abnormal activation of T lymphocytes, pos-
sibly by autoimmune mechanisms, environ-
mental factors (stress) infections, interacting with
genetic changes contribute to the appearance and
severity of the disease [8,9,10]. The main
epigenetic changes, namely DNA methylation,
changes in histones and alteration of the action of
non-coding RNA fragments are also found in
psoriasis [11].

DNA methilation

Broadly speaking, methylation involves the
attachment of a methyl group (-CH3) or a group
of atoms that also contains the methyl group.

In the case of DNA, the methyl group
attaches to a cytosine pyrimidine base group that
precedes a guanine molecule. The cytosine/
guanine pair is found everywhere in the DNA
structure but the highest density is at the level of
the promoter of several genes. The addition of a
methyl group to the promoter of a gene (methy-
lation) via a methyl transferase inhibits the
expression of this gene [11]. In normal cells,
cytosine/guanine groups (islands) are not
methylated but may be methylated and may be
found sporadically in the DNA structure [11]. It is
now accepted that DNA hypermethylation,
especially in the promoter area of one or other of
the DNA regions, inhibits the transcription of that
gene, while hypomethylation induces the expres-
sion of that gene. Hypomethylation facilitates the
attachment of a transcription factor to the
promoter area (the area where transcription
begins), with the actual onset of transcription
[12,13].

In psoriasis, studies have been performed on
methylation of the entire genome as well as
punctiform, for one or more genes. Biopsies
performed in psoriasis patients with healthy
individuals were compared. Patients with
psoriasis had hypermethylated areas but also
hypomethylated areas at the nuclear level that
did not show in normal individuals, suggesting
the involvement of abnormal methylation in the
pathogenesis of psoriasis. Abnormal methylation
has been observed especially in the DNA of
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Metilarea anormald a fost observatd in special in
ADN-ul keratinocitelor dar si al celulelor cu
functii imune [14]. S-a demonstrat ci metilarea
keratinocitelor In leziunile de psoriazis este
corelatd cu evolutia si gradul de severitate al bolii
(PASI) dar este putin corelatd cu metilarea
ADN-ului din celulele mononucleate din sangele
periferic [15], Mai mult, imbunétatirea simpto-
melor prin tratament cu anticorpi monoclonali
(anti TNF) tinde sa se reduca gradul de metilare
pana la nivelul intdlnit in pielea sandtoasa [16].
S-a observant cd metilarea AND-ului are grade
diferite pe diverse zone ale corpului: extremitati,
abdomen, spate [17].

O serie de studii au incercat sa evidentieze
metilarea unor gene cunoscute ca importante in
patologia psoriazisului. Astfel, metilarea promo-
torului genei pléink4a a fost intalnitd in30%
dintre pacientii cu psoriazis cu valori crescute ale
PASI [18]. Alte gene investigate au fost genele
din regiunea PSORS respectiv. S100A9,
SECENBP1, CARD14, KAZN si PTPN22. S-a
putut stabili o corelatie inversa intre gradul de
metilare si exprimarea acestor gene. Mai mult, s-
a putut stabili cd metilarea implica si controlul
progresiei bolii ca si aparitia leziunilor
histopatologice clasice din psoriazis [21,22].

Alte studii au evidentiat faptul ca metilarea
genelor PDCD5 si TIMP2, implicate in prolife-
rarea keratinocitelor trebuie corelatd cu expresia
ARNm si cu metilarea intregului ADN [19].

Hipometilarea a fost identificatd la nivelul
mai multor gene cum ar fi promotorul genelor
p15, p16, 021. A fost identificata si hipometilarea
acestor gene si In celulele stem hematopoietice la
pacientii cu psoriazis. Genele p15, pl6, si p21
sunt gene care controleazad ciclul celular si
proliferarea celulard [20]. De asemenea, hipo-
metilarea genelor OAS2, S100A7. S100A12 a fost
corelatd cu cresterea severitdtii psoriazisului
[14,15].

S-au evidentiat o serie de perturbari ale ADN
metiltrasferazei care transfera gruparea metil la
dinucleotidul citozind/guanind. Existd o familie
de ADN transferaze care se gasesc si in keratino-
cite. Cea mai importantd este DNMT1 care se
opune diferentierii keratinocitelor. Inhibarea
exprimdrii DNMT1 are un puternic antiproli-
ferativ prin supresia cdii de transmisie wnt/beta
catenina [24,25] .
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keratinocytes but also of cells with immune
functions [14].

Keratinocyte methylation in psoriasis lesions
has been shown to correlate with disease
progression and severity (PASI) but is poorly
correlated with DNA methylation in peripheral
blood mononuclear cells [15]. Monoclonal
antibodies (anti-TNF) tend to reduce methylation
to healthy skin [16]. It has been observed that
DNA methylation has different degrees on
various areas of the body: extremities, abdomen,
back [17].

A number of studies have attempted to
highlight the methylation of genes known to be
important in the pathology of psoriasis. Thus,
pléink4a gene promoter methylation was found
in 30% of psoriasis patients with elevated PASI
values [18]. Other genes investigated were the
genes from the PSORS region, respectively
S100A9, SECENBP1, CARD14, KAZN and
PTPN22. An inverse correlation could be
established between the degree of methylation
and the expression of these genes. Moreover, it
has been established that methylation also
involved the control of disease progression as
well as the appearance of classic histopatho-
logical lesions in psoriasis [21,22].

Other studies have shown that the methy-
lation of the PDCD5 and TIMP2 genes involved
in keratinocyte proliferation must be correlated
with  mRNA expression and whole DNA
methylation [19].

Hypomethylation has been identified in
several genes such as the pl15, pl6, p21 gene
promoter. Hypomethylation of these genes has
also been identified in hematopoietic stem cells in
patients with psoriasis. The p15, p16, and p21
genes are genes that control the cell cycle and cell
proliferation [20]. Also, hypomethylation of the
OAS2, S100A7 genes. SI00A12 has been shown to
increase the severity of psoriasis [14,15].

A number of DNA methyltransferase disrup-
tions have been found that transfer the methyl
group to the cytosine / guanine dinucleotide.
There is a family of DNA transferases that are
also found in keratinocytes. The most important
is DNMT1, which opposes keratinocyte dif-
ferentiation. Inhibition of DNMT1 expression has
a strong antiproliferative effect by suppressing
the wnt / beta catenin pathway [24.25].




In afarda de keratinocite, s-au semnalat
modificari de metilare si la celulele mononucleate
din single periferic (PMBC). S-a observat cd exista
diferenta intre metilarea globald la pacientii cu
psoriazis, comparativ cu cei sdndtosi, cu cresterea
DNMTT1 la pacientii cu psoriazis [26]. Limfocitele
CD4+, de la pacientii cu psoriazis, au prezentat
un profil de metilare diferit de subiectii sdndtosi
[14,26]. In cazul limfocitelor Treg, genele FOX3,
au avut un nivel de metilare crescut fatd de
indivizii sandtosi, ceea ce implicd o scddere a
activitatii celulelor T reg [27].

Alterari ale histonelor

Histonele sunt proteine alcaline care se gasesc
in nucleul celulelor eucariote, participand la
formarea nucleosomilor, fiind principalele com-
ponente ale nucleosomilor. Au rolul de a mentine
ADN-ul spiralat si de a evita alterarea structurii
de dublu helix. Contin in cantitdti mari arginind
si lizind si in functie de continutul in acesti
aminoacizi se impart in mai multe clase: H1/H5,
H2 , H3, H4. Prin actiunea unor enzime diverse,
histonele pot suferi mai multe modificari chimice
care pot influenta transcriptia la nivelul genelor.
Cele mai importante modificari la acest nivel sunt
metilarea si acetilarea. Metilarea se realizeaza
prin legarea uneia sau mai multor grupdri metil
la nivelul lizinei sau argininei din molecula
histonei iar acetilarea se face prin adaugarea
gruparii acetil la nivelul lizinei. Aceste modifi-
cari altereazd interactiunea histone/ADN sau
histone/histone alterdnd activitatea factorilor de
transcriptie si in final, intregul proces de
transcriptie [28, 29].

in psoriazis s-au evidentiat atat metildri cat si
acetilari ale histonelor. In cazul metilarii s-a
observat cd metilarea histonei H3K9me2 in
leziunea de psoriazis poate modifica expresia IL-
23 in keratinocite. Scaderea demetilarii H3K9 la
nivelul promotorului genei IL-23 duce la cres-
terea expresiei IL-23 in keratinocitele din leziunea
de psoriazis [30]. In celulele din sangele periferic,
histona H3K4 este crescutd la pacientii cu
psoriazis comparativ cu cei sdndtosi. Pacientii
tratati cu diverse terapii biologice si care nu au
rdspuns la tratament dupd trei/sase luni,
prezintd niveluri diferite de metilare ale acestor
histone [31]. Metil transferaza EZH?2 care produce
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In addition to keratinocytes, methylation
changes have also been reported in single
peripheral mononuclear cells (PMBCs). It has
been observed that there is a difference between
global methylation in psoriasis patients com-
pared to healthy ones, and an increase in DNMT1
in psoriasis patients [26]. CD4 + lymphocytes
from patients with psoriasis had a different
methylation profile than healthy subjects [14,26].
In the case of Treg lymphocytes, the FOXP3 genes
had a higher level of methylation compared to
healthy individuals, which implies a decrease in
the activity of T reg cells [27].

Histone alterations

Histones are alkaline proteins that are found
in the nucleus of eukaryotic cells, participating in
the formation of nucleosomes, being the main
components of nucleosomes. Their role is to keep
the DNA stranded and to avoid altering the
double helix structure. They contain large
amounts of arginine and lysine and depending
on the content of these amino acids are divided
into several classes: H1 / H5, H2, H3, H4.
Through the action of various enzymes, histones
can undergo several chemical changes that can
influence the transcription of genes. The most
important changes at this level are methylation
and acetylation. Methylation is accomplished by
binding one or more methyl groups to the lysine
or arginine in the histone molecule and
acetylation is done by adding the acetyl group to
the lysine. These changes alter the histone / DNA
or histone / histone interaction by altering the
activity of transcription factors and ultimately the
entire transcription process [28, 29].

Both methylation and acetylation of histones
have been reported in psoriasis. In the case of
methylation, it has been observed that
methylation of histone H3K9me2 in psoriasis
lesion can alter IL-23 expression in keratinocytes.
Decreased H3K9 demethylation in the IL-23 gene
promoter increases IL-23 expression in
keratinocytes in the psoriasis lesion [30]. In
peripheral blood cells, histone H3K4 is elevated
in patients with psoriasis compared to healthy
ones. Patients treated with various biologic
therapies who did not respond to treatment after
three/six months have different levels of
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o trimetilare In componenta H3K27, este supra-
exprimatd in pielea lezionald crescand proli-
ferarea keratinocitelor [32]. Pe de altd parte,
dimetilarea H3K7 prin cresterea nivelului dime-
tilazei jmjd3 conduce la diferentierea celulelor
Th17 [33]. Se observad ca metilarea/demetilarea
histonelor intervine in doud procese cheie in
patogenia psoriazisului. Acetilarea, se realizeaza
prin transferul gruparii acetil la lizina din com-
ponenta acestora, prin intermediul unei enzime
(histon acetyl transferaza). Existd si procesul
invers, deacetilarea, realizat de enzime de tipul
deacetilazelor. Aditia unei grupari acetil sau
pierderea acestei grupdri de cdtre histone,
modifica raportul acestora cu ADN-ul celular,
favorizand sau inhiband expresia mai multor
gene.

in psoriazis, in pielea lezionald, dar in PBMC,
deacetilarea HDAC-1 este supra exprimatd, fara
sd fie diferita intre diversele forme clinice de
psoriazis. O altd deacetilazd, SIRTUIN-1, cu efect
antiinflamator si antiproliferativ, este scazutd in
psoriazis [34]. Existd o opozitie intre HDAC-1 si
SIRTUIN-1 in psoriazis. Astfel, HDAC-1 suprima
expresia genelor cu actiune inflamatorie si
proliferativd, SIRTUIN-1 induce in keratinocite
efecte antiinflamatorii si apoptoza putand
actiona si la nivelul genei p53 [14, 34].

HDAC-1 are efect si la nivelul sistemului
imun. Astfel, inhibitia HDAC-1 creste expresia
genelor Foxp-3 cu supra productia si exacerbarea
functiilor T reglator [35].

Ca si In cazul metilarii, raportul intre
acetilare/deacetilarea histonelor este foarte
important pentru expresia unei gene. Variatia
acestui raport este supusd unor factori interni
celulari si unui micro ambient celular in care un
rol important il are constelatia de citokine si
factori de crestere.

ARN necodificator

ARN-ul necodificator (ARN/nc-non coding
RNA) reprezintd o moleculd de ARN care nu
contine informatie geneticd capabild s ducd la
formarea de proteine. Existd un numdr mare de
aceste molecule de ARN care nu sunt implicate
direct in transmiterea informatiei genetice la
ribozomi si care nu contribuie direct la sinteza
proteicd. Rolul acestor molecule de ARN este in
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methylation of these histones [31]. Methyl trans-
ferase EZH2, which produces a trimethylation in
the H3K27 component, is overexpressed in the
lesional skin increasing keratinocyte proliferation
[32]. On the other hand, demethylation of H3K7
by increasing the level of demethylase jmjd3
leads to the differentiation of Th17 cells [33]. It is
observed that histone methylation/demethy-
lation is involved in two key processes in the
pathogenesis of psoriasis. Acetylation is per-
formed by transferring the acetyl group to the
lysine of their component, by means of an
enzyme (histone acetyl transferase). There is also
the reverse process, deacetylation, performed by
enzymes such as deacetylases. The addition of an
acetyl group or the loss of this group by histones
alters their relationship to cellular DNA, favoring
or inhibiting the expression of several genes.

In psoriasis, in the lesional skin, but in PBMC,
deacetylation of HDAC-1 is overexpressed,
without being different between various clinical
forms of psoriasis. Another deacetylase,
SIRTUIN-1, with anti-inflammatory and anti-
proliferative effect, is low in psoriasis [34]. There
is an opposition between HDAC-1 and SIRTUIN-
1 in psoriasis. Thus, HDAC-1 suppresses the
expression of genes with inflammatory and
proliferative action, SIRTUIN-1 induces anti-
inflammatory effects in keratinocytes and
apoptosis can also act on the p53 gene [14, 34].

HDAC-1 also has an effect on the immune
system. Thus, inhibition of HDAC-1 increases
Foxp-3 gene expression with overproduction and
exacerbation of regulatory T functions [35].

As with methylation, the ratio of acetylation/
deacetylation of histones is very important for
gene expression. The variation of this ratio is
subject to internal cellular factors and a cellular
microenvironment in which the constellation of
ciotokines and growth factors play an important
role.

Non-coding RNA

Non-coding RNA (RNA) is a non-RNA mole-
cule that does not contain genetic information
that can lead to the formation of proteins. There
are a large number of these RNA molecules that
are not directly involved in the transmission of
genetic information to ribosomes and that do not




reglarea post transcriptionald a expresiei genelor,
intervenind in procesul de transmitere a infor-
matiei genetice de la nucleu la ribozomi.

Se cunosc In prezent trei clase de molecule de
ARN de acest tip (ARNnc) diferentiate prin
numdrul de nucleotide care intrd in compozitia
lor:

1. ARNnc-lung, cu peste 200 nucleotide

(ARN ribozomal RNA propriu-zis).

2. ARNnc-scurt, care contine intre 40 si
200 de nucleotide (ARN de transfer,
ARNsnc, ARNsn)

3. ARNnc mai scurt de 40 nucleotide (micro
ARN, ARNpi).

O categorie aparte de ARN lung o reprezinta
ARN circular, care are o specificitate de tesut si
care apare in anumite conditii fiziologice
specifice [36,37].

Aceste patru forme de ARNnc prezinta
expresii diferite in diverse procese patologice din
organism (inflamatie, procese tumorale etc), fapt
care se reflecta in activitatea de transcriptie a
diverselor gene. Existd tendinta de a identifica o
serie de modificari ale acestor molecule de
ARNNC care ar putea sugera o serie de modificari
la nivel clinic pentru diverse afectiuni. Pe de alta
parte, existd numeroase molecule de ARNnc fara
o functie clar definita in prezent [37,38] .

In psoriazis s-au identificat disfunctii la
nivelul micro ARN (ARNmi) si ARNnc care pre-
zintd importanta clinica [39].

MICRO ARN (miARN). Reprezintd un mic
fragment de ARN care nu contine informatie
geneticd, avand in jur de 22 nucleotide. Are
capacitatea de a regla post transcriptional
expresia a numeroase gene prin cuplarea cu baze
complementare din structura ARN mesager.
Cuplarea are ca rezultat distrugerea ARN
mesager cu blocarea transmiterii informatiei
genetice de la gena la ribozomi. In acest fel se
suprima activitatea unei gene dupa ce s-a realizat
transcriptia genei. Tot o datd, miARN poate
contribui la metilarea unei gene sau modificari al
histonelor [1,2,40].

Pana in prezent au fost identificate in jur de
250 de tipuri de miARN care au o importanta mai
mare sau mai mica in patogenia psoriazisului.
Investigarea acestor tipuri de miARN s-a efectuat
in special in keratinocitele din leziunile de
psoriazis comparativ cu pielea sdnatoasd a
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directly contribute to protein synthesis. The role
of these RNA molecules is in the post-
transcriptional regulation of gene expression,
intervening in the process of transmitting genetic
information from the nucleus to ribosomes.

Three classes of RNA molecules of this type
(ncRNA) are currently known, differentiated by
the number of nucleotides that make up their
composition:

1. long ncRNA with over 200 nucleotides

(ribosomal RNA proper RNA)
2. short ncRNA, containing between 40 and
200 nucleotides (transfer RNA, sncRNA),
3. ncRNA shorter than 40 nucleotides
(microRNA, RNApi).

A special category of long RNA is circular
RNA, which has a tissue specificity and appears
under certain specific physiological conditions
[36,37].

These four forms of ncRNA show different
expressions in various pathological processes in
the body (inflammation, tumor processes, etc.),
which is reflected in the transcription activity of
various genes. There is a tendency to identify a
number of changes in these ncRNA molecules
that could suggest a number of changes at the
clinical level for various conditions. On the other
hand, there are many ncRNA molecules without
a clearly defined function at present [37,38].

In psoriasis, dysfunctions have been iden-
tified at the level of microRNAs (mRNAs) and
ncRNAs of clinical importance [39].

MICRO RNA (miRNA). Represents a small
fragment of RNA that does not contain genetic
information, having about 22 nucleotides. It has
the ability to regulate post-transcriptional expres-
sion of numerous genes by coupling with
complementary bases in the messenger RNA
structure. Coupling results in the destruction of
messenger RNA by blocking the transmission of
genetic information from the gene to the ribo-
somes. This suppresses the activity of a gene after
the gene has been transcribed. At the same time,
miRNA may contribute to gene methylation or
histone modification [1,2,40].

To date, about 250 types of miRNAs have
been identified that are of greater or lesser
importance in the pathogenesis of psoriasis. The
investigation of these types of miRNAs was
performed mainly in keratinocytes from psoriasis
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aceluiasi pacient. Rezultatele au fost comparate
cu indivizi sdnatosi. Metodele de investigare au
fost de tipul PCR [12,41]. Evident s-au facut
corelatii Intre expresia crescuta sau scazutd a unui
anume tip de miARN, cu perturbdri ale
transcriptiei unei anumite gene si aspectele
clinice si evolutive ale bolii. Unele dintre aceste
perturbari ale miARN pot fi verigi importante in
patogenia psoriazisului.

miARN-203. Reprezintd un tip de miRNA cu
mare specificitate pentru piele. Expresia
miRNA203 este crescutd in keratinocitele
leziomale din psoriazis [41] miRNA-203 de a
activa semnalele induse de citokine activand fac-
torii de transcriptie pentru aceste molecule.[42]

miARN -125. Are capacitatea de a supresa
proliferarea keratinocitelor fiind scdzut in
leziunile de psoriazis. Totodatd, poate regla
expresia receptorului pentru EGF (EGFR2)
exacerband diferentierea keratinocitelor [43].

miARN-210. Este un alt tip de miARN care
este masiv crescut in leziunile de psoriazis cat si
in limfocitele CD4+. Pe modele animale, pe
leziuni de psoriazis induse de imiquimod,
leziunile de psoriazis s-au ameliorat semnificativ.
Ameliorarea fiind coleratad cu sciderea miARN in
leziune cat si la nivelul limfocitelor T [39].
Totodatd, miARN-210 inhiba diferentierea
limfocitelor Th2, scade nivelul de ARNm pentru
IL-17, interferon, producand dezechilibre imuno-
logice importante la nivelul limfocitelor Th1, Th2,
Th17 [39,47].

miARN-200. Prezinta valori crescute atat in
plasma cét si in leziunile de psoriazis .Valorile
crescute in plasma pacientilor cu psoriazis sunt
corelate pozitiv cu severitatea bolii si cu riscul
cardiovascular [46,47].

miARN-135b. Este un tip de ARN bine corelat
cu evolutia psoriazisului in cursul terapiei
biologice. Un studiu efectuat pe pacienti cu
psoriazis, cu PASI peste 10, care a urmarit
expresia mai multor tipuri de miARN dupa
tratament biologic (anti TNF, anti IL-17), a
evidentiat faptul cd numai miARN-135b a revenit
la nivel bazal in zona lezionald. Scdderea
nivelului miARN-135b a fost corelatad cu scaderea
PASI [45].

miARN-146a. Keratinocitele din leziunea de
psoriazis, PBMC ca si componentele din dermul
lezional, exprimd niveluri crescute de miARN -
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lesions compared to the healthy skin of the same
patient. The results were compared with healthy
individuals. The methods of investigation were
of the PCR type [12,41]. Obviously, correlations
were made between the increased or decreased
expression of a certain type of miRNA, with
disturbances in the transcription of a certain gene
and the clinical and evolutionary aspects of the
disease. Some of these miRNA disruptions may
be important links in the pathogenesis of
psoriasis.

miRNA-203. It is a type of miRNA with high
specificity for the skin. MiRNA203 expression is
increased in lesional keratinocytes in psoriasis
[41] miRNA-203 to activate cytokine-induced
signals by activating transcription factors for this
molecule. [42]

miRNA-125. It has the ability to suppress
keratinocyte proliferation and is low in psoriasis
lesions. At the same time, it can regulate the
expression of the EGF receptor (EGFR2) by
exacerbating keratinocyte differentiation [43].

miRNA-210. It is another type of miRNA that
is massively increased in psoriasis lesions as well
as in CD4 + lymphocytes. In animal models of
psoriasis lesions induced by imiquimod, the
psoriasis lesions were significantly ameliorated.
The improvement being cholerized by the
decrease in miRNA in the lesion as well as in the
T lymphocytes [39]. At the same time, miRNA-
210 inhibits Th2 lymphocyte differentiation,
decreases the level of mRNA for IL-17, interferon,
producing important immunological imbalances
in Th1, Th2, Th17 lymphocytes [39, 47].

miRNA-200. There are elevated values in
both plasma and psoriasis lesions. Elevated
plasma values in patients with psoriasis are
positively correlated with disease severity and
cardiovascular risk [46,47].

miRNA-135b. It is a type of RNA well
correlated with the evolution of psoriasis during
biological therapy. A study of patients with
psoriasis, with PASI over 10, which looked at the
expression of many types of miRNAs after
biological treatment (anti TNF, anti IL-17),
showed that only miRNA-135b returned to
baseline in lesional area. The decrease in miRNA-
135b level was correlated with the decrease in
PASI [45].




146a [47]. Totodatd, miARN-146a este corelat
pozitiv cu expresia de IL-17, fiind un reglator
negativ al autoimunitdtii si inflamatiei [48].
Regleazd negativ factorul de transcriptie NF-kB
la nivelul celulelor B fiind implicat in productia
de citokine proinflamatorii [47,48,49]. Pe de alta
parte, miARN-146a poate supresa inflamatia
pielii mediata de IL-17, acest rol fiind legat si de
polimorfismul unui singur nucleotid la nivelul
genei ce codificd promotorul genei miARN-146a
[49]. Reducerea activitatii IL-17 a fost observata
pe modele animale si in cazul miARN -340 care
reduce expresia acestei citokine [50].

miARN-21.Valori crescute ale miARN-21 au
fost depistate In keratinocite si infiltratul
inflamator in leziunile din psoriazis. Aceste
valori crescute au fost corelate cu cresterea
expresiei miARN al TNF alfa [51,52]. miARN-21
are o puternicd actiune imunologicd promovand
inflamatia, suprimand apoptoza celulelor T si
alterand functiile celulelor T reglatoare. Scaderea
expresiei miARN in celulele T reglatoare este
asociatd cu reducerea functiilor normale ale
acestor celule. De asemenea, miARN-21 scade
expresia IL-17 si IL-10. in unele cazuri, s-a
observat cd miARN-21 poate actiona pe functii
opuse ale celulelor T reglatoare [53].

miARN -31. La nivel lezional s-a evidentiat o
supra expresie miARN-31. Supresia miARN-31
inhibd semnalele produse de factorul de trans-
criptie NF-«B, cu scidderea productiei de IL-1 beta
si a mai multor citokine. miARN-31 actioneaza
asupra genelor care codificd enzimele din
categoria serin treonin kinazelor, producand
proliferarea keratinocitelor si au un rol reglator
asupra migrarii acestora. In ansamblu, supra
expresia de miARN-31 promoveaza masiv
inflamatia la nivelul pielii lezionale, regland
productia de citokine si chemochine. Totodatd,
miARN-31 este implicat in proliferarea, diferen-
tierea, migrarea celulard ca si in apoptoza [54,55].
Alte tipuri de miARN cum este miARN -155
prezintd niveluri crescute In psoriazis, influen-
teazd direct expresia de mediatori in leziunile de
psoriazis [56].

ARN necodificator lung (ARNncl) este un tip
de ARN care nu transmite informatie geneticd,
care are in compozitia sa un numar de peste 200
de nucleotide. Se cunosc cateva mii de ARNncl
fard sd se cunoasca bine functiile fiecarui tip [57].
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miRNA-146a. Keratinocytes from the
psoriasis lesion, PBMC as well as components
from the lesion dermis, express elevated levels of
miRNA -146a [47]. At the same time, miRNA-
146a is positively correlated with IL-17 expres-
sion, being a negative regulator of autoimmunity
and inflammation [48]. It negatively regulates the
transcription factor NF-kB in B cells and is
involved in the production of proinflammatory
cytokines [47,48,49].

On the other hand, miRNA-146a can
suppress IL-17-mediated inflammation, this role
being related to the polymorphism of a single
nucleotide in the gene encoding the miRNA-146a
gene promoter [49]. Decreased IL-17 activity has
also been observed in animal models with
miRNA -340, which reduces the expression of this
cytokine [50].

miRNA-21. Elevated values of miRNA-21
were found in keratinocytes and inflammatory
infiltrate in psoriasis lesions. These elevated
values were correlated with increased TNF-alpha
miRNA expression [51,52]. miRNA-21 has a
strong immunological action promoting inflam-
mation, suppressing T cell apoptosis and altering
the functions of regulatory T cells. Decreased
miRNA expression in regulatory T cells is
associated with reduced normal function of these
cells. MiRNA-21 also decreases IL-17 and IL-10
expression. In some cases, it has been shown that
miRNA-21 can act on opposite functions of
regulatory T cells [53].

miRNA-31. At the legislative level, an over-
expression of miRNA-31 was highlighted.
Suppression of miRNA-31 inhibits the signals
produced by the transcription factor NF-xB,
decreasing the production of IL-1 beta and
several cytokines. miRNA-31 acts on genes
encoding serine threonine kinase enzymes,
producing keratinocyte proliferation and has a
regulatory role in their migration. Overall, over-
expression of miRNA-31 massively promotes
inflammation in the lesional skin, regulating the
production of cytokines and chemokines. At the
same time, miRNA-31 is involved in prolifera-
tion, differentiation, cell migration as in apop-
tosis [54,55]. Other types of miRNAs, such as
miRNA-155, have elevated levels in psoriasis,
directly influencing the expression of mediators
in psoriasis lesions [56].
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Se considerd cd ARNncl intervine post
transcriptional in metilarea histonelor, regleaza
factorii de transcriptie si translatia proteinelor
[58]. Totodatd, ARNnNcl, prin blocarea mai multor
gene, controleazd ciclul celular si apoptoza.
Exista o corelatie pozitiva intre valorile crescute
ale ARNncl si o serie de procese in care sunt
implicate keratinocitele: vindecarea ranilor,
psoriazis, cancere de piele [59,60]. in psoriazis
s-au evidentiat peste 1000 de tipuri de ARNncl
care sunt diferite in leziunea de psoriazis
comparativ cu pielea sandatoasa [57,58,59].

ARNncl actioneazd si asupra genelor
implicate in rdspunsul imun fiind astfel implicate
in componenta imund a patogeniei psoriazisului.
Existd cateva tipuri de ARNncl cu implicare
evidentd in patogenia psoriazisului: ANCR si
TINCR. ANCR (anti differentiation non-coding
RNA) se opun diferentierii keratinocitelor in timp
ce TINCR (terminal differentiation-induced non-
codingRNA promoveaza diferentierea keratino-
citelor [61].

Un alt tip de ARNncl implicat in patogenia
psoriazisului este PRINS [62,64]. Acesta este
supra exprimat in pielea sandtoasd cat si in
leziunea de psoriazis. Are un rol protector
impotriva stresului lezional iar prezenta nivelelor
crescute de PRINS in epiderm este corelatd cu un
risc crescut de a dezvolta psoriazis. Totodats,
PRINS este un reglator al genei antiapoptotice
GI1P3. Expresia acestei gene este crescutd in
keratinocitele din leziunea de psoriazis si intr-o
anumitd masurd si in pielea sdndtoasd [62,63].

Desi pana in prezent nu s-a putut stabili un
profil al leziunilor de psoriazis din punct de
vedere al modificarilor miARN cu valoare clinic3,
aceste molecule sunt puternic implicate in
patogenia psoriazisului. Astfel, s-a observat cd
polimorfismul unui singur nucleotid intalnit la
microARN poate regla expresia EGFR influen-
tand proliferarea keratinocitelor. Alte mutatii la
nivelul microARN-146 pot diminua masiv
proliferarea keratinocitelor [64]. De asemenea,
polimorfismul rs 290165G al miARN-146
constituie un factor de risc pentru psoriazis [64].
Se considera ca polimorfismul genetic la nivelul
miARN duce la activarea genelor ce controleaza
raspunsul inflamator cutanat [65].

Existd totusi o anumitd specificitate a diferi-
telor tipuri de miARN pentru leziunile de psoria-
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Long non-coding RNA (IncRNA) is a type of
RNA that does not transmit genetic information,
which are composed of more than 200
nucleotides. Several thousand IncRNAs are
known without a good understanding of the
functions of each type [57].

It is seen that IncRNA intervenes post-
transcriptionally in histone methylation, regu-
lates transcription factors and protein translation
[58]. At the same time, IncRNA, by blocking
several genes, controls the cell cycle and
apoptosis.

There is a positive correlation between
increased IncRNA values and a number of
processes in which keratinocytes are involved:
wound healing, psoriasis, skin cancers [59, 60]. In
psoriasis, more than 1000 types of IncRNA have
been found that are different in the psoriasis
lesion compared to healthy skin [57,58,59].

LncRNA also acts on genes involved in the
immune response, thus being involved in the
immune component of the pathogenesis of
psoriasis. There are several types of IncRNA with
obvious involvement in the pathogenesis of
psoriasis: ANCR and TINCR. ANCR (anti-
differentiation non-coding RNA) opposes ker-
atinocyte differentiation while TINCR (terminal
differentiation-induced non-coding RNA) pro-
motes keratinocyte differentiation [61].

Another type of IncRNA involved in the
pathogenesis of psoriasis is PRINS [62,64]. It is
over-expressed in healthy skin as well as in
psoriasis lesion. It has a protective role against
legislative stress and the presence of elevated
levels of PRINS in the epidermis is correlated
with an increased risk of developing psoriasis. At
the same time, PRINS is a regulator of the G1P3
antiapoptotic gene. The expression of this gene is
increased in keratinocytes from the psoriasis
lesion and to a certain extent in healthy skin
[62,63].

Although a profile of psoriasis lesions has not
yet been established in terms of clinical miRNA
changes, these molecules are strongly implicated
in the pathogenesis of psoriasis. Thus, it has been
observed that single nucleotide polymorphism
encountered in microRNA can regulate EGFR
expression by influencing keratinocyte pro-
liferation. Other mutations in microRNA-146
may massively decrease keratinocyte pro-




zis. Astfel, miARN-21, miARN-31, miARN-146,
miARN-125, sau miARN-155, sunt mai frecvent
asociate leziunilor de psoriazis. In cele mai multe
cazuri existd o supra expresie a acestor tipuri de
miARN 1In leziunea de psoriazis si in PBMC
[51, 65].

O serie de miARN 1in special cele care au o
expresie crescutd in leziunea de psoriazis, au fost
urmadrite si dupa tratamentul biologic cu anti
TNEF, anti IL-2, si anti IL- 23 in leziunile reziduale.
Numai miARN-135b. a revenit la valori scdzute
dupd tratament [45]. Terapia cu methotrexat
produce schimbdri in exprimarea diverselor
tipuri de miARN dar cu o specificitate si
constantd redusa [66]. Sunt studii care sugereaza
cd modificarile care apar la nivelul miARN dupa
tratament ar avea o anumitd specificitate in
functie de tratamentul efectuat [45,66].

Cu toate cd expresia diverselor tipuri de ARN
in leziune si PBMC este in multe studii variabila,
iar aprecierea este de tipul crescut/scazut, este
posibil ca diverse grupe de miARN sd se
potenteze sau sd se inhibe intre ele. Studiul
miARN poate deschide noi posibilitati
terapeutice.
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