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Rezumat

Terapia imunomodulatorie topicd este de mare interes
in tratamentul bolilor dermatologice inflamatorii, auto-
imune si tumorale. fn,telegerea mecanismelor de actiune ale
moleculelor imunomodulatorii este esentiald pentru
tratamentul optim al multor afectiuni dermatologice. In
acest articol sunt prezentate principalele clase de substante
imunomodulatorii topice steroidiene si nesteroidiene, cu
exemplificarea mecanismului de actiune, a reactiilor
adverse, a indicatiilor aprobate dar si a celor aflate in
stadiul experimental. Corticosteroizii au revolufionat
terapia topicd avind un important rol anti-inflamator si
imunosupresor, dar cu pretul unor reactii adverse
importante in utilizarea pe termen lung. Din acest motiv a
apdrut necesitatea utilizdrii unor substante cu rezultate
terapeutice asemdndtoare dar fird dezavantajul reactiilor
adverse. Moleculele imunomodulatorii topice nesteroidiene
prezentate in acest articol sunt inhibitorii de calcineurind,
imiquimod-ul, sinecatechinele, interferonii si difenciprona.
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Summary

Topical immunomodulatory therapy is of great interest
in the treatment of both the inflammatory, but also
autoimmune or tumoral dermatological diseases.
Understanding the mechanisms of action of these molecules
is essential in order to achieve an optimal treatment
outcome of many dermatological diseases. This paper
presents the main classes of topical immunomodulatory
substances, both steroid and non-steroidal, underlying their
mechanism of action, adverse reactions, approved and also
off-label indications. Corticosteroids have revolutionized
topical therapy with an important anti-inflammatory and
immunosuppressive role, but with significant side effects in
long-term use. This is why there has been a need for
substances with similar therapeutic results but without the
disadvantage of these side effects. The non-steroidal topical
immunomodulatory molecules presented in this article are
calcineurin inhibitors, imiquimod, sinecatechins, interferon
and diphenciprone.
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Introducere

Imunomodulatoarele topice sunt molecule
care modificd raspunsul imun atunci cand sunt
aplicate pe piele, in sensul supresiei sau stimu-
larii cascadei imune. Acestea se clasificd in
steroidiene si non-steroidiene. Imunomodula-
toarele steroidiene sunt reprezentate de cortico-
steroizi iar cele nonsteroidiene de inhibitorii de
calcineurind, imiquimod, sinecatechine, inter-
feron si difenciprona.

1. Dermatocorticoizii

Din anul 1952 [1], cand a fost utilizat pentru
prima oard hidrocortizonul topic, in concentratia
de 1-2%, dermatocorticoizii reprezintd principala
categorie de medicamente utilizatd in dermato-
logie, avand indicatie iIn majoritatea dermato-
zelor inflamatorii acute, subacute si cronice. Din
punct de vedere farmacologic, dermatocorticoizii
reprezintd glucocorticoizi cu o anumitd formula
chimicd, avand In comun structura cortizolului,
cu anumite modificdri ce determind si un efect
antiinflamator. Aceste modificari sunt decisive
pentru diferitele proprietati legate de solubilitate,
absorbtie, lipofilie si mecanisme moleculare.

Mecanism de actiune

Dermatocorticoizii actioneazd prin modifi-
carea functiilor celulelor imunocompetente epi-
dermice, dermice si leucocitelor. Odata pdtrunse
in citosol moleculele formeazd complexe cu
receptorii specifici de la acest nivel, cu trans-
locarea acestora in nucleu unde determind
modificari ale ADN-ului, cu influentarea sintezei
de ARN mesager, ce determina sinteza de
lipocortind si inhibarea formarii de interleukina
1. [2] Lipocortina reprezintd o glicoproteind ce
inhiba fosfolipaza A2, cu scdderea eliberarii de
acid arahidonic, cu reducerea astfel a formarii de
prostaglandine, prostacicline si leucotriene cu rol
proinflamator. Toate aceste mecanisme determina
proprietdtile anti-inflamatorii, anti-mitogenice si
imunosupresive ale corticosteroizilor.

Clasificare

Dermatocorticoizii sunt clasificati in functie
de potentd, in 4 grupuri si 7 clase, pe baza testului
de vasoconstrictie si a studiilor clinice. Vehiculul
influenteaza foarte mult eficacitatea produselor.
In general, unguentele cresc potenta corticoidu-
lui, Intrucat au efect ocluziv si prin hidratarea
intensa a stratului cornos, cresc absorbtia
substantei. [3]

Introduction

Topical immunomodulators are molecules
that alter the immune response when applied to
the skin in the sense of suppressing or
stimulating the immune cascade. These are
classified as steroid and non-steroidal. Non-
steroidal immunomodulators are represented by
calcineurin inhibitors, imiquimod, sinecatechins,
interferon and diphenciprone whereas steroidal
immunomodulators are represented by cortico-
steroids.

1. Topical corticosteroids

Since 1952 [1], when the topical hydro-
cortisone was first used in the 1-2% con-
centration, topical corticosteroids are the main
category of drugs used in dermatology, being
prescribed in most acute, subacute and chronic
inflammatory dermatoses. From a pharmaco-
logical point of view, topical corticosteroids are
glucocorticoids with a certain chemical formula,
having the cortisol structure in common, with
certain modifications that cause an anti-inflam-
matory effect. These changes are decisive for
the various properties related to solubility,
absorption, lipophilic state and molecular
mechanisms.

Mechanism of action

Topical corticosteroids act by modifying the
functions of epidermal, dermal and leukocyte
immunocompetent cells. The results are the
synthesis of lipocortin and the inhibition of
interleukin 1 formation. [2] Lipocortin is a
glycoprotein that inhibits phospholipase A2,
decreasing the release of arachidonic acid, thus
reducing the formation of prostaglandins,
prostacyclin and pro-inflammatory leukotrienes.
All these mechanisms determine the anti-
inflammatory, anti-mitogenic and immuno-
suppressive properties of corticosteroids.

Classification

Topical corticosteroids are categorized by
potency in 4 groups and 7 classes based on the
vasoconstriction test and clinical trials. The
vehicle greatly influences the effectiveness of the
products. Generally, ointments increase corticoid
potency, as they have occlusive effect and
determine intense hydration of the stratum
corneum with increased absorption of the
substance. [3]
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Figura 1. Modelul de imagine al interactiunii unui
corticosteroid (CS) si receptorului acestuia (R). Receptorul
intracelular este legat de proteinele stabilizatoare
reprezentate de proteina de soc termic 90 (Hsp-90) si altele,
inclusiv FKBP5 notatd ca F in imagine. Odatd ce
corticosteroizii sunt legati, complexul receptor devine
instabil, eliberdnd Hsp 90 si molecule asociate, fiind acum
capabil sd se dimerizeze, intrdnd in nucleu si legAndu-se de
GRE (element de raspuns glucocorticoid) si regland
transcriptia prin ARN polimeraza 11 si factori de
transcriptie. ARNm care rezulti este editat si exportat in
citoplasmd pentru sinteza proteinelor care determind
riaspunsul la corticosteroizi. O modalitate alternativd pe
langd interactiunea cu GRE este legarea la alti factori de
transcriptie, cum ar fi NF-kB in nucleul celulei.

Tabelul 1. Clasificarea corticosteroizilor topici.
Reprodus dupi [3], [4]
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Figure 1. Image model of the interaction of a corticosteroid
(CS) and its receptor (R). The intracellular receptor is
linked to stabilizing proteins represented by Heat-shock
protein 90 (Hsp-90) and others including FKBP5 noted as
F in the picture. Once the corticosteroids are bound, the
receptor complex becomes unstable, releasing Hsp 90 and
associated molecules, being now able to dimerize, entering
into the nucleus and binding to GRE (glucocorticoid
response element) and regulating transcription by RNA
polymerase 1I and transcription factors. The mRNA that
results is edited and exported into the cytoplasm for the
synthesis of proteins that determine corticosteroid response.
An alternative way besides interacting with GRE is
linking to other transcription factors, like NF-kB in the
nucleus of the cell.

Table 1. Classification of topical corticosteroids.
Reproduced after [3], [4]

I. Superpotent

Clasa 1

crema propionatd de clobetazol, unguent, gel, lotiune,
spumd, sampon, spray 0,05%,

banda de fluadrenolida 4 mcg/ cm?

unguent si crema de propionat de halobetasol 0,05%

I.Superpotent

Class 1

clobetazol propionate cream, ointment, gel, lotion, foam,
shampoo, spray 0.05%,

fluadrenolide tape 4mcg/cm2

halobetasol propionate ointment and cream 0.05%

II. Potentd mare

Clasa 2

unguent amcinonidic 0,1%,

unguent si gel de dipropionat de betametazona 0,05%,
unguent si cremad desoximetazond 0,25% si gel 0,05%
unguent diacetat de diflorazona 0,05%

cremd, unguent sau gel fluocinonida, solutie 0,05%
unguent halcinonidic, cremad, solutie 0,1%

unguent furoat de mometazona 0,1%

unguent triamcinolon acetonid 0,5%

solutie de aplicare a scalpului propionat de clobetasol 0,05%

II. High potency

Class 2

amcinonide ointment 0.1%,

betamethasone dipropionate ointment and gel 0.05%,
desoximetasone ointment and cream 0.25% and gel 0,05%
diflorasone diacetate ointment 0.05%

fluocinonide cream, ointment or gel, solution 0.05%
halcinonide ointment,cream, solution 0.1%

mometasone furoate ointment 0.1%

triamcinolone acetonid ointment 0.5%

clobetasole propionate scalp application solution 0.05%
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Clasa 3

crema si lotiune amcinonidica 0,1%

cremd si lotiune de betametazond dipropionat 0,05%,
unguent de valerat de betametazona 0,1%,

cremd cu diacetat de diflorazona 0,05%,

unguent triamcinolon acetonid 0,1% si crema 0,5%
fluticazon propionat unguent 0,0005%

Class 3

amcinonide cream and lotion 0.1%

betamethasone dipropionate cream and lotion 0.05%,
betamethasone valerate ointment 0.1%,

diflorasone diacetate cream 0.05%,

triamcinolone acetonide ointment 0.1% and cream 0.5%
fluticasone propionate ointment 0.0005%

III. Potentd moderata

Clasa 4

spumad de valerat de betametazona 0,12%

crema desoximetasone 0,05%,

unguent fluocinolon acetonid 0,025%,

unguent fluadrenolidic 0,025%

fludroxicortid unguent 0,05%,

unguent valerat de hidrocortizon 0,2%,

unguent si cremd acetonidd triamcinolond 0,1%
sau spray 0,2%

Clasa 5

lotiune de betametazona dipropionat 0,05%,

cremd si lotiune de valerat de betametazond 0,1%,
cremd acetonida fluocinolond 0,025% sau ulei si sampon
0,01%

cremd, unguent si lotiune hidrocortizon butirat 0,1%,
crema de valerat de hidrocortizon 0,2%,

cremd probutatad de hidrocortizon 0,1%

lotiune triamcinolona acetonida 0,1% si unguent 0,025%
cremad pivalat de clocortolon 0,1%

fluticazond propionat cremd si lotiune 0,05%

cremd si lotiune fluadrenolida 0,05%

unguent si cremd prednicarbat 0,1%

ITII. Moderate potency

Class 4

betamethasone valerate foam 0.12%

desoximetasone cream 0.05%,

fluocinolone acetonide ointment 0.025%,

fluadrenolide ointment 0.025%

fludroxycortide ointment 0.05%,

hydrocortisone valerate ointment 0.2%,

triamcinolone acetonide ointment and cream 0.1% or
spray 0.2%

Class 5

betamethasone dipropionate lotion 0.05 %,
betamethasone valerate cream and lotion 0.1%,
fluocinolone acetonide cream 0.025% or oil and shampoo
0.01%

hydrocortisone butyrate cream, ointment and lotion 0.1%,
hydrocortisone valerate cream 0.2%,

hydrocortisone probutate cream 0.1%

triamcinolone acetonide lotion 0.1% and ointment 0.025%
clocortolone pivalate cream 0.1%

fluticasone propionate cream and lotion 0.05%
fluadrenolide cream and lotion 0.05%

prednicarbate ointment and cream 0.1%

IV. Potenta scazuta

Clasa 6

alclometazond dipropionat unguent si crema 0,05%
cremd acetonida triamcinolond 0,1% si lotiune 0,025%
lotiune de valerat de betametazona 0,05%,

cremd desonida 0,05%,

solutie de acetonida de fluocinolond si cremd 0,01%
Clasa 7

cremd de dexametazona fosfat de sodiu 0,1%,

crema de acetat de hidrocortizon 1%,

crema de acetat de metilprednisolona 0,25%

IV. Low potency

Class 6

alclometasone dipropionate ointment and cream 0.05%
triamcinolone acetonide cream 0.1% and lotion 0.025%
betamethasone valerate lotion 0.05%,

desonide cream 0.05%,

fluocinolone acetonide solution and cream 0.01%

Class 7

dexamethasone sodium phosphate cream 0.1%,
hydrocortisone acetate cream 1%,

methylprednisolone acetate cream 0.25%

Corticosteroizii au efect antiinflamator prin
scadderea numadrului si a capacitatii de aderentd la
peretele vascular a principalelor celule implicate
in inflamatie (monocite/macrofage, granulocite].
De asemenea, scad numadrul celulelor NK, a
celulelor Langerhans si producerea de limfocite T
si de IL-2, scad expresia ELAM-1 si ICAM-1 la
nivelul celulei endoteliale, cu scdderea permea-
bilitatii vasculare. Prin inhibarea factorului
nuclear kB si a proteinei activatoare 1, inhiba
activarea genelor proinflamatorii. [5]

Efectul vasoconstrictor poate fi datorat
inhibarii histaminei si bradikininei, molecule

Corticosteroids have an anti-inflammatory
effect by decreasing the number and vascular
wall adhesion of the main cells involved in
inflammation (monocytes/macrophages, granu-
locytes). They also decrease the number of NK
cells, Langerhans cells and the production of T-
lymphocytes and IL-2, with low expression of
ELAM-1 and ICAM-1 in the endothelial cell thus
minimizing vascular permeability. By inhibiting
the nuclear factor kB and activator protein 1, it
stops the activation of proinflammatory genes. [5]

The vasoconstrictor effect may be due to the
inhibition of vasodilator molecules like histamine
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vasodilatatoare [6]. Efectul antiproliferativ, foarte
util In psoriazis este raspunzdtor de efectele
adverse de tip atrofie si fibroza ale acestor
medicamente.

Efectele adverse ale utilizdrii corticoste-
roizilor topici pot fi atat sistemice cat si locale.
Cele sistemice apar prin inhibarea axului
hipotalamo-hipofizo-adrenal si sunt reprezentate
de urmaétoarele: hiperglicemie si diabet zaharat si
efecte de tip mineralocorticoid (hipocalcemie si
edeme) prin utilizarea in special a hidro-
cortizonului.

Efectele adverse locale sunt urmétoarele:
hipopigmentare (triamcinolon) si atrofie, acnee,
glaucom, cataractd, hipertricoza faciald, infectii,
dermitd periorald, purpurd, tahifilaxie in special
in cazul pacientilor cu psoriazis.Compusii non-
fluorinati determind cel mai frecvent reactii de tip
alergic. [7]

Principalele boli dermatologice responsive la
tratamentul cortizonic sunt: dermatitele (atopica,
seboreica, numulard, prurigo, s.a), boli papulo-
scuamoase (psoriazis, lichen plan), boli pig-
mentare (vitiligo), boli veziculo-buloase (pemfi-
goid bulos, pemfigoid cicatricial, pemfigus
foliaceu), boli autoimune (lupus eritematos,
dermatomiozitd,morfee). [8]

2. Inhibitorii topici de calcineurina

Inhibitorii topici de calcineurina reprezinta
agenti imunomodulatori si antiinflamatori topici
care au avantajul cd nu prezintd efectele adverse
locale ale corticosteroizilor. Ciclosporina A
reprezintd primul inhibitor de calcineuring,
apdrut din necesitatea folosirii unor agenti
imunosupresivi in transplantul renal. Astfel, a
fost observat efectul pozitiv obtinut la pacientii
care aveau simultan psoriazis, dermitd atopica si
alte boli dermatologice. Din cauza masei
moleculare mari, ciclosporina nu poate fi utilizata
topic. Ulterior a apdrut un nou compus denumit
tacrolimus cu proprietati imunosupresive de 10-
100 de ori mai mari. [9]

Inhibitorii de calcineurind aprobati in
tratamentul dermatitei atopice la adulti si copii
peste 2 ani si utilizati si in alte dermatoze steroid
responsive, sunt reprezentati de tacrolimus
unguent 0.1% si 0,03% si pimecrolimus crema 1%.
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and bradykinin. [6] The antiproliferative effect,
very useful in psoriasis, is responsible for the
atrophy and fibrosis side effects of these
drugs.

The side effects of topically used cortico-
steroids can be both systemic and local. Systemic
side effects occur by hypothalamic-pituitary-
adrenal axis inhibition and are represented by
hyperglycaemia, diabetes mellitus and mineralo-
corticoid-like effects (hypocalcaemia and
oedema) as a result of hydrocortisone usage in
particular.

The local adverse effects are: hypopigmen-
tation (triamcinolone) and atrophy, acne, glau-
coma, cataracts, facial hypertrophy, infections,
perioral dermatitis, purpura, tachyphylaxis,
especially in case of psoriatic patients. Non-
fluorinated compounds most frequently cause
allergic reactions. [7]

The main dermatological diseases that are
responsive to cortisone treatment are dermatitis
(atopic, seborrheic, prurigo, etc.), papulo-
squamous diseases (psoriasis, lichen plan),
pigmentary diseases (vitiligo), vesicular-bullous
diseases (bullous pemphigoid, pemphigus
foliaceus), autoimmune diseases (lupus erythe-
matosus, dermatomyositis, morphoea). [8]

2. Topical calcineurin inhibitors

Topical calcineurin inhibitors are local
immunomodulatory and anti-inflammatory
agents that have the advantage of not showing
the local adverse effects of corticosteroids.
Ciclosporin A is the first calcineurin inhibitor that
appeared, due to the necessity of using immuno-
suppressive agents in renal transplantation.
Thus, the positive effect was observed in patients
who had both psoriasis, atopic dermatitis and
other dermatological diseases. Because of the
large molecular mass, ciclosporin cannot be used
topically. Subsequently, a new compound called
tacrolimus with immunosuppressive properties
of 10-100 times greater appeared. [9]

Calcineurin inhibitors approved for the
treatment of atopic dermatitis in adults and
children over 2 years of age and used in other
responsive steroid dermatoses are represented by
tacrolimus ointment 0.1% and 0.03% and
pimecrolimus cream 1%.
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Tacrolimusul este produs de o bacterie din sol
denumita Streptomyces tsukubaensis, originara din
regiunea Tsukuba din Japonia. Pimecrolimusul
este produs prin fermentatia Streptomyces
hygroscopicus var. ascomycetous.

Mecanism de actiune

In cadrul activarii limfocitelor T, prin legarea
receptorilor specifici la celulele prezentatoare de
antigen, are loc cresterea influxului de calciu in
citoplasmad, cu legarea calciului la calmodulina si
cu activarea calcineurinei.

Calcineurina reprezintd o fosfataza care
defosforileaza subunitatea citoplasmatica a facto-
rului nuclear al celulelor T activate. Subunitatea
defosforilatd se translocheaza ulterior in nucleu
unde promoveazd sinteza de citokine specifice
(IL-2, IL-3, IL-4, TNFa).

Pimecrolimusul este indicat in cazurile mode-
rate de dermatitd atopicad dar si ca tratament de
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Figura 2. Mecanismul de actiune al inhibitorilor
de calcineurind

intretinere, pentru prevenirea recidivelor iar
tacrolimusul este indicat in cazurile de dermatita
atopica moderatd spre severd, fiind si utilizat ca
medicament de primd linie, in locul cortico-
steroizilor topici. [10] Pimecrolimusul este reco-
mandat in special in zonele intertriginoase si
periocular, deoarece in aceste zone este contra-
indicatd relativ utilizarea dermatocorticoizilor
[11]. Riscul de dezvoltare de malignitdti in urma
tratamentului nu a fost demonstrat. [12]

In tratamentul de atac se foloseste tacrolimus
unguent de 0,1% In doud aplicatii pe zi pana la
remisiunea clinicd a leziunilor (nu mai mult de 14
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Tacrolimus is produced by a soil bacterium
called Streptomyces tsukubaensis, originating in the
Tsukuba region of Japan. Pimecrolimus is
produced by the fermentation of Streptomyces
hygroscopicus var. ascomycetous.

Mechanism of action

In the process of T lymphocyte activation, by
binding specific receptors to antigen presenting
cells, there is an increase in calcium influx into
the cytoplasm that binds to calmodulin with
activation of calcineurin.

Calcineurin is a phosphatase that dephos-
phorylates the cytoplasmic subunit of the acti-
vated T cell nuclear factor. The dephosphorylated
subunit then translocates into the nucleus where
it promotes specific cytokine synthesis (IL-2, IL-3,
IL-4, TNFa).

Pimecrolimus is indicated in moderate cases
of atopic dermatitis but also as a maintenance
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Figqure 2. The mechanism of action of calcineurin inhibitors

treatment for the prevention of relapses, while
tacrolimus is indicated in moderate to severe
atopic dermatitis, being also used as a first-line
drug instead of topical corticosteroids [10].
Pimecrolimus is especially recommended in
intertriginous and periocular areas, because in
these areas the use of topical corticosteroids is
relatively contraindicated [11]. The risk of
malignancies development following treatment
has not been demonstrated. [12]

For the initial intensive treatment is used the
0,1% tacrolimus ointment in two applications per
day until the clinical remission of the lesions (not




zile) urmand ca in tratamentul de Intretinere sa se
aplice o datda pe zi, 2 zile pe sdptdimédnd cu
spatiere de aproximativ 2-3 zile intre aplicari. [10]
Pimecrolimusul este recomandat a se aplica de
2 ori pe zi pand la disparitia eruptiei (maxim
6 sdptdmani) cu administrare intermitentd. [11]
Reactiile adverse locale sunt reprezentate de
eritem, iritare cutanatd, senzatie de arsurd, prurit.
De asemenea apare frecvent intoleranta la alcool
si pot apdrea afectiuni precum foliculita, acneea si
infectia herpetica. Intrucat tacrolimusul are struc-
turd de macrolid, este contraindicatda admi-
nistrarea acestuia in cazul hipersensibilitatii la
macrolide.

In cazul pacientilor cu vitiligo, aplicarea de
tacrolimus topic poate avea rezultate promi-
tatoare insd in literaturd sunt comunicate doar
studii mici si diverse studii de caz astfel ca sunt
necesare studii standardizate pe mai multi
pacienti. [13]

De asemenea, in cazul dermatitei seboreice
unguentul cu 0,1 % tacrolimus aplicat pe termen
scurt Inlocuieste cu succes corticoizii, insd sunt
necesare studii ulterioare pentru controlul
eficacitatii si a sigurantei pentru aceasta afectiune
frecventd. [14]

In cazul pacientilor cu rozacee, tratamentul
cu tacrolimus reduce eritemul insa nu are efect pe
papulo-pustule. [15]

Studii preliminare au ardtat faptul ca
utilizarea unguentului de tacrolimus 0.075%
reduce eritemul, pruritul si simptomatologia la
pacienti cu rozacee steroid-indusd atunci cand
sunt eliminati steroizii topici si factorii agravanti
ai rozaceei precum: cafeina, condimentele,
alcoolul. [16]

in cazul lichenului scleros, s-au inregistrat
cazuri de remisiuni complete la 1 an, dupd o
aplicatie pe zi a unguentului cu tacrolimus 1%,
insd sunt necesare mai multe studii pentru a
valida aceastd utilizare. [17]

3. Imiquimod

Imiquimod-ul reprezintd o imidazochinoling,
alaturi de sotirimod si resiquimod, fiind primul
dintr-o noua clasd de modulatori ai raspunsului
imun (MRI) cu efecte antivirale si antitumorale
demonstrate prin studii clinice.
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more than 14 days), whereas in the maintenance
treatment should be applied once a day, two days
a week with approximately 2-3 days spacing
between applications. Pimecrolimus is recom-
mended to be applied twice daily until the
eruption disappears (up to 6 weeks) with
intermittent administration.

Local adverse reactions are represented by
erythema, skin irritation, burning sensation and
pruritus. Frequently, alcohol intolerance also
occurs, and conditions such as folliculitis, acne
and herpes infection may appear. Since
tacrolimus has a macrolide structure, its
administration is contraindicated in macrolide
hypersensitivity. Tacrolimus may determine
allergic contact dermatitis and a rosacea-like
granulomatous reaction on the face as stated by
some reports.

For patients with vitiligo, topical tacrolimus
application may have promising results, but only
small studies and case studies are reported in the
literature, so standardized trials are required in
several patients. [13]

Also, in the case of seborrheic dermatitis,
0.1% tacrolimus ointment applied for a short
period of time successfully replaces cortico-
steroids, but further studies are needed to control
efficacy and safety for this common condition.
[14]

In the case of rosacea patients, treatment with
tacrolimus reduces erythema but has no effect on
papulo-pustules. [15]

Preliminary studies have shown that the use
of 0.075% tacrolimus ointment reduces erythema,
pruritus and symptomatology in patients with
steroid induced rosacea when topical steroids
and aggravating factors of rosacea are eliminated,
such as caffeine, spices, alcohol. [16]

In lichen sclerosus, cases of complete
remissions were recorded at 1 year after a 1%
tacrolimus ointment daily application, but more
studies are needed to validate this use. [17]

3. Imiquimod

Imiquimod is an imidazoquinoline, along
with sotirimod and resiquimod, being the first of
a new class of immune response modulators
(MRIs) with antiviral and antitumor effects
demonstrated through clinical trials.
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Mecanism de actiune

Molecula de imiquimod activeaza atat
imunitatea fnndscutd cat si raspunsul imun
celular, prin activarea TLR 7 (Toll like receptors
7). Receptorii TLR constituie o familie de
receptori de recunoastere a agentilor patogeni
exprimati pe mai multe tipuri de celule imunitare
inndscute, inclusiv celule neutrofile, macrofage si
dendritice, celule endoteliale dermice si celule
epiteliale de la nivelul mucoasei si constituie
senzorii primari ai sistemului imunitar inndscut.
Cuplarea TLR la liganzii lor conduce la productia
a variate citokine pro-inflamatorii, chemokine si
molecule efectoare, in functie de tipul de celule
activate. Imidazo-chinolonele sunt primele medi-
camente cunoscute ca activand receptorii TLR 7.
[18-21]

Imiquimod-ul stimuleaza imunitatea inna-
scuta prin producerea de diverse citokine
precum: IFNa. , TNF-a., IL-1, IL-6, IL -8, IL-10, s.a
dar si prin cresterea activitdtii celulelor NK si
macrofagelor care secretd la randul lor oxid nitric
si citokine. In plus, este stimulati indirect si
imunitatea adaptativd, INFa regland activitatea
limfocitelor T citotoxice, pe langa efectele anti-
virale si antiproliferative. Promoveaza maturarea
celulelor prezentatoare de antigen (CPA) cu
migrarea in ganglionii limfatici si organizarea RI
specific. Rezultatul este eliminarea celulei infec-
tate viral Intr-un mod selectiv prin comutarea pe
RI mediat prin Th1 citotoxic (IFN-y, IL-12, TNFa),
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Mechanism of action

The imiquimod molecule activates both
innate immunity and cellular immune response
by activating TLR 7 (Toll like receptors 7). TLR
receptors constitute a family of pathogen
recognition receptors expressed on several types
of innate immune cells, including neutrophils,
macrophages and dendritic cells, dermal
endothelial cells and mucosal epithelial cells and
represent the primary sensors of the innate
immune system. Along with TLR coupling to
their ligands begins the production of various
pro-inflammatory cytokines, chemokines and
effector molecules, depending on the type of
activated cells. Imidazo-quinolines are the first
drugs known to activate TLR receptors 7. [18-21]

Imiquimod stimulates the innate immunity
by producing various cytokines such as IFNa,
TNFa, IL-1, IL-6, IL-8, IL-10, and by increasing
the activity of NK cells and secreting
macrophages who produce as well nitric oxide
and cytokines. Additionally, adaptive immunity
is also indirectly stimulated, INFo regulating
cytotoxic T lymphocyte activity, in addition to
antiviral and antiproliferative effects. The
maturation of antigen presenting cells (APC) is
promoted with migration into lymph nodes and
specific immune response organization. The
result is the elimination of the viral infected cell
in a selective way by switching the immune
response to cytotoxic Th-1 mediation (IL-12,
TNF-a) in spite of the Th-2 humoral mediation
(IL-4 and IL-5 inhibition). [22-24]
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in defavoarea celui mediat prin Th2 umoral
(inhibare IL-4 si IL-5). [22-24]

Desi initial imiquimod-ul era aprobat doar
pentru terapia condiloamelor genitale externe,
acesta a fost ulterior aprobat de FDA si pentru
cheratoza actinica si carcinomul bazocelular
superficial.

Indicatii

Imiquimod-ul stimuleaza sistemul imunitar
pentru eliminarea condiloamelor iar regresia
spontana a verucilor demonstreaza prezenta unui
rdspuns activ mediat celular. Ratele de eliminare
a condiloamelor sunt de 50-61,8%, rata de
recurentd la vizita de urmadrire la 3 luni este de 9-
14% iar reactiile adverse sunt legate de
depigmentarea locald sau leziuni vitiligo-like.
[25-27]

Imiquimod-ul poate fi utilizat si In carci-
noamele bazocelulare superficiale in cazurile in
care nu se poate realiza excizia chirurgicald,
electroterapia sau chiuretarea diatermicd a
acestuia. [28] Rezultate promitdtoare au fost
comunicate si in cazuri de boalda Bowen,
molluscum contagiosum, keloid, lentigo malign,
limfom cutanat cu celule T, metastaze de
melanom cutanat, leishmaniaza cutanata. [3]

In pediatrie, imiquimod-ul a fost utilizat in
tratamentul hemangioamelor la copii. S-au
raportat rezultate de remisiune completd dupa
10 saptamani a unui hemangiom tratat cu imi-
quimod 5% la un copil de 4 luni si rezultate
remarcabile au fost publicate intr-un studiu pe
10 pacienti cu hemangioame infantile tratate cu
imiquimod 5% pentru 16 saptamani, in care
4 pacienti au Inregistrat remisiuni complete. [28]

De asemenea, in cazul bolii Bowen localizata
la nivel tibial, greu de tratat chirurgical, s-au
obtinut rezultate promitdtoare, cu o remisiune
histologicd in 93% din cazuri, [29] dar si in cazul
bolii Bowen cu alte localizari precum perianala
[30], infraombilicala [31], genitald [32]. Rezultate
interesante au fost raportate si in cazul cicatricilor
keloide de la nivelul lobului auricular. [33]

Imiquimod-ul este utilizat in dermatologia
experimentald in cadrul unui model de soarece
pentru psoriazis. Acest model utilizat pe scara
larga demonstreaza efectul anti-psoriazis al
substantelor nou testate sau formulele imbu-
natatite ale moleculelor deja autorizate. Aplicarea
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Rare systemic side effects of imiquimod are
represented by headaches, flu-like symptoms or
fatigue although only a small amount of the drug
is absorbed systemically. At the site of imiquimod
application can appear erythema, oedema,
scaling, ulceration, infection, hypopigmentation
or hyperpigmentation.

Indications

Although initially imiquimod was only
approved for external genital warts therapy, it
was subsequently approved by the FDA for both
actinic keratosis and superficial basal cell
carcinoma. Imiquimod stimulates the immune
system for the elimination of condylomas and
spontaneous regression of warts suggests the
presence of a cell-mediated active response.
Warts removal rates are 50-61.8%, the recurrence
rate at the 3-month follow-up visit is 9-14% and
side effects are related to local depigmentation or
vitiligo-like lesions. [25-27]

Imiquimod can also be used in superficial
basal cell carcinomas in cases where surgical
excision, electrotherapy or diathermic cleansing
cannot be performed. Promising results were also
reported in cases of Bowen disease, molluscum
contagiosum, keloid, malignant lentigo, cuta-
neous T-cell lymphoma, cutaneous melanoma
metastases and cutaneous leishmaniasis. [3]

Imiquimod has been used to treat haeman-
giomas in children in paediatric practice. A
complete 10-week remission result was reported
in a 4-month-old child with haemangioma being
treated with 5% imiquimod. Also, remarkable
results have been reported in a study of 10
haemangiomas of the infant treated with 5%
imiquimod for 16 weeks, in which 4 patients had
complete remissions. [28]

Promising results were obtained in the case of
tibia-localized Bowen disease, difficult to treat
surgically, with histological remission in 93% of
cases [29] and also in Bowen disease with other
locations such as perianal [30], infraumbilical
[31], genital [32]. Interesting results have also
been reported for keloid scars in the auricular
lobe. [33]

Imiquimod is also utilized in experimental
mice models for psoriasis. This widely used
model demonstrates the anti-psoriasis effect of
newly tested substances or improved formulas of
already authorized molecules. Topical appli-
cation of 5% imiquimod cream causes lesions
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Tabelul 2. Posologia imiquimod-ului

Condiloame genitale externe

O aplicatie/zi, 3 zile/sdptamand, 16 saptamani

Carcinom bazocelular

O aplicatie/zi, superficial 5 zile/sdptdmana, 6 saptamani

Keratoza actinica

O aplicatie/zi, 3 zile /sdptdmana, 4 saiptdmani cu evaluare la o luna.

Crema cu imiquimod trebuie ldsata sd actioneze local cel putin 8 ore.

Table 2. Imiquimod posology

External genital condyloma

One application / day, 3 days / week, 16 weeks

Superficial basal cell carcinoma

One application / day, 5 days / week, 6 weeks

Actinic keratosis

One application / day, 3 days / week, 4 weeks with one month evaluation.

Imiquimod cream should be left to act locally for at least 8 hours.

topica a cremei de 5% imiquimod determina
leziuni caracteristice psoriazisului in placi cu
modificari histopatologice specifice axei IL-17/
IL-23, cum ar fi hiperproliferarea epidermics,
neoangiogenezd, formarea de microabcese
neutrofilice si infiltrarea cu celule T CD4 pozitive
si celule dendritice. [34] Astfel, mecanismul de
actiune al corticosteroizilor a fost confirmat si
investigat In continuare si, impreunad cu testarea
betametazonei, s-au ficut dovezi ale efectului
inhibitor al citokinelor dependente de limfocitele
Th-17 si Th-1. [35] De asemenea, studii recente in
vitro si in vivo folosind modelul de psoriazis cu
imiquimod la soarecele de laborator demon-
streazd efectul anti-psoriazis superior al tacroli-
musului intr-o microemulsie pe baza de tocoferil
polietilen glicol 1000 Succinat (TGPS). [36]

4. Sinecatechinele

Sinecatechinele reprezintd un extract
standardizat din frunze de ceai verde de Camelia
sinensis, o specie din familia Theaceae , avand in
compozitie in principal polifenoli de ceai, in
special catechine (peste 85%). Cea mai
importantd catechind din unguent este 3- galatul
de epigalocatechind, cu cea mai inaltd activitate
biologica. [37-43]

Mecanism de actiune

Sinecatechinele au rol antiviral, antioxidant si
imunomodulator. Mecanismul antiviral presu-
pune distrugerea selectiva a koilocitelor infectate
prin actiune directd. Prin inhibarea sintezei de
IL-10 si a EGF are loc inhibarea proliferarii
koilocitelor iar activarea genelor supresoare

characteristic of plaque psoriasis with specific IL-
17/1L-23 axis dependent histopathological
changes like epidermal hyperproliferation,
neoangiogenesis, neutrophilic microabcess for-
mation and infiltration with CD4 positive T cells
and dendritic cells. [34] Thus, the corticosteroids
mechanism of action was confirmed and further
investigated and along with betamethasone
testing, evidence of the inhibitory effect of Th-17
and Th-1 lymphocyte-dependent cytokines was
made. [35] Also, recent in vitro and in vivo
studies using the imiquimod mouse model of
psoriasis demonstrate the superior anti-psoriasis
effect of tacrolimus in a tocopheryl polyethylene
glycol 1000 Succinate (TGPS) - based micro-
emulsion. [36]

4. Sinecatechins

Sinecatechins are a standardized green tea
leaf extract of Camelia sinensis, a species of the
Theaceae family, mainly composed of tea
polyphenols, especially catechins (over 85%). The
most important catechin in the ointment is
epigallocatechin-3-gallate, having the highest
biological activity. [37-43]

Mechanism of action

Sinecatechins have an antiviral, antioxidant
and immunomodulatory role. The antiviral
mechanism involves the direct selective
destruction of infected koilocytes. By inhibiting
the synthesis of IL-10 and EGF occurs the
inhibition of the koilocytes proliferation along
with the activation of the p53 and pRb tumor
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tumorale p53 si pRb determind apoptoza
acestora. [44-47]

Mecanismul imunomodulator presupune
stimularea imunitatii celulare, cu promovarea
sintezei de citokine, cum ar fi IL1 beta, TNF alfa,
IFN gamma, fapt ce determind activarea limfo-
citelor T, B, macrofagelor si a celulelor prezen-
tatoare de antigen. Prin inhibarea TNF beta are
loc inhibarea mecanismului de supresie a
raspunsului imun. Prin favorizarea inflamatiei
locale apare eritemul, pruritul si asa numita
senzatie de arsurd. [44-47]

Mecanismul antioxidant presupune activarea
enzimelor antioxidante (glutation, catalaza,
superoxidismutaza) cu neutralizarea redicalilor
liberi, inhibarea enzimelor prooxidante (COX 1,2-
LOX 5) cu stoparea proliferarii celulelor tumorale
si inhibarea enzimelor matriciale (MMP 2,7,9) cu
inhibarea angiogenezei. [44-47]

Doza recomandata este de 0,5 cm de unguent
pentru toate verucile, aplicat de 3 ori pe zi.
Reactiile adverse sunt reprezentate de reactii
locale de tipul eritem, edem, prurit, durere la
locul aplicarii.

Indicatii

Unguentul cu sinecatechine 15% este indicat
incd din anul 2015 in ghidul american CDC
pentru tratamentul condiloamelor anogenitale
externe iar cel cu concentratie 10% inca din anul
2012 este recomandare de grad A in ghidul
european pentru tratamentul condiloamelor
genitale externe.

Sunt raportate cazuri de remisiune completa
verucilor faciale rezistente la alte tratamente
dupd 20 de zile de tratament cu unguent cu
sinecatechine 10%. [47]

De asemenea infectiile cu moluscum conta-
giosum recalcictrante au fost tratate cu succes cu
sinecatechine [48].

S-a raportat un caz de carcinom vulvar in
situ, la o pacienta care a refuzat interventia
chirurgicald, cu remisiune completda dupa
tratamentul cu sinecatechine. [49]

Efectul anti-psoriazis ale epigalocatechinei-3-
galat au fost testate pe modelul cu imiquimod de
inducere a psoriazisului la soareci. Rezultatele
obtinute au aritat reducerea infiltratului limfo-
citar inflamator si scdderea nivelurilor IL-17A,
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suppressor genes that determines cell apoptosis.
[44-47]

The  immunomodulatory = mechanism
involves the stimulation of cellular immunity,
with cytokine synthesis, such as IL1 beta, TNF
alpha, IFN gamma, and activation of T-
lymphocytes, macrophages and antigen
presenting cells. Along with TNF beta inhibition
occurs the cancellation of immune response
suppression mechanism. By favoring local
inflammation appears erythema, pruritus and so-
called burning sensation. [44-47]

The antioxidant mechanism involves the
activation of antioxidant enzymes (glutathione,
catalase, superoxide dismutase) with free radicals
neutralization and inhibition of prooxidative
enzymes (COX 1,2-LOX 5), tumoral cell prolifera-
tion, matrix enzymes (MMP 2,7,9) and angio-
genesis [44-47]. The recommended dose is 0.5 cm
of ointment for all warts, applied 3 times a day.

Adverse reactions are local reactions such as
erythema, oedema, pruritus and pain at the
application site.

Indications

The 15% sinecatechin ointment is indicated
since 2015 in the American CDC guide for the
treatment of external anogenital warts, and the
10% concentration is a grade A recommendation
in the European guidelines for the treatment of
external genital warts since 2012.

Cases of complete remission of facial warts
resistant to other treatments are reported after 20
days of treatment with 10% sinecatechin
ointment. [47]

Also recalcitrant molluscum contagiosum
infections have been successfully treated with
sinecatechins. [48]

A case of vulvar carcinoma in situ was
reported in a patient who refused surgical
intervention with complete remission after
sinecatechin treatment. [49]

The anti-psoriasis effects of epigallocatechin-
3-gallate were tested on the imiquimod model of
psoriasis induction in mice. The results obtained
showed reduction of inflammatory lymphocyte
infiltrate and decrease in IL-17A, IL-17F, 1L-22,
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IL-17F, IL-22, IL-23, cu posibile utilizédri promi-
tdtoare in terapia anti-psoriazis topicd. [50]

5. Interferonii

Interferonii reprezintd o familie de glico-
proteine secretate de majoritatea celulelor
eucariote ca rdspuns la o varietate de stimuli
virali, bacterieni si tumorali. Existd trei forme
antigenice de interferon si anume: alfa (leuco-
citar), beta (fibroblastic), gama (imun). In derma-
tologie, o importantd deosebitd o are IFN alfa 2a
si IFN alfa 2b, cu rol imunomodulator, antiviral si
antiproliferativ. Interferonii se pot administra atat
intralezional cat si parenteral si se catabolizeaza
renal. [3]

Mecanism de actiune

Odata cu legarea moleculei de interferon la
receptorii specifici de la nivelul celulelor tintd are
loc activarea cdii de semnalizare de tip JAK-STAT,
dubla fosforilare, dimerizarea STAT si translo-
carea In nucleu cu inducerea transcriptiei genelor.

Efectul imunomodulator al interferonului
apare prin activarea MHC I si II, cresterea
numdrului de celule NK si inhibarea productiei
de citokine Th-2 (IL-4 si IL-5).

Efecte adverse

Pe langa reactiile adverse pseudogripale si
locale cutanate la locul injectiei, interferonul
poate determina pusee de reactivare a psoria-
zisului, efecte adverse neuro-psihiatrice, cardio-
vasculare, rabdomiolizd, gastro-intestinale si
mielosupresie. [3]

Indicatii

Indicatiile aprobate de FDA ale interferonului
sunt: condiloame acuminate (IFN alfa 2b),
melanom malign (IFN alfa 2b), sarcom Kaposi
asociat SIDA (IFN alfa 2b si IFN alfa 2a) si
granulomatoza cronica (IFN gamma). Indicatiile
off-label sunt proliferarile tumorale, bolile
inflamatorii si infectiile.

Interferonul alfa leucocitar uman (2 x 10°
IU/g) in crema hidrofild poate fi considerat un
tratament eficace pentru primele episoade de
herpes genital la barbat [51]. De asemenea, acesta
a determinat rezultate superioare cremei cu
podofilotoxind 0.5% in tratamentul alternativ al
verucilor genitale la barbati. [52]

IL-23 levels, with possible promising uses in
topical anti-psoriasis therapy. [50]

5. Interferons

Interferons represent a family of glyco-
proteins secreted by most eukaryotic cells in
response to a variety of viral, bacterial and
tumoral stimuli. There are three antigenic forms
of interferon: alpha (leukocytic), beta (fibro-
blastic), gamma (immune). In dermatology, it is
of particular importance IFN-a 2a and IFN-a 2b
that have an immunomodulatory, antiviral and
antiproliferative role. Interferons can be admi-
nistered both intralesional and parenteral and are
metabolized by kidneys. [3]

Mechanism of action

Once the interferon molecule is bound to
specific target cell receptors, JAK-STAT signalling
pathway is activated, with dual phosphorylation,
STAT dimerization, and translocation into the
nucleus where gene transcription is induced.

The immunomodulatory effect of interferon
occurs by activating MHC I and 1I, increasing the
number of NK cells and inhibiting the production
of cytokine Th-2 (IL-4 and IL-5).

Side effects

Besides flu-like symptoms and cutaneous
reactions at the site of injections, interferon can
determine psoriasis flares, neurologic and
psychiatric effects, cardiovascular effects,
rhabdomyolysis, gastro-intestinal effects and
bone marrow suppression. [3]

Indications

The indications endorsed by the FDA for
interferon are: acuminate condylomas (IFN-a 2b),
malignant melanoma (IFN-a 2b), AIDS asso-
ciated Kaposi’s sarcoma (IFN-a 2b and IFN-a 2a)
and chronic granulomatosis (IFN gamma). Off-
label indications are tumoral proliferation,
inflam-matory diseases and infections.

Human leukocyte alpha interferon (2 x 10°
IU/g) in hydrophilic cream may be considered an
effective treatment for the first episodes of genital
herpes in man. [51] It also produces superior
results compared to the 0.5% podophyllotoxin
cream in the alternative treatment of genital
warts in men. [52]
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Tabel 3. Indicatiile off-label ale interferonului

Proliferdri tumorale

Boli inflamatorii

Infectii

Carcinom bazocelular (o)
Keratoza actinica (o)
Carcinom scuamos (o)

Condilom gigant Buschke-Lowenstein (o)
Limfom cutanat cu celule T (o, B, )

Granulomatoza (a., y)
Hemangiom infantil (o)
Angioame (o)

Dermatita atopica (y)
Keloid (o, v)

Boala Behget (a)
Sclerodermie (y)
Scleromixedem (o)

Veruci vulgare (a, B, y)

Epidermodisplazie veruciforma (o)

Herpes zoster (o)

Herpes simplex (a)

Eritem necrolitic acral (cu hepatita C) (o)
Leishmanioza (y)

Lepri (y)

Complexul infectiilor cu Mycobacterium avium (y)

Table 3.

Off-label indications of interferon

Tumor proliferation

Inflammatory diseases

Infections

Basal cell carcinoma (o)
Actinic keratosis (o)
Squamous carcinoma (o)

Buschke-Lowenstein giant condyloma (o)

Atopic dermatitis ()
Keloid (a,y)

Behget’s disease (o)
Sclerodermia (o)

Common warts (o, 3, 7)

Veruciform epidermodisplasia (o)
Herpes zoster (o)
Herpes simplex (o)

T-cell lymphoma (a, B, )
Granulomatosis (o, )
Infantile Hemangioma (o)
Angiomas (o)

Scleromixedem (o)

Acral necrolytic erythema (with hepatitis C) (o)
Leishmaniasis ()

Leprosy (B)
Mycobacterium avium infection complex (y)

6. Difenciprona

Difenciprona a fost utilizatd pe scard larga
incd din 1980 in tratamentul alopeciei areata si a
verucilor vulgare.

Mecanism de actiune

Mecanismul de actiune in alopecie este bazat
pe ,teoria competitiei antigenice” ce presupune
faptul cd rdspunsul imun fatd de anumiti antigeni
este inhibat de un alt rdspuns imun la un antigen
mai puternic. In boala netratats, infiltratul
peribulbar este predominant format din celule T
CD4 + cu un raport CD4/CD8 de 4:1.In urma
tratamentului acest raport devine 1:1, cu cresterea
numarului celulelor T CD8+ peribulbare. In plus,
scade expresia anormald a HLA - A, B,C si DR in
epiteliul foliculilor pilosi.
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