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Rezumat

Introducere. Rapoarte recente exploreazd rolul
catecolaminelor in proliferarea celulelor maligne si
controlul rdspunsului imun la pacientii cu boald
neoplazicd. Epinefrina si norepinefrina supraregleazd
sinteza unor factori proangiogenici in celulele maligne si
induc angiogeneza in fesuturile tumorale. In schimb,
dopamina inhibd angiogeneza prin supresia actiunii VEGF
in celulele endoteliale. La nivel cutanat, au fost detectate
sisteme enzimatice care asigurd sinteza si degradarea
catecolaminelor precum si receptorii corespunzitori.
Pornind de la aceste considerente, scopul autorilor a fost
stabilirea profilului dopaminei la pacientii cu melanom.

Material si Metodd. Studiul a fost realizat pe o
perioada de 2 ani, avind la bazd monitorizarea a 64 pacienti
cu melanom in diferite faze de evolutie, 5 pacienti cu
melanozid precanceroasd circumscrisd Dubreuihl, 40
subiecti cu tumori nevice si 40 voluntari sandtosi.

Probele biologice (singe, urind, tesut tumoral/sinitos)
au fost prelevate inainte de inceperea tratamentului.
Determinarea dopaminei s-a ficut prin metoda ELISA.

Rezultate. Pacientii cu melanom prezintd un model
diferit al expresiei dopaminei comparativ cu celelalte
situatii clinice studiate. La acestia, s-a detectat o
concentrafie scazutd a dopaminei in plasma (48,2 + 16,1
pg/ml versus 58,5 + 25,3 pg/ml la control, respectiv 64,1 +
39,7 pg/ml in nevi si 53,6 = 21,8 pg/ml in melanoza
circumscrisi) si urind (148,5 + 91,6 ug/24 h versus 201,6
+160,7 ug/24 h la control, respectiv 207,4 + 147,8 ug/24 h
in nevi si 210,1 + 37,2 ug/24 h in melanoza circumscrisi).

Summary

Introduction. Recent reports explore the role of
cathecolamines in malignant cells proliferations and the
control of immune response in patients with neoplastic
disease. Epinephrine and norepinefrine overregulates
proangiogenic factors synthesis in malignant cells and
induce angiogenesis in tumoral tissues. Dopamine inhibits
angiogenesis by suppressing VEGF action in endothelial
cells. There were detected enzymatic systems in the skin
that assure the synthesis and degradation of cathecolmines
and of its correspondent receptors. Taking into account
these data, the aim of the study was to establish dopamine
profile in melanoma patients.

Material. Methods. The study was made during two
years based on the prospective analysis of 64 patients with
melanoma in different stages of evolution, 5 patients with
Dubreuihl melanosis, 40 individuals with nevi and 40
healthy subjects.

The biological samples (blood, urine collected in 24
hours) were taken before treatment. Dopamine
determination was made by ELISA method.

Results. Melanoma patients have a different model of
dopamine expression compared with other studied clinical
situations. In melanoma patients, dopamine has low
plasmatic values (48,2 + 16,1 pg/ml versus 58,5 + 25,3
pg/ml in control, respectively 64,1 + 39,7 pg/ml in nevi
and 53,6 = 21,8 pg/ml in circumscribed melanosis) and
urinary values (148,5+91,6ug/24h versus 201,6 = 160,7
ug/24 h in control, respectively 207,4 + 147,8 ug/24 h in
nevi and 210,1 + 37,2 ug/24 h in circumscribed melanosis).
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In plus, dopamina tisulard este mai abundentd in
proliferdrile benigne ale melanocitelor in comparatie cu
tesuturile maligne (712,0 + 81,5 pg/g proteind in nevi,
501,7 + 171,4 pg/g proteind in melanom, respectiv 602,7 +
106,1 pg/g proteind in fesutul sindtos peritumoral),
indicdnd implicarea acestein in proliferarea celulard.

Concluzii. Sciderea dopaminei tinde s se asocieze cu
stadiile avansate ale neoplaziei.

Aceste rezultate sustin ideea conform cdreia
catecolaminele sunt factori esentiali in dezvoltarea
tumorald, indeosebi in procesul de metastazare.

Cuvinte cheie: dopamind, angiogenezi, melanom.

In addition, tissue dopamine is higher in melanocytic
benign  proliferations — versus malignant  tissues
(712,0+81,5pg/g protein in nevi, 501,7+171,4 pg/g protein
in melanoma, respectively 602,7+106,1 pg/g protein in
peritumoral  healthy tissue) indicating dopamine
involvement in cellular proliferation.

Conclusions. The dopamine decrease tends to be
associated with advanced stages of neoplasia. These results
sustain the idea that cathecolamines are essential factors for
tumoral development, especially for metastasis.

Keywords: dopamine, angiogenesis, melanoma.
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Introducere

Angiogeneza este o manifestare frecventa in
cancerul cutanat. Principalii stimuli ai switchului
angiogenic sunt: hipoxia, pH scdzut, hipo-
glicemia, inflamatia. Multd vreme, interventia
sistemului nervos in reglarea neovascularizatiei
tumorale a fost privitd cu multd rezerva. In
prezent, recunoasterea impactului negativ al
stresului neurogen asupra progresiei tumorale a
condus la o evaluare atentd a rolului cateco-
laminelor asupra supravietuirii si proliferarii
celulelor tumorale. (1, 2, 3, 4, 5)

Catecolaminele reprezinta o clasd majord de
neuromediatori endogeni (1, 6, 7, 8, 9) sintetizati
din tirozina, cu interventia unor enzime (tirozin-
hidroxilaza, DOPA decarboxilazd, dopamin-beta-
hidroxilazd, N-metil-transferazad) si cofactori
enzimatici (tetrahidrobiopterina, O,, Fe?",
NADPH, piridoxal-fosfat, ascorbat, Cu?*, Ca?*, S-
adenozil-metionina).  Catecolaminele  sunt
sintetizate In neuronii catecolaminergici la nivel
cerebral, neuronii doapaminerigici si adrenergici
din retind, tesut cardiac, vascular, intestinal,
neuronii noradrenergici din ganglionii simpatici,
celule adrenergice si noradrenergice din
medulosuprarenald, leucocite. Catecolaminele,
complexate cu cromogranind A, Ca®* si ATP, sunt
stocate 1In vezicule localizate la nivelul
terminatiilor nervoase. Blocarea efectului cateco-
laminelor eliberate din terminatiile nervoase, se
realizeazd prin procesul de recaptare pre-, post- si
extrasinapticd prin mecanisme de transport activ
specifice pentru fiecare tip de catecolamind, prin
difuziune si metabolizare. Metabolizarea cateco-
laminelor se face prin intermediul a 2 enzime:

Introduction

Angiogenesis is a common manifestation in
skin cancer. The main stimuli of the angiogenic
switch are hypoxia, low pH, hypoglycemia,
inflammation. Long time, nervous system
intervention in tumor neovascularisation regu-
lation was seen with great reserve. Today,
recognizing the negative impact of neurogenic
stress in tumor progression, has led to a careful
evaluation of catecholamine role in survival and
proliferation of tumor cells (1, 2, 3, 4, 5).

Catecholamine are a major class of endo-
genous neuromediators (1, 6, 7, 8, 9) synthesized
from tyrosine with the intervention of some
enzymes (tyrosine-hydroxylase, DOPA decar-
boxylase, dopamine-beta-hydroxylase, = N-
methyl-transferase) and enzyme cofactors
(tetrahydrobiopterin, O,, Fe?*, NADPH,
pyridoxal-phosphate, ascorbate, Cu?*, Ca?*, S-
adenosyl-methionine). Catecholamines are
synthesized in cathecolaminergic neurons in the
brain, dopaminergic and adrenergic neurons in
retina, cardiac, vascular, and intestinal tissue,
noradrenergic neurons of sympathetic ganglia,
adrenergic and noradrenergic cells in medulo-
suprarenalian gland, leukocytes. Catecho-
lamines, complexed with cromogranin A, Ca?*
and ATP are stored in vesicles in nerve endings.
The effect of catecholamines blockage, released
from nerve endings, is achieved by pre-, post-
and extrasynaptic reuptake. The uptake process
is made by active transport mechanisms for each
type of catecholamine, by diffusion and
metabolism. Catecholamine metabolism is via
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MAO (monoaminoxidazd) si COMT (catecol-O-
metil-transferaza).

Cercetdrile efectuate cu agonisti si blocanti
specifici au permis descrierea a 4 subtipuri de
receptori adrenergici (02 care inhibd adenilat
ciclaza, ol care activeaza fosfolipaza C, 1 care
stimuleazd adenilat ciclaza, B2 care stimuleaza
producerea de cAMP) si 2 subtipuri de receptori
dopaminergici (D1 like —-D1, D5- care stimuleaza
adenilat ciclaza membranard cu acumulare de
cAMP si D2 like -D2,D3,D4 — care inhiba adenilat
ciclaza si reduc concentratia de cAMP). (5, 6, 7,
10). Caracteristicile si distributia receptorilor sunt
modificate in functie de varstd, alterari ale
proteinelor Gs sau Gi, variatii ale hormonilor
tiroidieni, estrogeni, progesteron, corticosteroizi,
diferite stdri patologice (boli cardiovasculare,
astm, alcoolism cronic, boli psihice, endocrino-
patii, boli neoplazice). (2,7, 8, 9)

Rapoarte recente exploreaza rolul cateco-
laminelor in proliferarea celulelor maligne si
controlul rdspunsului imun la pacientii cu boala
neoplazicd (2, 6, 11, 12, 13). Epinefrina si nore-
pinefrina supraregleaza sinteza unor factori
proangiogenici in celulele maligne si amplifica
angiogeneza in tesutul tumoral. In schimb,
dopamina inhibd angiogeneza prin supresia
actiunii VEGF 1n celulele endoteliale. Epinefrina
si norepinefrina, produse prin activarea axei
hipotalamo-hipofizo-adrenala si a sistemului
nervos simpatic adrenomedular (7), induc angio-
genezd tumorald prin: stimularea sintezei VEGF
(8, 14, 15), a MMP-2 si MMP-9 (15, 16, 17) si a IL6
(17, 18) in celule tumorale, celule endoteliale si
celule progenitoare endoteliale din madduva
osoasd (figura 1, figura 2). Dopamina, care
actioneazd prin intermediul receptorilor D2
situati in celulele endoteliale, reduce proliferarea
celulard prin inhibarea fosforilarii VEGF-R2,
MAPK, FAKC. in plus, dopamina inhibd mobi-
lizarea celulelor progenitoare endoteliale din
midduva osoasd prin modularea cdii de sem-
nalizare ERK1/ERK?2 (figura 1, figura 2). Prin
urmare, in conditii patologice, acesti neuro-
mediatori ar putea actiona ca un comutator
angiogenic in micromediul tumoral. De notat c3,
pacientii tratati cu betablocante au incidenta mai
micd de cancer (8,19,20). De asemenea, studii
clinice recente experimenteaza utilizarea ago-
nistilor dopaminergici in tratarea pacientilor cu
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two enzymes: MAO (monoamine oxidase) and
COMT (catechol-O-methyl-transferase).

Research performed with specific agonists
and blockers of dopamine allowed the
description of four subtypes of adrenergic
receptors (0.2 inhibit adenylate cyclase, ol
activate phospholipase C, 1 stimulate adenylate
cyclase, B2 stimulate the production of cAMP)
and two subtypes of dopaminergic receptors (D1-
like -D1, D5 — stimulate membranous adenylate
cyclase, and so, with cAMP accumulation, and
D2 like receptors- D2, D3, D4- inhibit adenylate
cyclase and reduce cAMP concentration)
(5,6,7,10). The characteristics and distribution of
receptors are modified by age, Gs or Gi protein
alterations, variations of thyroid hormone,
estrogen, progesterone, corticosteroids, various
pathological conditions (cardiovascular disease,
asthma, chronic alcoholism, mental illness,
endocrinopathies, neoplastic diseases) (2, 7, 8, 9).

Recent reports explore the role of cate-
cholamines in malignant cell proliferation and in
control of immune response in patients with
neoplastic disease (2, 6, 11, 12, 13). Epinephrine
and norepinephrine adjust the synthesis of
proangiogenic factors in malignant cells and
enhance angiogenesis in tumor tissue. In
contrast, dopamine inhibits angiogenesis by
suppressing VEGF action in endothelial cells.
Epinephrine and norepinefrine produced by
activating the hypothalamic-pituitary-adrenal
axis and adrenomedullar sympathetic nervous
system (7), induce tumoral angiogenesis by:
stimulating the synthesis of VEGF (8, 14, 15),
MMP-2 and MMP-9 (15, 16, 17) and IL-6 (17, 18)
in tumoral cells, endothelial cells, endothelial
progenitor cells from bone narrow (figure 1,
figure 2). Dopamine, which acts through D2 like
receptors, reduces cells proliferation by inhibiting
VEGF-R2, MAPK, FAKC phosphorylation. In
addition, dopamine inhibits endothelial
progenitor cell mobilization from bone marrow
by modulating the ERK1/ERK2 signaling
pathway (Figure 1, Figure 2). Therefore, in
pathological conditions, these mediators could
act as an angiogenic switch in tumor
microenvironment. Note that, in patients treated
with beta-blockers the incidence of cancer is
lower (8, 19, 20). Also, recent clinical studies
evaluated the use of dopamine agonists in
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afectiuni neoplazice, (19, 20, 21) in care angio-
geneza joacd un rol patogenic important. (17, 22).
In mod cert, accesibilitatea dopaminei la
receptorii sdi, determind modificari functionale in
controlul progresiei tumorale si metastazarii, insa
mecanismele prin care 1si exercitd aceste efecte nu
sunt pe deplin elucidate.

Scopul

Scopul studiului este:

- analiza expresiei dopaminei, plasmatice si
urinare, la pacientii cu melanom inainte de
initierea tratamentului, comparativ cu
expresia dopaminei la subiectii cu leziuni
preneoplazice ale melanocitelor (melanoza
precanceroasd circumscrisd Dubreuihl),
respectiv, leziuni benigne ale melanocitelor
(nevi nevocelulari, nevi displazici) si
subiecti de control, sdnatosi.

- determinarea expresiei tisulare a dopa-
minei (melanom, nevi, tesut sdnatos
peritumoral). Acest studiu a fost conceput
pentru a examina un posibil rol al
dopaminei in diagnosticul timpuriu,
prognosticul sau monitorizarea evolutiei
pacientilor cu melanom. In acest context,
rezultatele prezentului studiu ar putea
imbunatdti intelegerea fiziopatologiei
melanomului si ar putea facilita abordarea
unor noi strategii terapeutice.

Material si Metoda

Studiul a fost realizat pe o perioada de 2 ani
avand la bazd analiza prospectiva a 64 bolnavi cu
melanom in diferite faze de evolutie (39 femei, 25
barbati, cu varste cuprinse intre 28 si 84 ani), 5
pacienti cu melanozd Dubreuihl (4 femei, 1
bérbat, cu varsta cuprinsa intre 36 si 61 ani), 40
persoane cu nevi (24 femei, 16 barbati, cu varste
intre 26 si 89 ani) si 40 subiecti sdnatosi (24 femei,
16 barbati, cu varste cuprinse intre 27 si 81 ani).

Au fost exclusi din studiu pacientii cu
afectiuni digestive, endocrinopatii, hipertensiune
arteriala, afectiuni hepatice, insuficientd renala
cronicd, astm, boli mieloproliferative, neoplazii,
afectiuni neurologice, boli psihice, alcoolism
cronic, infectii/inflamatii cronice, femei insar-
cinate, pacienti cu tratament hormonal,
antidepresiv, antioxidant, blocanti ai receptorilor

10

treating patients with neoplastic disease, (19, 20,
21), in which angiogenesis plays an important
role (17, 22). Certainly, the availability of
dopamine for its receptors, cause functional
changes in the control of tumor progression and
metastasis, but the mechanisms by which they
exert these effects are not fully elucidated.

Purpose

The purpose of the study:

- the analysis of plasmatic and urinary
dopamine expression, in patients with
melanoma before treatment, compared
with dopamine expression in subjects with
preneoplastic lesions of melanocytes
(precancerous circumscribed Dubreuihl
melanosis), respectively benign lesions of
melanocytes (nevocellular nevi, dysplastic
nevi) and healthy control subjects.

- the determination of tissue dopamine
expression (melanoma, nevi, peritumoral
healthy tissue). This study was designed to
examine a possible role of dopamine in
early diagnosis, prognosis or monitoring
the patients with melanoma. In this
context, the results of this study could
improve understanding of melanoma
pathophysiology and could help to
establish new therapeutical strategies.

Matherial and Methods

The study was made during two years based
on the prospective analysis of 64 patients with
melanoma in different stages of evolution (39
women, 25 men, aged between 28 and 84 years),
5 patients with Dubreuihl melanosis (4 women, 1
male, aged between 36 and 61 years), 40
individuals with nevi (24 women, 16 men, aged
between 26 and 89 years) and 40 healthy subjects
(24 women, 16 men, aged between 27 and 81
years). There were excluded from the study
patients with digestive diseases, endo-
crinopathies, hypertension, liver disease, chronic
kidney disease, asthma, myeloproliferative
diseases, cancer, neurological disorders, mental
illness, chronic alcoholism, chronic infec-
tion/inflammation, pregnant women, patients
with hormone treatment, antidepressant,




dopaminerigici, inhibitori de MAO. Pacientii au
fost inclusi in studiu dupd semnarea consimta-
mantului liber informat conform Declaratiei de la
Helsinki.

Pentru monitorizarea pacientilor, s-au efec-
tuat urméatoarele investigatii:

- determinari hematologice si biochimice

(metode standardizate de analizd);

- determinarea dopaminei (metoda ELISA);

- teste pentru hemoliza: (LDH, bilirubina

indirectd, test Coombs);

- reactanti de fazd acutd (VSH, firbinogen,

CRP).

Probele biologice (sdnge, urina colectata in 24
ore) au fost prelevate inainte de inceperea
tratamentului. Fragmentele tisulare prelevate au
fost supuse extractiei cu tampon fosfat salin (1:10)
si concentratia dopaminei tisulare s-a exprimat
prin pg/g proteina (proteina fiind determinata
prin metoda Lowry).

Toate rezultatele au fost prelucrate statistic si
au fost prezentate prin valoare medie + deviatie
standard (DS). Grupurile de studiu au fost
comparate prin testul t Student. Interpretarea
statistica s-a facut in concordanta cu pragul de
semnificatie acceptat de comunitatea stiintifica
internationala (p<0,05).

Rezultate

Valorile plasmatice ale dopaminei prezentate
in tabelul 1 au fost exprimate diferentiat prin
valoarea medie + DS pentru loturile luate in
studiu. Din analiza datelor obtinute, s-a observat
o crestere a dopaminei fata de control de 1,09 ori
la persoanele cu leziuni benigne ale melano-
citelor si o reducere de 0,91 ori la persoanele cu
leziuni precanceroase, respectiv, de 0,82 ori la
pacientii cu melanom. Modificdrile observate in
nivelul dopaminei plasmatice la pacientii cu
leziuni melanocitare versus control au fost
nereprezentative din punct de vedere statistic
(figura 3 a).

Valorile urinare ale dopaminei au indicat o
crestere fatd de control de 1,03 ori la persoanele
cu tumori benigne, de 1,04 ori la persoanele cu
melanoza Dubreuihl si o reducere de 0,74 ori la
pacientii cu melanom (figura 3 b). Din analiza
datelor rezultate, s-a constatat cd scdderea cea
mai severd a dopaminei urinare s-a inregistrat la
pacientii cu melanom fata de control, ceea ce se
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antioxidants, dopaminergic receptors blockers,
MAQO inhibitors. Patients were included in the
study, after signing the informed consent,
according to the Declaration from Helsinki.

The following investigations were made?? for
monitoring the patients:

- hematological and biochemical deter-

minations (standard methods of analysis);

- the determination of dopamine (ELISA

method);

- tests for hemolysis (LDH, indirect bili-

rubin, Coombs test);

- acute phase reactants (ESR, fibrinogen,

CRP).

The biological samples (blood, urine collected
in 24 hours) were taken before treatment. Tissue
fragments obtained were analyzed by extraction
with PBS (1:10) and dopamine concentration, was
expressed by pg/g protein (protein assesed by
Lowry method).

All results were statistically processed and
presented by mean + standard deviation (SD).
The study groups were compared by t Student
test. The statistical interpretation was made in
accordance with the significance limit accepted
by the international scientific community (p
<0.05).

Results

Plasma levels of dopamine shown in table 1
were expressed by the mean + SD for the groups
in the study. The analysis of the obtained data,
showed an increase of dopamine versus control
of 1.09 times in people with benign lesions of
melanocytes and a decrease of 0.91 times in
people with precancerous lesions, respectively, of
0.82 times in patients with melanoma. Changes
observed in dopamine levels in patients with
melanocytic lesions versus control had no
statistical significance (figure 3a).

Urinary dopamine indicated an increase
compared to control of 1.03 times in people with
benign tumors, 1.04 times in people with
Dubreuihl melanosis and a reduction of 0.74
times in patients with melanoma (Figure 3b).
Analyzing these results, it was shown that the
most severe loss of urinary dopamine occurred in
patients with melanoma compared to control,
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soldeaza cu o diferentd semnificativa din punct
de vedere statistic (p < 0,05).

Modificarea dopaminei in tesuturile tumo-
rale versus control (tabelul 2) este in concordanta
cu datele prezentate anterior, care reprezintd un
argument in favoarea observatiei cu reducerea
expresiei dopaminei in micromediul tumoral se
asociazd cu progresia maligna. S-a observat o
crestere de 1,18 ori a dopaminei in tumorile
benigne fatd de control (p>0,05) si o reducere de
0,83 ori in melanom semnificativ statistic fatd de
control (p < 0,05) (figura 3 c).

Discutii

Pe baza datelor experimentale obtinute in
studiul prezent, se poate constata o tendinta
generald de scddere a dopaminei in boala
neoplazicd. Concentratia dopaminei plasmatice
are o evolutie asemdndtoare cu a dopaminei
urinare si tisulare (tabel 1 si tabel 2). Raportat la
control, nivelul dopaminei creste in tumori
melanocitare benigne (figura 3 a, b, c), probabil in
incercarea de a compensa efectele factorilor
proangiogenici supraexprimati in cancer. Pe
parcursul procesului de transformare maligna,
dopamina scade treptat, ceea ce sugereazd ca
factorii antiagiogenici fac fatd din ce in ce mai
greu efectelor proangiogenice. In momentul in
care sistemul antiangiogenic este depasit,
echilibrul se rupe, si are loc formarea de vase de
sange anormale cu permabilitate crescuta.
Utilizarea dopaminei in controlul angiogenezei
tumorale deschide o noud cale de cercetare in
terapia antitumorald. In prezent, este bine stabilit
cd terapia antiangiogenicd poate Intarzia dez-
voltarea si progresia tumorilor maligne. (2, 3, 4, 6,
13,22.)

Diferite studii, au demonstrat cd admi-
nistrarea dopaminei inhiba cresterea in diferite
tipuri de cancere (gastrice, ovarian, de san, de
colon, mielom) (2, 3, 4, 6, 13, 23). In cancerul
gastric, valorile endogene ale dopaminei in
tesutul tumoral au fost semnificativ mai scazute
decét in tesutul normal. (5, 6) Dopamina are efect
direct antiangiogenic. In toate modele animale,
tratamentul cu dopamina a condus la o reducere
semnificativd a tumorii. Dopamina blocheaza
proliferarea, migratia tumorald si permeabilitatea
vasculard VEGF-indusa (3, 14, 23, 24).
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which translates into a statistically significant
difference (p <0.05).

The changes of dopamine in tumoral tissue
versus control (table 2) were in accordance with
data presented above. This data sustain the idea
that, reducing the expression of dopamine in the
tumor microenvironment is associated with
malignant progression. It was found a dopamine
increase of a 1.18-fold in patients with benign
tumors compared to control (p> 0.05) and 0.83
times reduction in melanoma statistically signifi-
cant compared to control (p <0.05) (figure 3 c).

Discussions

Based on experimental data obtained in the
present study, we can observe a general decrease
of dopamine in neoplastic disease. Plasma
dopamine concentration has a similar evolution
with urinary and tissue dopamine (table 1 and
table 2). Compared to control, dopamine levels
increase in benign melanocytic tumors (figure 3 a,
3 b, 3 ¢), probably in an attempt to offset the
effects of proangiogenic factors, overexpressed in
cancer. Dopamine decreases gradually during the
process of malignant transformation, suggesting
that antiangiogenic factors cope harder and
harder to proangiogenic effects. When anti-
angiogenic system is exceeded, the balance is
broken, and so, appear abnormal blood vessels
with increased permeability. The use of
dopamine for research in controlling tumor
angiogenesis opens a new path in antitumoral
therapy. It is now, well established, that
antiangiogenic  therapy can delay the
development and progression of malignant
tumors (2, 3, 4, 6, 13, 23).

Various studies have demonstrated that
administration of dopamine inhibits the growth
of various cancers like gastric, breast, ovarian,
colon tumors and mieloma (2, 3, 4, 6, 13, 23). In
gastric cancer, the endogenous levels of
dopamine in tumor tissue, were significantly
lower than in normal tissue.(5,6) Dopamine has
direct antiangiogenic effect. In all animal models,
treatment with dopamine determined a
significant reduction of the tumor. Dopamine
blocks the proliferation, migration and
tumor VEGF-induced vascular permeability (3,
14, 23, 24).
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Tabel 1. Concentratia dopaminei, in plasma si urind, la pacienti cu proliferdri melanocitare si control

Conditii Nr cazuri Dopamind ) Sem‘ni‘fifatie Dopamina Senfm.iﬁcuatie
i (n) (pg/ml plasma) statistica (p) (ug/24h) statisticad (p)
Control 40 58,8+25,3 - 201,6+160,7 -
Tumori benigne 40 64,1+39,7 >0.05 207,4+147,8 >0.05
Leziuni precanceroase 5 53,6+21,8 >0.05 210,1+37,2 >0.05
Melanom 64 48,2+16,1 >0.05 148,5+91,6 0.0382

Table 1. Dopamine concentration, in plasma and urine, in patients with melanocytic proliferations and control

Conditions Cases Dopamine ) St.a.tistical Dopamine ) St'a‘tistical
(n) (pg/ml plasma) significance (p) (ug/24h) significance (p)
Control 40 58,8+25,3 - 201,6+160,7 -
Benign tumors 40 64,1+39,7 >0.05 207,4+147,8 >0.05
Precancerous Lesions 5 53,6+21,8 >0.05 210,1+£37,2 >0.05
Melanoma 64 48,2+16,1 >0.05 148,5+91,6 0.0382

Tabel 2. Concentratia dopaminei in leziuni melanocitare si tesut normal peritumoral

Conditii Nr cazuri Dopamir}a Semnificatie statistica
(n) (pg/g proteina) (p)
Tesut sanatos 7 602,7+106,1 -
Nevi 4 712,0+81,5 >0.05
Melanom 8 501,7+171,4 0.0496
Table 2. Dopamine concentration in melanocytic lesions and peritunoral normal tissue
Conditions Cases Dopamin.e Statistical significance
(n) (pg/g protein) (p)
Healthy tissue 7 602,7+106,1 -
Nevi 4 712,0+81,5 >0.05
Melanoma 8 501,7+171,4 0.0496

Alte studii au aratat cd dopamina care
actioneaza pe receptorii D2 like imbunétateste
endocitoza si scade expresia membranard a
VEGE-R2 (14, 22). In plus, fata de efectele sale
asupra celulelor endoteliale mature, s-a dovedit
cd dopamina blocheazad cdile de semnalizare in
celulele endoteliale progenitoare si recrutarea
acestora din maduva osoasd. Valorile dopaminei
sunt sciazute in maduva osoasd a soarecilor cu
tumori, astfel incat eliberarea acestora nu mai
este blocatd, iar ele ajung in circulatia sistemica.
Date recente, sustin ipoteza conform cdreia
celulele endoteliale progenitoare sunt implicate

14

Other studies have shown that dopamine
stimulates D2 receptors, improves endocytosis
and decreases membrane expression of VEGF-R2
(14, 22). In addition to its effects on mature
endothelial cells, dopamine blocks the signaling
pathways in endothelial progenitor cells from
bone marrow and their recruitment. The levels of
dopamine in the bone marrow of tumor mice are
low. Their release is not blocked and they get into
systemic circulation and become ready for
neovascularization. Recent data support the
hypothesis that endothelial progenitor cells are
involved in neoangiogenesis. Dopamine in the




in neoangiogenezd. Astfel, in angiogeneza dopa-
mina din maduva osoasd este supresata. (12, 23)

Dopamina este un factor inhibitor endogen al
angiogenezei, care necesitd inactivare pentru
progresia si metastazarea tumorald. Ablatia
nervilor periferici dopaminergici a crescut semni-
ficativ angiogeneza, densitatea vaselor sangvine,
permeabilitatea vasculara si ritmul de crestere al
melanomului B16 la soareci. (5) Astfel, agonisti ai
receptorilor dopaminergici pot deveni tinte
terapeutice in tratamentul antiangiogenic al
cancerului.

Concluzii

Rezultatele obtinute in acest studiu sprijina
ipoteza cd stresul psihologic poate influenta
progresia melanomului cutanat prin modularea
expresiei factorilor proangiogenici si prometa-
statici. Este important de mentionat faptul cd, in
acest studiu, s-au analizat diferite tipuri de
proliferdri melanocitare (nevi, melanoza pre-
canceroasd, melanom primar, melanom meta-
static) si s-a constatat ca reducerea dopaminei se
asociaza cu stadii avansate ale neoplaziei.
Valoarea dopaminei in controlul melanomului
deschide o noud cale de cercetare in terapeutica.
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bone marrow is suppressed during neovessels
formation (12, 23).

Dopamine is an endogenous inhibitory factor
of angiogenesis, which requires inactivation for
tumor progression and metastasis. Ablation of
dopaminergic peripheral nerves increased
significantly angiogenesis, the density of blood
vessel, vascular permeability and the progression
of B16 melanoma in mice (5). Thus, dopamine
receptor agonists may become therapeutic targets
in antiangiogenic treatment of cancer.

Conclusions

The results obtained in this study sustain the
idea that psychological stress can influence the
progression of cutaneous melanoma by
modulating proangiogenic and prometastatic
factors expression. It is important to mention,
that in our study, we analyzed different types of
melanocytic proliferations (nevi, precancerous
melanosis, primary melanoma, metastatic
melanoma). The conclusion was that dopamine
decrease is associated with the development of
neoplastic disease. The use of dopamine in
controlling melanoma offers a new insight in
therapeutics.
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