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INTRODUCTION

Infantile hemangiomas are frequent benign vascular tumors of the pediatric
population. Their 3-phase pattern of evolution with proliferation, involution and
ivoluted phase is the reason why the majority do not need treatment. However, a small
proportion need therapy due to their potential life-threatening or disfiguring risks, or
due to complications. The decision whether to treat or not to treat, and more so, what
kind of treatment to use, is in some cases a difficult one, and this is why these patients
need proffesional care. Risk factors in developing hemangiomas are multiple and
several studies have shown their involvement in developing hemangiomas, such as
maternal, pregnancy and birth risk factors .

In our compartment of pediatric onco-hematology, located in the Pediatric Clinic
2, in Cluj-Napoca, this kind of tumors have been treated for several decades now, and
our experience in treating hemangiomas grows with every patient. Our first
retrospective study observed the situation of the patient population consulted in our
department, in order to compare results to literature data, regarding risk factors,
clinical data, treatment approach and outcome. In 2008, Leaute-Labreze discovered
the high efficacy of Propranolol and its low risk of mostly mild adverse effects, and
since then this has been used worldwide. In some situations propranolol cannot be
used, to the subiacent patient pathology and in other situations more aggressive
therapy is needed. This is why studies need to be performed in order to discover
potential targeted-therapies for infantile hemangiomas.

Our second study was performed on two types of cell cultures, human umbilical
vein endothelial cells, which are similar to the endothelial cells found in infantile
hemangiomas (HUVEC), in comparison to fibroblasts (B]), cells present in the
sustaining tissue of hemangiomas. We compared propranolol’s efficacy on both cell
types to vincristine, and we also added a third agent, an anti- VEGF inhibitor,
bevacizumab. We compared the cytotoxic effects and the ability to induce apoptosis of
the three agents in monotherapies and combined treatments two by two, and all three
together in order to achieve the best effect.

Our third study is based on the transfection of the GLUT-1 marker, which is
pathognomonic in infantile hemangioma tissue, on HUVECs cell lines and B]Js in order
to mimic an in vitro hemangioma. All studies are tested on both cell types, wild-types
and GLUT-1 positive cells. We tested the inihibition of proliferation, the inhibition of
secretion of VEFG-A and FGF2 levels with single therapies and combination therapies
of propranolol, vincristine and bevacizumab. Co-cultures of HUVEC and BJ cells,
transfected and untransfected, were formed, and their behavior was analyzed without
treatment and with all the therapy associations of the three drugs.

The thesis below gathers clinical studies with fundamental research studies, and
intends to uncover potential mechanisms of actions of drugs already in use, and of
drugs not yet approved, but which might be useful in infantile hemangioma therapy in
the future.



PERSONAL CONTRIBUTIONS

1. Aims

Aim 1. Retrospective analysis of risk factors, clinical data and treatment
approach

This study analyses and compares the known risk factors, clinical aspects and
therapy options in infantile hemangiomas of the general population with the
population treated in our hospital since the discovery of propranolol’s efficacy.

Aim 2. Apoptosis induction of propranolol, compared to vincristine and
bevacizumab, and to combination of treatments in cell cultures similar to
hemangiomas, such as HUVEC and B]Js.

This study aimed to outline the apoptotic effect of propranolol on hemangioma-
like cells, and compare its efficacy to vincristine and bevacizumab. The aim of
combination treatments was to assess if there is a greater efficacy on tumor cell
apoptosis in comparison to single therapy, options that could benefit patients with
resistant or life-threatening hemangiomas.

Aim 3. Analysis of the mechanisms of action of single and combined effects
of propranolol, vincristine and bevacizumab on an in vitro hemangioma-model.

This study used HUVEC and B]Js cell culture that were transfected with the
hemangioma marker GLUT-1 in order to create an in vitro hemangioma-model. Studies
were performed with single and combined therapies of the three drugs mentioned
above and their effects on decreasing VEGF and FGF secretion, was assessed. We also
tested vincristine and bevacizumab for apoptosis induction in both untransfected and
transfected cells.

The general aim of the present thesis was to outline the mechanisms of action of
several treatments, and to find target-therapies in infantile hemangiomas.

All the studies were performed according to the ethical and deontology
regulations of scientific research, and were previously approved by the ethics
committee of the University of Medicine and Pharmacy “luliu Hatieganu”, Cluj-Napoca.

Study two and study three were supported by the framework of PCD 2016, a
research funding project of the university. The studies were conducted at the Tumor
Biology Department of the Oncology Institute “Prof. Dr. lon Chiricuta”, Cluj-Napoca,
and at the Research Center for Functional Genomic, Biomedicine and Translational
Medicine of the University of Medicine and Pharmacy “luliu Hatieganu”, Cluj-Napoca.

The results were published in medical journals and presented in medical
conferences.



2. Study 1. Risk factors, clinical data and treatment
approach. A retrospective study.

2.1. Introduction

Infantile hemangiomas occur in 4-10% of infants. These are benign vascular
tumors that have a 3-phase pattern of evolution: proliferation, involution and
involuted. Several trigger factors have been described, but the most potent one seems
to be hypoxia. This leads to the secretion of VEGF inducing angiogenesis. Several risk
factors have been outlined such as female gender, premature babies, and low-birth-
weight infants, pregnancies in older women, preeclampsia and placenta praevia. Head
and neck are mostly involved. Only 10% of infantile hemangiomas need therapy due to
complication or life-threatening risks. In 2008 propranolol has been proved efficient,
and since then it has been used worldwide. Nowadays, propranolol is the first choice
for treating infantile hemangiomas, whereas in more severe, or non-responsive
hemangiomas other options, such as vincristine, interferon or lasertherapy, can be
used.

This study shows the experience of Pediatrics Clinic II, from Cluj- Napoca,
Romania.

2.2. Material and method

We conducted a retrospective study between January 2008 and December 2014
on patients with infantile hemangiomas treated in our clinic. The inclusion criteria
consisted of the diagnosis of infantile hemangiomas, either complicated or not, in
patients under 18 years, that required or not therapy. Patients with other vascular
tumors or malformations were excluded.

2.3. Results and conclusions

Thirty-six patients with infantile hemangiomas were included. A higher number
of females, with a median age of 6 months at diagnosis was described. None of the risks
factors analyzed in our population showed to have a great impact on hemangioma
development, but the majority of patients had at least one risk factor, and more than
half presented associated risk factors. More so, none of the risk factors showed to
influence the development of hemangiomatosis, or their treatment resistance. Our
study did not show any influence of older maternal age on the development of infantile
hemangiomas. Head and neck areas were the mostly involved, the majority of cephalic
hemangiomas needed treatment, mostly due to the risk of complications.

Propranolol was the treatment that was most frequently used. The second
option was prednisone and therapy with vincristine, lasertherapy and interferon were
chosen only in patients who needed a more aggressive approach, or who have failed to
respond to prior treatments.



3. Study 2. Citotoxicity and apoptosis induction of
single- and combined treatment with propranolol,
vincristine and bevacizumab, on human endothelial cells
and fibroblasts.

3.1. Introduction

Infantile hemangiomas are built up mostly by endothelial cells, but they also
include mast cells, perycites and fibroblasts, as well as stromal components.

The mechanism of drugs already in use for infantile hemangiomas are currently
studied globally. Propranolol and vincristine both are known to induce hemangioma
involution. Propranolol acts by vasoconstriction, blocking proangiogenic signals and
inducing apoptosis, while vincristine acts as a direct cytotoxic agent.

Bevacizumab is a humanized monoclonal antibody, that inhibits angiogenesis by
inhibiting the action of VEGF. Infantile hemangioma therapy with bevacizumab has not
yet been studied in detail.

The present study aims to evaluate the effects of propranolol on human
umbilical vein endothelial cells (HUVECs) and BJ human normal fibroblasts (B]s).
Furthermore, we also studied the effects of vincristine and bevacizumab as
monotherapies, and in combination with propranolol.

3.2. Material and methods

Cell cultures. HUVECs were cultured in Endothelial Cell Growth medium and BJs
were cultured in Eagle’s Minimum Essential medium.

Drug preparations. Serial dilutions of propranolol, vincristine and bevacizumab
were obtained. Furthermore, different propranolol concentrations were coupled with
subcytotoxic concentrations of vincristine, or bevacizumab.

Cytotoxicity measurements. Apoptosis induction. Citotoxicity of the propranolol,
vincristine and bevacizumab, in monotherapy and in combinations was measured. In
order to asses the citotoxicity we used MTT or 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide dye analyses. The values of absorbance which resulted,
were used to calculate the half inhibitory concentration (ICso) values. The count of
apoptotic and necrotic cells in both cell cultures was made using flowcytometry using
the Alexa Fluor 488 Annexin V/propidium iodide (PI) Apoptosis kit.

Statistical analysis. We used GraphPad Prism5. [Cso values were determined as
the mean * standard deviation. We used one-way analysis of variance and Dunnett’s
multiple comparison test to compare cell growth rates. Comparisons to untreated cells
were made by one-way analysis of variances followed by Bonferroni post-hoc tests
using a 95% CIl. A nonparametric Spearman correlation test was used for the
correlation between early apoptotic cells, late apoptotic cells and dead cells, with a
95% CI. Significant statistic results were considered those with a p <0.05.



3.3. Results and conclusions

Propranolol inhibits cell growth in HUVECs and BJs in a dose-dependent
manner. The addition of subcytotoxic concentrations of vincristine and bevacizumab to
propranolol, increased cell growth inhibition in both HUVECs and B]Js.

Bevacizumab, proved to have the weakest effect on both HUVECs and BJs, but
the association of bevacizumab with vincristine importantly increased apoptosis.

In both BJs and HUVECs vincristine, as a single agent, has been shown to be the
most effective. Propranolol had the second best efficacy. Combination treatment with
bevacizumab plus vincristine was superior to that of propranolol plus vincristine.

Vincristine combined with bevacizumab proved to increase the number of
apoptotic cells in HUVECs, in comparison with the triple therapy. However, triple
therapy proved to be the most efficient in BJs, leading to the highest level of apoptosis.

We noticed a marked synergism of the combination of propranolol, vincristine
and bevacizumab on both HUVECs and B]Js. Triple therapy was the most efficient in
inducing apoptosis in BJs, but the double-combination treatment of vincristine plus
bevacizumab was more efficient on HUVECs.

4. Study 3. Effects of antiangiogenic drugs on an in
vitro hemangioma-model

4.1. Introduction

Hemangiomas form from endothelial cells and pericytes, which proliferate and
build immature vessels. Once involution starts, these vessels start to maturate and
fibroblasts, fatty tissue and connective tissue replace them.

Our study develops an in vitro hemangioma-model by transfecting HUVECs with
the molecular marker of hemangiomas, namely GLUT-1. It further analyzes the ability
of propranolol, vincristine and bevacizumab to induce the inhibition of proliferation
and the secretion of VEGF-A and FGF-2, on both wild-type and transfected HUVECs and
BJs, as well as on transfected their co-cultures.

4.2. Material and methods

Cell cultures. Transfection with GLUT-1 and stable selection. For HUVEC cell line
we used RPMI-1640 medium and for the B]J cell line we used MEM. Plasmid midipreps
for transfections were prepared using ZymoPURE II Plasmid Midiprep Kit. For the
transfected cells we used Geneticin G418 as the selection antibiotic, the pcDNA3.2/v5-
DEST hGlutl construct harbors the NeoR selection marker, which provides resistance
to G418. Cells were transfected with 3pg plasmid DNA / 3ul ViaFect transfection
reagent.

Fluorescent labeling of endothelial cells and fibroblast. Red PKH26 fluorescent
dye was used to label HUVEC and HUVECcLut-1 cells. For the BJs and BJcrut-1 cells we
used the green Vybrant DiO fluorescent dye.



Tissue mimiking co-cultures of HUVEC and BJ cells. Confocal microscope analysis of
co-cultures. In vitro co-cultures were obtained in order to study the heterotypic
interactions of HUVECs and BJs. We observed the cells under a fluorescence confocal
microscope.

Drug preparation. Evaluation of the antiproliferative effect. Evaluation of soluble
VEGF-A and FGF-2 with ELISA method. Serial dilutions of propranolol, vincristine and
bevacizumab were obtained. Combination treatments were also wused. The
antiproliferative effect was tested using the Alamar Blue cell viability reagent. The
evaluation of the level of VEGF-A was made by using the Human VEGF-1 Pikokine Elisa
Kit. The evaluation of the secreted FGF-2 was made by using the FGF-Basic Human
OmniKine ELISA Kit.

4.3. Results and conclusions

The ratio of HUVEC: BJ decreased in co-cultures, being compatible with a
treatment-induced involution of the hemangioma. In comparison to wild-type co-
cultures, HUVECqLut-1 cells had the tendency to spread more on the culture plate.
Vincristine turned out to be the most effective, followed by bevacizumab in both co-
culture types.

HUVEC and HUVECcLur-1 cells’ proliferation was inhibited especially by the
association of vincristine and bevacizumab, and the triple therapy. In BJs the
combination therapies of bevacizumab plus vincristine or propranolol and the triple
therapy were more efficient. BJcLur-1 treated cells were mostly inhibited by the
combination of vincristine plus bevacizumab. Both treated wild-type and transfected
co-cultures were more inhibited when bevacizumab was used. In transfected co-
cultures, the single treatment more potent than bevacizumab was the triple therapy.

HUVECs secretion of VEGF-A was equally influenced by vincristine and
bevacizumab. Triple therapy was the best option. In B] cells propranolol plus
bevacizumab had a similar efficacy to triple therapy. HUVECcLut-1 cells secretion of
VEGF-A was reduced mostly by bevacizumab. BJcrut-1 cells was mostly influenced by
bevacizumab, and by its combination with vincristine or propranolol.

In co-cultures of HUVEC+B] and HUVECcLut-1 and BJ bevacizumab was the best
agent, and the combination of bevacizumab plus vincristine was the best option.
Propranolol with either bevacizumab or vincristine in transfected cells worked better
than in untransfected cells.

In HUVECcLut-1 cultures FGF-2 inhibition was influenced by all therapy types. B]
cells’ secretion of FGF-2 was mostly influenced by bevacizumab and by its combination
with vincristine. In co-cultures of HUVEC+B] bevacizumab and combination treatment
with bevacizumab were more efficient. Triple therapy had the best effect. In
HUVECcLut-1+B] co-cultures vincristine and bevacizumab as monotherapies, and their
association was the best in combination treatment

In HUVEC cells only propranolol plus vincristine and the triple therapy seemed
to inhibit FGF-2 secretion compared to HUVECcLur-1.



5. General conclusions

o Infantile hemangiomas need at least one risk factor to develop.

o Complication risks are the leading reason for treatment.

o There is a marked synergism of the combination of propranolol,
vincristine and bevacizumab on HUVEC and B]J cells.

o The double-combination treatment of vincristine plus bevacizumab was
more efficient on inducing apoptosis HUVECs.

o Triple therapy with propranolol, vincristine and bevacizumab was the
most efficient in inducing apoptosis in B]Js.

o HUVECcLut-1 behave more similar to infantile hemangioma endothelial
cells.

o Bevacizumab was an efficient therapeutical agent in monotherapy, both

in promoting apoptosis and in reducing VEGF-A and FGF-2 on the in vitro hemangioma
model.

o The association of vincristine and bevacizumab, as well as the triple
therapy were the most effective in almost all mechanisms of induction studied

6. The originality and innovative contributions of the

thesis

The originality of this thesis resides in the fact that these kind of studies have
not been performed in our country at all, and internationally there are no studies that
have been performed on the exact cell type with the exact method that was used in our
paper.

In our first study we showed that it is often necessary to gather more than one
risk factor, in order to develop an infantile hemangioma. Our population developed
hemangiomas mostly in the head and neck area, and treatment was offered to those
with complication risks. We used propranolol as the first-line treatment.

The second study evaluated the effects on apoptosis of HUVEC and BJ cells
treated with propranolol and vincristine. This is one of the few studies worldwide that
includes bevacizumab, an anti-VEGF inhibitor, used in comparison to the other two
drugs. This study also combines the drugs in order to discover the most effective
combination therapy that could lead to apoptosis, and therefore to tumor involution.

Our third study is, to our knowledge, the first study that obtains an in vitro
hemangioma-model, by transfecting the GLUT-1 marker into HUVEC and BJ cells. More
so, we grew both cell types, either transfected or untransfected, into co-cultures, and
analyzed their behaviour to different therapy combinations. We used propranolol,
vincristine and bevacizumab, as single options and as combined therapies and
compared their effects on proliferation inhibition. Furthermore, we analyzed their
influence on the secretion of growth factors, such as VEGF and FGF.

This thesis could be a basis for more specific studies, maybe directly on
hemangioma tissues, with target-therapeutical agents, and might lead to drug
repurposing in infantile hemangiomas. The model developed could be a basis for
further studies, where tumor biopsy cannot be obtained.
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INTRODUCERE

Hemangioamele infantile sunt tumori vasculare benigne intilnite frecvent in
populatia pediatrica. Evolutia lor caracteristica in 3 faze, reprezentate de proliferare,
involutie si faza involuatd, este motivul pentru care majoritatea pacientilor nu necesita
tratament. Totusi, 0 mica proportie necesitd terapie datorita riscurilor de desfigurare
si a riscurilor vitale, respectiv datorita complicatiilor. Decizia de a trata sau nu,
respectiv ce tip de terapie este necesara, este in unele cazuri una dificila si, de aceea,
acesti pacienti necesita Ingrijire de specialitate. Factorii de risc pentru dezvoltarea
hemangioamelor sunt multipli si numeroase studii au demonstrat implicarea factorilor
precum cei maternali, de sarcina, ori legati de nastere in aparitia hemangioamelor.

In compartimentul nostru de oncohematologie pediatrici, localizat in Clinica
Pediatrie II, Cluj-Napoca, acest tip de tumora este tratat de cateva decenii, iar
experienta noastra in tratarea lor se lirgeste cu fiecare pacient. In primul studiu, care
este de tip retrospectiv, s-au analizat cazurile de hemangioame infantile tratate in
departamentul nostru, cu scopul de a compara rezultatele cu cele din literaturd, in ceea
ce priveste factorii de risc, date clinice, abordare terapeutici si evolutie. In 2008,
Leaute-Labreze a descoperit eficacitatea propranololului, cu rezultate bune si cu
riscuri minore de reactii adverse, iar de atunci acesta a fost utilizat la nivel mondial. in
unele situatii propranololul nu poate fi utilizat, fie datorita unei patologii subiacente,
fie datoritd nevoii unei terapii mai agresive. Astfel se impune necesitatea efectuarii
unor noi studii cu scopul de a descoperi terapii tintite pentru hemangioamele infantile.

Cel de-al doilea studiu a fost efectuat pe doua tipuri de culturi celulare, celule
endoteliale derivate din vena ombilicala umana (HUVEC), celule similare cu celulele
endoteliale prezente in hemangioamele infantile, in comparatie cu fibroblasti (B]),
celule prezente in tesutul de sustinere al hemangiomului. Am comparat eficacitatea
propranololului cu cea a vincristinei pe ambele culturi celulare. Am adaugat si un al
treilea agent terapeutic, un inhibitor VEGF, bevacizumab. Am comparat efectele
citotoxice si abilitatea celor trei agenti terapeutici de a induce apoptoza in
monoterapie si terapii combinate doua cate doua, cat si toate trei odatd, cu scopul de a
obtine cel mai bun efect.

Cel de-al treilea studiu se bazeaza pe transfectia markerului patognomonic
GLUT-1 in culturile HUVEC si BJ, cu scopul de a mima un hemangiom in vitro. Toate
studiile au fost efectuate pe ambele tipuri de culturi, celule salbatice si celule
transfectate. Am testat inhibarea proliferarii, respectiv a secretiei VEGF-A si FGF-2, atat
pentru monoterapii cit si pentru terapii combinate cu propranolol, vincristin si
bevacizumab. S-au realizat co-culturi de HUVEC si BJ, atat transfectate cat si
netransfectate, si s-a analizat comportamentul lor fara terapie, respectiv cu terapiile
mentionate.

Aceasta teza intruneste studii clinice cu studii de cercetare fundamentala si are
ca scop descoperirea unor mecanisme de actiune ale medicamentelor in uz, respectiv a
celor incd neaprobate, dar care ar putea fi utile si folosite in tratament in viitorul
apropiat.



CONTRIBUTII PERSONALE

2. Obiective

Obiectivul 1. Analiza retrospectiva a factorilor de risc, datelor clinice si
abordarii terapeutice

Acest studiu analizeaza si compara factorii de risc cunoscuti, aspecte clinice si
optiuni terapeutice in hemangioamele infantile ale populatiei generale cu populatia
tratatad in departamentul nostru dupa descoperirea eficacitatii propranolului.

Obiectivul 2. Inducerea apoptozei de catre propranolol, comparativ cu
vincristin si bevacizumab, respectiv cu combinatia tratamentelor in culturi
celulare similare cu hemangiomul, cum sunt HUVEC si B]J.

Acest studiu are ca scop evidentierea efectelor apoptotice ale propranololui pe
celulele hemangioma-like, si de a le compara cu vincristin si cu bevacizumab. Scopul
combinatiilor terapeutice a fost de a evalua posibilitatea unei eficacitati terapeutice
superioare monoterapiilor, care ar putea fi benefica pacientilor cu hemangioame
rezistente la tratament sau cu potential de risc vital.

Obiectivul 3. Analiza mecanismelor de actiune ale monoterapiilor si ale
terapiilor combinate cu propranolol, vincristin si bevacizumab pe un model de
hemangiom in vitro.

Acest studiu a folosit culturi de celule HUVEC si BJ, care au fost transfectate cu
markerul GLUT-1 cu scopul de a crea un model de hemangiom in vitro. Studiile au fost
efectuate cu aplicare de monoterapii si terapii combinate ale medicamentelor
mentionate mai sus evaluindu-se efectele lor asupra reducerii secretiei VEGF si FGF.
Totodatd, am testat si efectele vincristinei si bevacizumabului in inducerea apoptozei
atatin celule netransfectate, cat si in celule transfectate.

Obiectivul general al tezei prezente este de a evidentia mecanismele de actiune
ale tratamentelor multiple si de a gasi terapii tintite in hemangioamele infantile.

Toate cele trei studii au fost efectuate conform reglementarilor cercetarii
stiintifice si au fost preaprobate de comisia de eticd a Universitatii de Medicina si
Farmacie “Iuliu Hatieganu”, Cluj-Napoca.

Studiul doi si studiul trei au fost efectuate sub egida PCD 2016, un proiect de
finantare doctoralad a universitatii. Aceste studii au fost realizate la Departamentul de
Biologie Tumorala a Institutului Oncologic “Prof. Dr. lon Chiricutd”, Cluj-Napoca si la
Centrul de Cercetare pentru Genomica Functionald, Biomedicina si Medicina
Translationala a Universitatii de Medicina si Farmacie “luliu Hatieganu”, Cluj-Napoca.

Rezultatele au fost publicate in jurnale medicale si au fost prezentate la
conferinte medicale.



2. Studiul 1. Factori de risc, date clinice si abordare
terapeutica. Un studiu retrospectiv.

2.1. Introducere

Hemangioamele infantile apar la 4-10% dintre copii. Acestea sunt tumori
vasculare benigne care au o evolutie caracteristica In 3 faze: proliferare, involutie si
faza involuata. Au fost descrisi mai multi factori declansatori, dar cel mai important
pare a fi hipoxia. Aceasta determinad secretia de VEGF inducand angiogeneza. Multiplii
factori de risc au fost evidentiati, precum sexul feminin, prematuritatea si greutatea
mica la nastere, varsta maternd, preeclampsia si placenta praevia. Capul si gatul sunt
cel mai frecvent afectate. Doar 10% din cazurile de hemangiom infantil necesita
terapie datoritd complicatiilor si riscurilor vitale. In 2008 propranolul si-a dovedit
eficienta terapeutica si din acel moment acesta este utilizat la nivel global. La
momentul actual, propranololul este prima optiune terapeutica iIn hemangioamele
infantile, dar in formele severe, sau non-responsive, se poate opta pentru vincristin,
interferon sau terapie laser.

Acest studiu evidentiaza experienta Clinicii Pediatrie I, Cluj- Napoca, Romania.

2.2. Material si metoda

Am condus un studiu retrospectiv in perioada ianuarie 2009 si decembrie 2014
pe pacienti cu hemangioame infantile tratati in clinica noastra. Criteriile de includere
au cuprins diagnosticul de hemangiom infantil, cu sau fara complicatii, la pacienti cu
varsta sub 18 ani, care au necesitat terapie. Pacientii cu alte tipuri de tumori sau
malformatii au fost exclusi din studiu.

2.3. Rezultate si concluzii

Am inclus 36 pacienti. Am raportat un numar mai mare al pacientilor de sex
feminin, cu o varsta mediana de 6 luni la diagnostic. Niciunul din factorii de risc
analizati In populatia noastra nu a demonstrat un impact superior in dezvoltarea
hemangioamelor. Majoritatea pacientilor au avut cel putin un factor de risc si mai mult
de jumatate dintre ei au prezentat factori de risc asociati. Mai mult decat atat, niciunul
din factorii de risc nu au influentat dezvoltarea hemangiomatozei, ori rezistenta la
tratament. Studiul nostru nu a raportat o importantd crescuta a varstei materne
inaintate ca factor de risc. Capul si gatul au fost cel mai frecvent afectate, majoritatea
necesitand tratament, in special datorita riscului de complicatii.

Propranololul a fost tratamentul cel mai frecvent folosit. A doua optiune a fost
prednisonul; folosirea de vincristin, interferon sau terapia laser s-a intalnit doar in
cazurile cu necesar terapeutic mai agresiv, ori care nu au raspuns la tratamentele
anterioare.



3. Studiul 2. Citotoxicitatea si inducerea apoptozei
propranololului, comparativ cu vincristin si
bevacizumab, respectiv cu combinatia tratamentelor, in
culturi celulare similare cu hemangiomul, cum sunt
HUVEC si BJ

3.1. Introducere

Hemangioamele infantile sunt formate din celule endoteliale, dar contin si
mastocite, pericite si fibroblasti, ca si componente stromale.

Mecanismele medicamentelor in uz pentru hemangioamele infantile sunt
studiate la nivel global. Inducerea involutiei hemangiomului de catre propranolol si
vincristin este bine cunoscuta. Propranololul actioneaza prin vasoconstrictie, blocarea
semnalelor proangiogenice si inducerea apoptozei, in timp ce vincristin actioneaza ca
agent citotoxic direct.

Bevacizumab este un anticorp monoclonal uman, care inhiba angiogeneza prin
inhibarea actiunii VEGF. Terapia cu bevacizumab In hemangioame nu a fost studiata in
detaliu pana in prezent.

Acest studiu are scopul de a evalua efectele propranololului pe celule
endoteliale derivate din vena ombilicala umana (HUVEC) si fibroblasti (B]).

Totodatd, am studiat si efectele vincristinei si bevacizumabului in monoterapie,
cat si in combinatii terapeutice cu propranolol.

3.2. Material si metoda

Culturi celulare. Celulele HUVEC au fost cultivate in mediul de cultura pentru
celule endoteliale, iar celulele B] au fost cultivate in mediul Eagle’s Minimum Essential.

Prepararea terapiilor. Au fost obtinute dilutii seriate de propranolol, vincristin si
bevacizumab. Totodatd, diferite concentratii de propranolol au fost asociate cu
concentratii subcitotoxice de vincristin sau bevacizumab.

Mdsurarea citotoxicitdtii. Inducerea apoptozei. A fost masurata citotoxicitatea
propranololului, vincristinei si a bevacizumabulu, In monoterapie si in terapii
combinate. Pentru a evalua citotoxicitatea am utilizat analiza cu colorant MTT sau 3-
(4,5-dimetiltiazol-2-y1)-2,5-difeniltetrazolium bromid. Valoarea absorbantei rezultate
a fost utilizatd pentru calcularea concentratiei medii inhibitorii (ICso). Calculul
celulelor apoptotice si necrotice in ambele culturi celulare a fost facut prin
flowcitometrie utilizdnd Alexa Fluor 488 Annexin V/propidium iodid (PI) kitul pentru
apoptoza.

Analiza statisticd. Am utilizat GraphPad Prism5. Valorile I1Cso au fost determinate
ca mediana * deviatia standard. Am folosit analiza univariata si testul de comparatii
multiple Dunnett pentru a compara rata cresterii celulare. Comparatiile cu celulele
netratate a fost facuta prin analiza univariata urmata de testul post-hoc Bonferroni
utilizand un IC de 95%. Un test de corelatie nonparametric Spearman a fost utilizat



pentru corelatii intre celulele apoptotice timpurii, tardive si pentru celulele moarte, cu
un IC de 95%. P <0.05 a fost considerat semnificativ statistic.

3.3. Rezultate si concluzii

Propranololul inhiba cresterea celulelor HUVEC si B] intr-o maniera dependenta
de doza. Adaugarea unor concentratii subcitotoxice de vincristin si bevacizumab la
propranolol a crescut inhibarea cresterii In ambele culturi celulare.

Bevacizumabul a fost agentul cel mai putin eficace In ambele culturi, dar
asocierea lui cu vincristin a crescut semnificativ apoptoza. in ambele culturi celulare
vincristin, in monoterapie, a fost cel mai eficient tratament. Propranolol a fost al doilea
cel mai eficace. Combinatia bevacizumab plus vincristin a fost mai eficace decat
propranolol plus vincristin.

Combinatia vincristin cu bevacizumab s-a dovedit a creste numarul de celule
apoptotice in HUVEC, Tn comparatie cu tripla terapie. Totusi, tripla terapie a fost cea
mai eficienta in BJ, in inducerea apoptozei.

Am remarcat un sinergism marcat al combinatiilor de tratament a celor trei
medicamente atdt in HUVEC cat si in BJ. Tripla terapie fost cea mai eficienta in
inducerea apoptozei in BJ, iar combinatia vincristin si bevacizumab in celulele HUVEC.

4. Studiul 3.Efectele medicamentelor antiangiogenice
pe un model de hemangiom in vitro

4.1. Introducere

Hemangioamele se formeza din celule endoteliale si pericite, care prolifereaza si
formeaza vase de sange imature. Odata ce Incepe involutia, aceste vase se matureaza si
celulele sunt inlocuite de fibroblasti, tesut adipos si tesut conjunctiv.

Acest studiu a dezvoltat un model de hemangiom in vitro prin transfectarea
HUVEC cu markerul molecular GLUT-1. Mai mult, analizeaza si abilitatea
propranolului, vincristinei si bevacizumabului de a induce inhibarea proliferarii si a
secretiei de VEGF-A si FGF-2, atit pe celulele sdlbatice cat si pe HUVEC si BJ
transfectate, respectiv pe co-culturi.

4.2. Material si metoda

Culturi celulare. Transfectia cu GLUT-1 si selectia. Pentru celulele HUVEC am
utilizat mediul RPMI-1640, iar pentru B] MEM. Preparatele plasmidice petru
transfectie au fost realizate utilizand ZymoPURE II Plasmid Midiprep Kit. Pentru
celulele transfectate am utilizat Geneticina G418 ca si antibiotic de selectie, iar
pcDNA3.2/v5-DEST hGlutl cuprinde markerul de selectie NeoR, care asigura
rezistenta la G418. Celulele au fost transfectate cu 3ug plasmid DNA / 3ul ViaFect
reagent de transfectie.



Marcarea fluorescentd a celulelor endoteliale si a fibroblastilor. Colorantul rosu
PKG26 a fost utilizat pentru marcajul HUVEC si HUVECcLut-1. Pentru B] si BJeLur-1 am
utilizat colorantul fluorescent verde Vybrant DiO.

Co-culturi HUVEC si BJ. Analiza de microscopie confocald a co-culturilor. Co-
culturile in vitro au fost obtinute cu scopul de a studia interactiunile heterotipice ale
HUVEC si BJ. Am studiat celulele cu un microscop de microscopie confocala
fluorescent.

Preparea medicamentelor. Evaluarea efectului antiproliferativ. Evaluarea prin
metoda ELISA a VEGF-A si FGF-2 solubili. Au fost obtinute dilutii seriate a propranolului,
vincristinei si bevacizumabului. Am folosit si terapii combinate. Efectul antiproliferativ
a fost testat utilizand reagentul de viabilitate celulara Alamar Blue. Evaluarea nivelului
VEGF-A s-a efectuat utilizand kitul ELISA VEGF-1 Pikokine uman. Evaluarea secretiei
FGF-2 s-a efectuat utilizand kitul ELISA pentru FGF-Basic Human OmniKine.

4.3. Rezultate si concluzii

Raportul HUVEC: BJ] a scazut in co-culturi, situatie compatibila cu o involutie
indusi terapeutic. In comparatie cu co-culturile silbatice, celulele HUVECgLut-1 au avut
tendinta de a se raspandi mult mai mult. Vincristin a fost cea mai eficienta terapie, fiind
urmata de bevacizumab in ambele tipuri de co-culturi.

Proliferarea HUVEC si HUVECcLut-1 a fost inhibatd, in special, de asocierea
vincristinei cu bevacizumab, respectiv tripla terapie. In BJ terapia combinati de
bevacizumab cu vincristin sau propranolol, respectiv tripla terapie au fost cele mai
eficiente. BJcut-1 a fost in special inhibatd de combinatia de vincristin plus
bevacizumab. Ambele tipuri de co-culturi, salbatice si transfectate, au fost inhibate in
special de bevacizumab. in co-culturile transfectate, singurul tratament mai bun decat
bevacizumab a fost tripla terapie.

Secretia de VEGF-A a HUVEC a fost in mod egal influentata atat de vincristin cat
si de bevacizumab. Tripla terapie a fost cea mai buni optiune. in BJ propranololul plus
bevacizumab a avut eficacitate similara cu tripla terapie. Secretia de VEGF-A a
HUVECcLut-1a fost redusi in special de bevacizumab. In celulele BJcLut1 secretia a fost
in special influentata de bevacizuma si de combinatia lui cu vincristina sau
propranolol. in co-culturile de HUVEC+B] si HUVECcLut1 + BJ] bevacizumab a fost cel
mai bun agent terapeutic, iar combinatia lui cu vincristin cea mai buna optiune.
Propranololul asociat cu bevacizumab sau vincristin in celulele transfectate a
functionat mai bine decat in celulele netransfectate.

in culturile HUVECcLut-1 inhibarea FGF-2 a fost influentati de toate tipurile de
terapie. Secretia celulelor B] de FGF-2 a fost influentata in special de bevacizumab si de
combinatia lui cu vincristin. in co-culturile HUVEC+B] bevacizumab si combinatiile cu
bevacizumab au fost cele mai eficiente. Tripla terapie a avut cel mai bun efect. in co-
culturile HUVECcLut-1+#B] monoterapia cu vincristin si bevacizumab, cat si combinatia
lor au fost cele mai eficiente. In celulele HUVEC doar asocierea propranolol plus
vincristin si tripla terapie au inhibat secretia FGF-2 comparativ cu HUVECgLuT-1.



5. Concluzii generale

o Hemangioamele infantile necesita cel putin un factor de risc pentru a se
dezvolta.

o Riscul de complicatii este principalul motiv pentru instituirea terapiei.

o S-a obervat un sinergism marcat al combinatiei de propranolol, vincristin
si bevacizumab pe celulele HUVEC si B]J.

o Combinatia vincristin plus bevacizumab a fost mai eficienta in inducerea
apoptozei in HUVEC.

o Tripla terapie cu propranolol, vincristin si bevacizumab a fost cea mai
eficienta in inducerea apoptozei in BJ.

o HUVECcLut-1 se comporta similar cu celulele endoteliale din hemangiom.

o Bevacizumab a avut un efect terapeutic bun in monoterapie, atat in

promovarea apoptozei cat si in reducerea VEGF-A si FGF-2 pe modelul de hemangiom
in vitro.

o Asocierea vincristin cu bevacizumab, la fel ca si tripla terapie au fost cele
mai eficiente In aproape toate mecanismele de actiune studiate.

6. Originalitatea si contributiile inovative ale tezei

Originalitatea tezei consta in faptul ca aceste tipuri de studii nu au fost efectuate
in tara noastrd, iar la nivel international nu exista studii efectuate pe aceleasi tipuri
celulare si cu aceleasi metode.

In primul studiu am demonstrat ca frecvent este necesar sa se insumeze mai
mult de un factor de risc pentru a dezvolta un hemangiom. Populatia noastra a
dezvoltat cele mai multe hemangioame in regiunea cap-gat, iar tratamentul a fost
instituit celor cu risc de complicatii. Am folosit propranololul ca si tratament de prima
linie.

Cel de-al doilea studiu a evaluat efectele asupra apoptezei celulelor HUVEC si B]
tratate cu propranolol si vincristin. Acesta este unul din putinele studii care inglobeaza
si bevacizumab, un inhibitor VEGF, folosit In comparatie cu celelalte doua
medicamente. Studiul combina agentii cu scopul de a descoperi combinatia terapeutica
cea mai eficienta pentru inducerea apoptozei si involutiei tumorale.

Cel de-al treilea studiu este conform datelor noastre, primul studiu la nivel
global care obtine un model de hemangiom in vitro prin transfectia GLUT-1 in HUVEC
si BJ. Mai mult, s-au realizat co-culturi de celule transfectate si netransfectate si s-a
analizat comportamentul lor sub diverse combinatii terapeutice. Am utilizat
propranolol, vincristin si bevacizumab, ca monoterapii si terapii combinate,
comparand efectele lor asupra inhibarii proliferarii celulare. Mai mult, am analizat si
influenta lor asupra secretiei de factori de crestere, precum VEGF si FGF.

Aceasta teza ar putea constitui baza pentru studii mai specifice, poate chiar pe
tesut de hemangiom, cu agenti terapeutici tinta, avand ca rezultat propunerea unor noi
terapii pentru hemangioamele infatile. Modelul de hemangiom dezvoltat poate
constitui o baza pentru studii ulterioare, in care biopsia tumorala nu poate fi obtinuta.
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