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RESUMO

A presente tese estd apresentada em cinco capitulos que contem: (1) Revisdo de literatura
sobre drogas epigenéticas publicado; (2) Avaliagdo in silico de trés compostos da classe dos
hidroxamatos; (3) Validagdo das hipoteses geradas in silico através de verificagdo da
atividade biologica e mecanismos moleculares relacionados a atividade citotoxica desses
compostos in vitro; (4) Avaliagdo da potencializacdo do efeito citotdéxico desses compostos
em presenga de sulfato de cobre; (5) Desenvolvimento de nanossistemas metalicos para classe
dos hidroxamatos e avaliacao da sua capacidade de sinergismo em tratamento com multiplos
compostos in vitro. Deste modo, o objetivo do presente trabalho foi a avaliagdo farmaco-
molecular in silico, validagdo das hipoteses, através de avaliagdo celular e molecular do efeito
citotoxico in vitro de dois protdtipos da classe dos hidroxamatos (LDT565 e LDT566) como
potenciais agentes antitumorais e aplicagdo nanotecnologica. Para alcancar os objetivos
propostos, as hipoteses geradas foram validadas através de uso de variadas técnicas de
citotoxicidade (MTT, SRB, XCelligence e Prestoblue); Ensaios de avaliagdo de caracteristicas
morfoldgicas e moleculares (Citometria de Fluxo; Microscopia optica; Western Blot; RT-
qPCR e High Content Screening) e para aplicagdo biotecnologica foi utilizada a técnica de
nanoencapsulamento em nanolipidios metalicos. Foram identificados cinco alvos comuns
entre os trés hidroxamatos in silico (Z score <-0,5), sendo trés deles relacionados ao
metabolismo mitocondrial e dois reguladores de transcri¢cao. Os perfis de ADMEtox in silico
indicam que os trés compostos apresentam a principais diferengcas farmacocinéticas
relacionadas ao metabolismo. O perfil citotoxico, frente as linhagens HL60, RAJI, JURKAT e
K562, apresentaram CI50 variando de 1,43 a 54,06 uM LDT565 e 2,59 a 22,48 uM para
LDT566, respectivamente. Os resultados de avaliagdo molecular desses compostos indicam
reducdo da expressao de transcritos de HDAC 1, HDAC 2 e HDAC 10, sem causar inibicao
enzimatica de HDACs. Os dados de expressao proteica indicam marcante efeito sobre a
mitocondria com alteragdes significativas no potencial transmembranico e expressao
diferencial de proteinas como BCL-xL, BIM e BAX. Ambos os compostos provocaram
parada no ciclo celular em G0/G1, com aumento expressivo dos niveis de subGl. Alteragdes
morfologicas mostraram redu¢do do tamanho celular e inducao de apoptose inicial apos 48h,
para ambos compostos. O composto LDT566 apresenta aumento significativo do efeito
citotoxico in vitro quando associado com sulfato de cobre, induzindo significativos efeitos a
nivel celular e molecular, com redu¢do da expressdo génica de metaloproteinase (MMP14). O

composto LDT566 apresenta caracteristicas farmacoldgicas, compativeis com a tecnologia de



nanoencapsulamento em sistemas metalicos, apresentando taxas de encapsulamento de 70%, e
potencial sinérgico/aditivo quando em multi-tratamentos in vitro associando Hidroxamato-
Irinotecan. As conclusdes do trabalho apontam forte correlacdo entre as predi¢des in silico e
os achados experimentais in vitro. Os hidroxamatos LDT565 e LDT566 apresentaram
potencial citotoxico seletivo equivalente ao controle positivo Vorinostat. O composto
LDT566 apresentou perfil compativel com encapsulamento dependente de sulfato de cobre e

pode ser considerado um novo prototipo potencialmente aplicavel em modelos pré-clinicos.

Palavras-chave: Hidroxamatos. Predi¢cdes farmacologicas. Desarranjo mitochondrial. Drogas

epigenéticas. Nanotecnologia.



ABSTRACT

This thesis is presented in five chapters that contain: (1) Literature review on epigenetic drugs
publiched; (2) In silico evaluation of three hydroxamates compounds; (3) Validation in vitro
of hypotheses generated in silico after determination of biological activity and molecular
mechanisms related to cytotoxic activity of these compounds; (4) Evaluation of the cytotoxic
effect of these compounds in the presence of copper sulfate and (5) Development of metallic
nanosystems for hydroxamate class and evaluation of their synergistic effect in multi-drug
therapy in vitro. Thus, the objective of the present work was to evaluate the pharmacological
and molecular potential in silico, validate the hypothesis through cellular and molecular
evaluation in vitro of two hydroxamate class prototypes (LDT565 and LDT566) as potential
antitumor agents and nanotechnology application. To achieve the proposed objectives, the
hypotheses were validated through the use of cytotoxicity techniques (MTT, SRB,
XCelligence and Prestoblue); the morphological and molecular characteristics were evaluated
by (Flow Cytometry; Optical Microscopy; Western Blot; RT-qPCR and High Content
Screening) and for biotechnological application the nanoencapsulation were performed in
metallic nanolipids. Five common targets were identified in silico among the three
hydroxamates (Z score <-0.5), three of them related to mitochondrial metabolism and two
with transcriptional regulators. The observed in silico ADMEtox profiles indicate that the
three compounds have the main pharmacokinetic differences related to metabolism. The in
vitro cytotoxic in the cell lines HL60, RAJI, JURKAT and K562 presented IC50 ranging from
1.43 to 54.06 uM LDTS565 and 2.59 to 22.48 uM for LDT566, respectively. The molecular
evaluation indicated a depletion of gene expression in HDAC I, HDAC 2 and HDAC 10
transcripts without causing enzymatic inhibition of HDACs. The protein expression data
indicate a marked effect on mitochondria with significant changes in transmembrane potential
and differential expression of proteins such as BCL-xL, BIM and BAX. Both compounds
caused cell cycle arrest in GO/G1, with significant increase in subG1 levels. Morphological
changes showed reduction in cell size and induction of apoptosis in early stage after 48h. The
compound LDT566 had a significant increase in cytotoxic effect in vitro when associated with
copper sulfate, inducing significant cellular and molecular changes, with depletion of
metalloproteinase gene expression (MMPI14). The LDT566 compound had pharmacological
characteristics compatible with nanocapsulation technology in metallic systems, presenting
encapsulation rates of 70%, and synergistic/additive potential when in muti-drug treatment in

vitro associating Hydroxamate-Irinotecan. The conclusions point a strong correlation between



in silico predictions and in vitro experimental findings. The hydroxamates LDT565 and
LDT566 showed selective cytotoxic potential equivalent to the positive control Vorinostat.
LDT566 presented a profile compatible with copper sulphate-dependent for encapsulation

sucess and can be considered as a new prototype potentially applicable in preclinical models.

Keyword: Hydroxamates. Pharmacologic predictions. Mitochondrial changes. Epigenetic.

Nanotechnology.
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