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INTRODUCERE

Aparitia si progresia cancerului sunt rezultate ale unui fond genetic alterat, care
permit validarea genotipului si fenotipului celulelor tumorale printr-un proces
multietapizat format din urmatoarele etape: supravietuirea (imortalitate celulara),
proliferarea necontrolatd, invazia organelor adiacente, neoangiogeneza si
metastazarea(1, 2). Identificarea si analiza mecanismelor implicate in aceste procese,
pot sa contribuie la dezvoltarea unor noi strategii terapeutice in cancer, in particular
pentru cancerul de colon si san.

Compusii fitochimici naturali au fost utilizati In prevenirea si terapia cancerului
in medicina traditionala datorita sigurantei lor, neavand efecte secundare si datorita
biodisponibilitatii lor. Prin urmare, efectele benefice ale compusilor fitochimici sunt de
mare interes, fiind demonstrat ca au un impact benefic asupra sanatatii umane,
datorita capacitatii lor de a modula expresia genelor, microARN, ARN necodificatoare
sau unele procese epigenetice (3).
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STADIUL ACTUAL AL CUNOASTERII

Stadiul actual al cunosterii are la baza evidentierea rezultatelor cercetarilor din
ultimii ani cu privire la rolul compusilor fitochimici in cancer. Primul capitol-
Compusii fitochimici, cuprinde o prezentare succinta a principalilor compusi
fitochimici cu rol in preventia cancerului precum si a relatiei dintre structura acestora
si activitatea lor. Interventia fitochimica In chimioterapie este sustinuta de un numar
mare de studii clinice (4-6) care au aratat cd acesti compusi cresc eficienta
tratamentului si reduc efectele sale secundare, induc apoptoza in celulele canceroase,
reduc rezistenta la tratament si severitatea comorbiditati (7). Capitolul al doilea
intitulat-Modularea miARN de catre compusii fitochimici, se axeaza pe evidentierea
studiilor cu privire la efectele compusilor fitochimici asupra expresiei microARN
supresoare de tumori si microARN oncogene. In ultimul capitol sunt prezentate studii
recente referitoare la potentialul rol al IncARN de reglare a cailor supresoare de tumori
si a celor oncogenice, conducand la implementarea de diferite strategii terapeutice
orientate pe aceste secvente (8, 9).

CONTRIBUTIA PERSONALA

Teza de doctorat este structurata pe patru studii principale avand ca scop
identificarea de noi biomarkeri pentru preventia si tratamentul cancerului de colon cat
si posibilitatea folosirii acestora in terapii personalizate.

Studiul 1 - Investigarea in vitro a eficientei unui panel de compusi
fitochimici naturali cu potential rol terapeutic in cancerul de colon

in studiul de fatd am investigat rolul in vitro al compusilor naturali in inhibarea
cancerului de colon, unul din cancerele de varf in ceea ce priveste incidenta si
mortalitatea. In mod specific, am testat activitatea CAPE, Campferol, Morin, EGCG,
Daizenina si Genisteina la viabilitatea celulelor si am continuat testul functional pentru
CAPE, Campferol si Morin.

Toti compusii testati au avut efecte inhibitoare in ceea ce priveste viabilitatea
celulara, efect dependent de doza. Evaluarea ciclului celular a aratat ca acesti compusi
naturali au capacitatea de a opri ciclul celular, cu o preponderenta a populatiei celulare
tratate In faza G1, comparativ cu probele de control. Morin a prezentat cele mai
pronuntate efecte asupra liniei celulare RKO, in timp ce CAPE a avut cel mai puternic
efect in termeni de oprire a ciclului celular in celulele HCT-116. In ceea ce priveste



6 Petrisor Liviuta (cds. Budisan)

invazia celulara, tratamentul CAPE a limitat parametrii de migrare in celulele tratate in
comparatie cu cele control; In schimb efecte minime s-au observat pentru ceilalti doi
compusi: Campferol si Morin.

in cele din urma, CAPE si Campferol au fost utilizati pentru analiza exprimirii
genei (codificatoare si non codificatoare) in celulele tratate comparativ cu cele de
control.

CAPE si Campferol au avut un efect inhibitor asupra liniilor celulare de cancer
de colon RKO si HCT-116, atat CAPE cat si Campferol inhiba proliferarea, motilitatea si
invazia celulard si stimuleazda apoptoza si autofagia si ar putea fi utilizati in viitor
pentru a dezvolta noi strategii terapeutice alternative sau pentru a completa
tratamentul conventional pentru acest tip de malignitate. Mai mult, acesti compusi ar
putea fi utilizati si ca agenti preventivi, pentru intarzierea sau inhibarea instalarii
cancerului.

Studiul 2 - Identificarea efectului compusilor fitochimici naturali
asupra expresiei genice si validarea efectului terapeutic la nivel

transcriptomic in cancerul de colon

Acest studiu se concentreaza pe analiza la nivel de transciptom a schimbarilor
moleculare ce intervin In urma tratarii liniilor celulare de cancer de colon, HCT-116 si
RKO, cu cei doi compusi naturali selectati: CAPE si Campferol. Aceste schimbari la nivel
de mRNA in profilul de gene codificatoare si necodificatoare subliniaza specificitatea,
cat si complexitatea modalitatii de actiune a polifenolilor in inhibarea cancerului, dar si
posibilitatea folosirii acestora in terapii personalizate.

In urma studiilor de microarray asupra CAPE si Campferol rezultd ci cei doi
compusi fitochimici au un efect inhibitor asupra liniilor celulare de cancer de colon
RKO si HCT-116, atat CAPE cat si Campferol moduleazd expresia genelor
supraexprimate si subexprimate, acestia avand rol de supresor tumoral prin inducerea
apoptozei si ar putea fi utilizati In viitor pentru a dezvolta noi strategii terapeutice
alternative sau pentru a completa tratamentul conventional pentru cancerul de colon.
Mai mult, acesti compusi ar putea fi utilizati si ca agenti preventivi, pentru intarzierea
sau inhibarea instalarii cancerului. Aceste modificari survenite in urma tratarii
celulelor de cancer de colon, cat si specificitatea lor, demonstreaza un mecanism de
actiune complex asociat compusilor naturali ce ar putea fi exploatat in terapii
personalizate. Cu toate acestea, heterogenitatea profilului transcriptomic evidentiaza
necesitatea unor studii de lunga durata pentru stabilirea efectelor adverse ce ar putea
interveni In urma modificarii unui profil atit de complex de gene.
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Studiul 3 - Analiza efectului mutational al compusilor fitochimici cu
implicatii in cancerul de colon, prin intermediul secventierii de noua
generatie

Studiul 3 are ca si scop investigarea capacitatii compusilor naturali CAPE si
Campferol de a modifica profilul mutational al liniilor celulare de cancer de colon -
HCT-116 si RKO - la nivel de ADN in urma tratamentului in vitro timp de 48 de ore prin
intermediul secventierii de noua generatie.

Pentru a investiga profunzimea activitatii compusilor fitochimici naturali, liniile
celulare RKO si HCT-116 au fost secventiate la nivelul de ADN dupa 48 de ore de
expunere la Cape si Campferol in comparatie cu celulele martor care nu au primit nici
un tip de tratament.

S-a observat ca liniile tratate cu CAPE si Campferol nu mai prezinta mutatii
patogene.

Constatdrile noastre indica faptul ca, CAPE si Campferol au capacitatea de a
influenta in mod negativ dezvoltarea si progresul cancerului de colon in vitro prin
modificarea specifica a celulelor la nivel molecular; aceasta activitate poate fi
exploatata in posibile terapii adjuvante folosind concentratia optima a dozei cu efecte
secundare minime, dar cu activitate inhibitoare a cancerului in vivo.

Studiul 4 - Evaluarea functionala a pachetului de gene diferit
exprimate intre grupul tratat cu CAPE si Campferol si grupul control pe
liniile celulare de cancer de colon RKO si HCT 116 - rolul miARN/siARN in

reglarea proceselor biologice

Acest studiu se bazeazd pe elucidarea rolului miARN/siARN 1n reglarea
proceselor translationale.

Cand apar modificari intr-o retea transcriptionald, nu este important doar sa
stim care sunt cele mai modificate gene In ceea ce priveste nivelul expresiei genelor, ci
si care sunt cele mai relevante modificari in contextul retelei. Este important sa
identificdm interconexiunle intre genele alterate intre doud conditii biologice,
indetificarea unor miARN-uri centrale, In aceste retele poate fi vazuta ca un potential
biomarker de prognostic sau terapeutic, tinant cont ca modificarea unui miARN, poate
avea un impact mare asupra {intelor terapeutice, decat prin tintirea unei singure gene.
Eficienta terapeuticd a unei doze unice de siARN sau miARN depinde de o serie de
factori. Acestea includ stabilitatea moleculelor de ARN, gradul de eliberare de pe
suprafata sau din interiorului nanositemului terapeutic, precum si timpul de
injumatatire si viteza de resinteza a proteinelor tinta (half-life si“turnover rate”). O
mai buna intelegere a mecansimelor de actiune pot contribui la dezvoltarea de noi
strategii terapeutice folosind siARN sau miARN.
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In urma tratirii liniilor de cancer de colon, RKO si HCT 116 cu compusii
fitochimici naturali, CAPE si Campferol urmata de analiza microarray, s-a observat
aparitia proceselor biologice alterate.

Datele noastre furnizeaza un model de expresie, coordonate functional de
diferite familii de gene interconectate cu miARN-urile care pot avea noi tinte
terapeutice pentru tratarea cancerului. Aici trebuie sa se puna in balanta specificitatea
mare datd de siARN pentru o anumitd gend, sau capacitatea miARN de a {inti simultan
mai multe gene, care pot fi in unele cazuri nespecifice.

Concluzii generale si noutatea studiului

In urma studiilor functionale in vitro asupra CAPE si Campferol, s-a constatat ci
cei doi compusi fitochimici au un efect inhibitor asupra liniilor celulare de cancer de
colon RKO si HCT-116 si ar putea fi utilizati in viitor pentru a dezvolta noi strategii
terapeutice alternative sau pentru a completa eficienta regimurilor conventionale de
tratament pentru aceasta malignitate. Mai mult, acesti compusi ar putea fi de asemenea
utilizati ca agenti preventivi pentru intarzierea sau inhibarea formairii cancerului. In
orice caz, aspecte importante despre efectele in vivo, cum ar fi eficienta dozei, efectele
asupra celulelor sandtoase, modificarile la nivel molecular, biodisponibilitatea si
expunerea pe termen lung trebuie abordate Inainte de formularea unor criterii
coerente pentru strategii terapeutice.

Prezentul studiu de doctorat contine elemente de noutate atat in cadrul studiilor
individuale, cat si ca cercetare de ansamblu privind efectul terapeutic al compusilor
fitochimici naturali In cancerul de colon.

Specific, cercetarea in vitro a demonstrat capacitatea compusilor fitochimici
naturali, respectiv CAPE si Campferol de a modula extins profilul de gene codificatoare si
gene necodificatoare lungi, Insa Intr-un mod diferentiat in functie de linia celulara de
cancer de colon si de tratamentul aplicat.

De asemenea s-a demonstrat eficienta acestora de a elimina mutatii patogene la
nivel de ADN cu efect inhibitor asupra proliferarii celulelor de cancer de colon. Acest
aspect reprezinta un element important in formularea de strategii terapeutice tinand cont
de capacitatea celulor maligne de a dezvolta mutatii pentru a dobandi rezistenta la
tratament.

in ansamblu, cercetarea doctorald aduce date experimentale noi privind actiunea
compusilor fitochimici naturali in cancerul de colon, date ce contribuie la dezvoltarea
sectorului preventiv si terapeutic in cazul medicinei alternative.
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INTRODUCTION

The emergence and progression of cancer are the results of a genetically altered
background that allows the genotyping and phenotype of tumor cells to be validated by
a multi-stage process consisting of the following stages: survival (cell immortality),
uncontrolled proliferation, invasion of adjacent organs, neoangiogenesis and
metastasis (1, 2). Identifying and analyzing the mechanisms involved in these
processes can contribute to the development of new therapeutic strategies in cancer,
particularly colon and breast cancer.

Natural phytochemical compounds have been used to prevent and treat cancer
in traditional medicine because of their safety, with no side effects and their
bioavailability. Therefore, the beneficial effects of phytochemical compounds are of
great interest, being shown to have a great impact on human health, due to their ability
to modulate gene expression, microRNA, non-coding RNA or some epigenetic
processes (3).
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CURRENT STATE OF KNOWLEDGE

The current state of knowledge is based on highlighting the research results in
recent years regarding the role of phytochemical compounds in cancer. The first
chapter-Phytochemical compounds contains a brief presentation of the main
phytochemical compounds with role in cancer prevention as well as the relationship
between their structure and their activity. Phytochemical intervention in
chemotherapy is sustained by a large number of clinical studies (4-6) which have
demonstrated that these compounds increase treatment efficiency and reduce its side
effects, induce apoptosis in cancer cells, reduce treatment resistance and comorbidities
severity (7). The second chapter-Modulation of miRNA by phytochemical
compounds focuses on highlighting studies regarding the effects of phytochemical
compounds on microRNA tumor suppressor expression and oncogenic microRNA. The
last chapter presents recent studies on the potential role of IncRNA in regulating tumor
suppressor and oncogenic pathways, leading to the implementation of different
therapeutic strategies targeted to these sequences (8, 9).

PERSONAL CONTRIBUTION

The PhD thesis is structured in four main studies focused on the identification of
new biomarkers for colon cancer prevention and treatment and the possibility of their
use in personalized therapies.

Study 1 - The effectiveness in vitro investigation of a natural
phytochemical compounds panel with potential therapeutic role in colon
cancer

In this study we investigated the in vitro role of natural compounds in colon
cancer inhibition, one of the leading cancers in terms of incidence and mortality.
Specifically, we tested CAPE, Kaempferol, Morin, EGCG, Daizenine and Genistein
activity on cell viability and continued the functional test for CAPE, Kaempferol and
Morin.

All compounds tested had inhibitory effects on cell viability in dose-dependent
manner. Cell cycle evaluation has revealed that these natural compounds have the
ability to stop the cell cycle, with a preponderance of the G1-treated cell population
compared to control samples. Morin presented the most pronounced effects on the
RKO cell line, while CAPE had the strongest effect in terms of stopping the cell cycle on
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HCT-116 cells. Regarding cell invasion, CAPE treatment limited migration parameters
in treated cells as compared to controls; in contrast, minimal effects were observed for
the other two compounds: Kaempferol and Morin.

Finally, CAPE and Kaempferol were used to analyze gene expression (encoding
and non-coding) in treated cells as compared to controls.

CAPE and Kaempferol have an inhibitory effect on the colon cancer cell lines
RKO and HCT-116, both CAPE and Kaempferol inhibit proliferation, motility and cell
invasion and stimulate apoptosis and autophagy and could be used in the future to
develop new alternatives therapeutic strategies or to supplement the conventional
treatment for this type of malignancy. Moreover, these compounds could also be used
as preventive agents for delaying or inhibiting the cancer appearance.

Study 2 - Identification of natural phytochemical compounds effect
on gene expression and validation of therapeutic effect at transcriptomic
level in colon cancer

This study focuses on the transciptoma analysis of molecular changes occurring
after colon cancer cell lines HCT-116 and RKO treatment with the two natural
compounds selected: CAPE and Kaempferol. These mRNA changes in the coding and
non-coding gene profile highlight the specificity and complexity of polyphenols action
mode in cancer inhibition, as well as the possibility of using them in personalized
therapies.

Following the microarray studies on CAPE and Kaempferol, it results that the
two phytochemicals have an inhibitory effect on the RKO and HCT-116 colon cancer
cell lines, both CAPE and Kaempferol modulate the expression of overexpressed and
subexpressed genes, which act as a tumor suppressor by inducing apoptosis and could
be used in the future to develop new alternative therapeutic strategies or to
complement conventional treatment for colon cancer. Moreover, these compounds
could also be used as preventive agents for delaying or inhibiting cancer. These
changes, resulting from the treatment of colon cancer cells and their specificity,
demonstrate a complex action mechanism associated with natural compounds that
could be exploited in personalized therapies. However, the heterogeneity of the
transcriptomic profile highlights the need for long-term studies to determine the
adverse effects that could occur following the modification of such a complex gene
pattern.

Study 3 - Analysis of the phytochemical compounds mutagenic
effect with implications in colon cancer through new generation
sequencing
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Study 3 aims to investigate the CAPE and Kaempferol ability to alter the mutant
profile of colon cancer cell lines - HCT-116 and RKO - at the DNA level following in vitro
treatment for 48 hours by sequencing new generation.

To investigate activity of natural phytochemical compounds, the RKO and HCT-
116 cell lines were sequenced at the DNA level after 48 hours exposure to CAPE and
Kaempferol compared to untreated control cells.

It has been noticed that the lines treated with CAPE and Kaempferol no longer
have pathogenic mutations.

Our findings indicate that CAPE and Kaempferol have the ability to negatively
influence in vitro colon cancer development and progress by specific molecular
modification of cells; this activity may be exploited in possible adjuvant therapies using
the optimal dose concentration with minimal side effects but with cancer inhibitory
activity in vivo.

Study 4 - Functional evaluation of the different gene package
expressed between the CAPE and Kaempferol group and the control
group on colon cancer cell lines RKO and HCT 116 - the role of miRNA/
siRNA in biological processes regulation

This study is based on the role of miARN / siRN elucidation in the translational
processes regulation.

When changes occur in a transcriptional network, it is not only important to
know which are the most modified genes in terms of gene expression level but also
what are the most relevant changes in the network context. It is important to identify
the interconnections between the altered genes between two biological conditions, the
identification of central miRNAs in these networks can be seen as a potential
prognostic or therapeutic biomarker, considering that modifying a miRNA may have a
great impact on the therapeutic targets , than by targeting a single gene. The
therapeutic effectiveness of a single dose of siRNA or miARN depends on a number of
factors. These include the stability of RNA molecules, the degree of release from the
surface or the inside of the therapeutic nanosite, as well as the half-life and the
turnover rate. A better understanding of the action mechanism can contribute to the
development of new therapeutic strategies using siRNA or miRNA.

Following colon cancer lines RKO and HCT 116 treatment with natural
phytochemicals, CAPE and Kaempferol followed by microarray analysis, the
occurrence of altered biological processes was observed.

Our data provides an expression pattern, functionally coordinated by different
gene families interconnected with miRNAs that may have new therapeutic targets for
treating cancer. Here we have to balance the high specificity of siRNA for a particular
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gene, or the ability to simultaneously target multiple genes, which may in some cases
be nonspecific.

General conclusions and study novelty

Following in vitro functional studies on CAPE and Kaempferol, it was found that
the two phytochemicals have an inhibitory effect on the colon cancer cell lines RKO
and HCT-116 and could be used in the future to develop new alternative therapeutic
strategies or to complement the effectiveness of conventional treatment strategies for
this malignancy. Furthermore, these compounds could also be used as preventive
agents for delaying or inhibiting the cancer occurence. In any case, important aspects
of in vivo effects such as dose efficiency, effects on healthy cells, molecular changes,
bioavailability and long-term exposure need to be addressed before coherent criteria
for therapeutic strategies are formulated.

This PhD study contains novelty elements in individual studies and in overall
research on the therapeutic effect of natural phytochemical compounds in colon cancer.

Specifically, in vitro research has demonstrated the ability of natural
phytochemical compounds, CAPE and Kaempferol, to modulate extended encoding gene
and long non-coding genes, but in a differentiated manner depending on the colon cancer
cell line and the applied treatment.

Their effectiveness has also been demonstrated to eliminate pathogenic DNA
mutations with inhibitory effect on colon cancer cell proliferation. This aspect is an
important element in the therapeutic strategies formulation taking into consideration the
ability of malignant cells to develop mutations to gain treatment resistance.

Overall, doctoral research brings new experimental data regarding the activity of
natural phytochemical compounds in colon cancer, which contributes to the development
of the preventive and therapeutic sector in the case of alternative medicine.
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