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Introducere
Cancerul pancreatic, unul dintre cele mai letale neoplazii umane, prezinta o rata de supravietuire de

numai 4%. Tratamentul chirugical este singura atitudine terapeutica cu intentie curativa avand in vedere
cd marea majoritate a acestori tumori sunt chimiorezistente. Din cauza agresivitatii acestor tumori, mai
putin de 20% sunt rezecabile In momentul manifestarii primelor simptome. Dezvoltarea unor strategii
terapeutice care au la baza nano-trasportori activi reprezinta o oportunitate captivanta de a imbunatati
abordarea si terapiile cancerului de pancreas. O alta provocare in managementul cancerului pancreatic
poate fi cu desdvarsire considerata problema chimiorezistentei, particularitate a acestei neoplazii care ar
putea fi contraatacata odata cu o mai buna intelegere a factorilor particulari de mediu implicati In aceasta
patologie, in ideea posibilititii de dezvoltare a unor noi terapii nano-mediate. In pofida multitudinii
impedimentelor care disturba dezvoltarea unor tratamente eficiente, unul dintre cei mai importanti factori
care afecteaza eficienta chimioterapiei este slaba vascularizatie in combinatie cu o stroma tumorala
puternici. In acest sens, nanotehnologia propune strategii care si revolutioneze standardul de tratament
in cancer prin tehnici de terapie tintita nanomediata, care sa conduca agentul terapeutic direct la locul
tumorii. Noile tehnologii anticancer nano-mediate isi propun obtinerea unei mai bune distributii a
agentului terapeutic si imbunatatirea efectului local al acestuia, aceste metode avand la baza observatiile
stiintifice pe termen lung conform carora vascularizatia tumorii prezinta un grad ridicat de permeabilitate,
fiind astfel o importanta poarta de intrare farmacologica catre mediul biologic tumoral. Acestea se bazaza
pe sisteme nanotehnologice ce au demonstrat o imbunatatire a efecientei curative si care au permis
controlul asupra celulelor maligne. Totodata, combinantia dintre nano-transportori si agentul terapeutic
biodisponibil a demonstrat o siguranta superioara si o buna alternativa de targetare.

1. Progrese realizate in domeniul nanotehnologiei cu aplicatii in tratamentul cancerului de
pancreas

1.1. Introducere

Cresterea incidentei si a mortalitatii poate fi atribuita naturii agresive si letale a acestui tip de cancer,
caracterizat printr-o raspandire rapida in sistemul limfatic si organele Indepartate, ramanand adesea
asimptomatice pana la stadiul IV. Prezenta metastazelor nedetectabile la momentul diagnosticului,
ifmpreund cu insuficienta modalitatilor actuale de tratament, care se datoreaza obstacolelor precum
administrarea limitata a terapeuticelor, patrunderea slaba a medicamentului In tumora pancreatica si
rezistenta celulelor tumorale chimioterapice, contribuie colectiv la ratele persistent ridicate de mortalitate
ale aceastei boli. In ultimii ani a fost intens explorati utilizarea nanoparticulelor si a laserelor pentru
imbunatatirea hipertermiei ca tratament al cancerului pancreatic. Aceasta abordare este cunoscuta sub
numele de terapie hipertermica indusa de laser si foloseste conceptul de utilizare a nanoparticulelor in
vederea furnizarii de caldura celulelor maligne intr-o maniera tintita si controlata. Una dintre abordari este
folosirea nanoparticulelor pentru administrarea substantelor chimioterapice in mod specific celulelor
neoplazice pancreatice, reducandu-se astfel efectele adverse asociate cu chimioterapia traditionala prin
directionarea selectiva a celulelor bolnave si evitarea celulelor sanatoase. S-au dezvoltat, astfel, un tip de
nanoparticule cu proprietatea de a se concentra In mod special asupra celulelor canceroase, acestea
prezentand o supraexpresie a anumitor receptori, precum receptorii albuminei.



O alta abordare este utilizarea nanoparticulelor in cadrul investigatiilor de imagistica si
diagnosticare a cancerului pancreatic. Nanoparticulele pot fi concepute cu scopul de a se acumula in
tesuturile tumorale, permitand, astfel, detectarea timpurie si precisa a cancerului de pancreas si pot fi
utilizate pentru a urmari traseul substantelor medicamentoase in organism, oferind informatii in ceea ce
priveste distributia terapicelor si optimizarea strategiilor de tratament. De asemenea, acestea pot fi
utilizate pentru terapia hipertermica. Prin conducerea Np la locul tumoral si apoi incélzirea lor cu un laser,
celulele canceroase pot fi distruse selectiv, acesta semnificind un excelent potential de imbunatatirea a
rezultatelor terapiilor anticancer. Terapia fototermala plasmonica transforma energia fotonica in caldura
la nivel microcelular folosind nanoparticule cu aceasta proprietate speciald. Dintre acestea, AgNp prezinta
un interes aparte Intrucat beneficiaza de o absorbtie optica puternica, un nivel scazut toxicitate si pot fi
usor biofunctionalizate cu agenti farmaceutici activi sau transportori.

Principiul si obiectivul fundamental al nanomedicinei in terapia cancerului este reprezentat de
selectivitatea specificd la nivelul tesutului, conducand, astfel, la acumularea de nanoparticule in
exclusivitate in tesutul malign. Mai precis, membrana celulara a celulelor tumorale proliferative prezinta o
supraabundenta de receptori care pot fi utilizati ca tinte selective pentru nanoparticulele conjugate cu
anticorpi.

Motivati de aceste date stiintifice si avand in vedere cd nanoparticulele de argint au rezonante
puternice in NIR pentru a functiona ca agenti fototermici, am dezvoltat si testat potentialul terapeutic
fototermic al unui sistem bio AgNPs-IgG impotriva unei tumori foarte agresive, cum ar fi cancerul
pancreatic.

1.2. Tipuri de nanoparticule utilizate in terapia tintiti mediate nanotehnologic in
cancerul de pancreas

Nanoparticulele de acid hialuronic obtinute prin absorbtia fizico-chimica a indocianinei verzi
(NanolCG), au fost folosite pentru identificarea intraoperatorie a carcinomului pancreatic. NanolICG s-a
dovedit a nu fi citotoxic pentru celulele pancreatice sandtoase si nu a stimulat chemotaxia sau fagocitoza.
Agrearea acestuia a fost constatata la nivelul pancreasului in cazul unui model de adenocarcinom ductal
pancreatic, demonstrand o imbunatatire In acumularea agentului de contrast la nivelul celulelor
pancreatice maligne, in comparatie cu celulele pancreatice sandtoase. Microscopia cu fluorescenta a
evidentiat un grad de fluorescenta net superior la nivelul metastazelor pancreatice si splenice in cazul
utilizarii NanoICG in comparatie cu indocianina verde singura. NanolCG au fost supuse unor analize
profunde efectuate pe modele animale, profilul de siguranta in vivo al acestora conturand astfel o toxicitate
insignifianta, demonstrandu-se faptul ca NanoICG reprezinta un puternic agent de contrast si un factor
important in detectarea intraoperatorie a cancerului pancreatic.

De asemenea, chimioterapia mixta poate reprezenta o solutie la problematica multirezistentei
medicamentoase a acestor cazuri, bazdndu-se pe faptul ca diferite substante medicamentoase actioneaza
in diferite etape ale dinamicii celulare maligne. Spre exemplu, combinarea Gemcitabinei (GMC) cu
Quercetina (QCT) a dovedit un impact considerabil in supresarea evolutiei celulelor maligne pancreatice.

2. Progrese in domeniul nanofototermolizei selectiv mediate laser in tratamentul cancerului
de pancreas

Incapsularea fotosensibilizatorilor (PS) la nivelul nanoparticulelor are mai multe avantaje in
contextul terapiei fotodinamice (PDT) pentru cancerul pancreatic: solubilitatea si stabilitatea PS-urilor,
prevenirea autodistrugerii si cresterea consecutiva a randamentului de oxigen singlet, capacitatea de a
furniza oxigen sau a produce oxigen in situ, ceea ce poate ajuta la atenuarea hipoxiei tumorale, un cunoscut
factor ce Impiedica eficacitatea PDT. Se remarca abilitatea NP de a targeta celulele tumorale, facilitata de



imbunititirea efectului de permeabilitate si retentie (EPR). In plus, NP-urile pot fi functionalizate cu liganzi
specifici pentru a permite tintirea activi a tumorilor. in timp ce PDT si-a demonstrat capacitatea de a
eradica celulele canceroase 1n conditii optime, aparitia recidivei tumorii ramane o provocare atunci cand
PDT este folosita ca interventie de sine statatoare In medii clinice practice. Acest fenomen poate fi atribuit
eradicarii incomplete a celulelor canceroase, care este partial influentata de distributia heterogena a
fotosensibilizatorilor (PS) si a luminii in tesuturile tumorale. Mai mult, conditiile hipoxice exacerbate
induse de PDT activeaza diferite cdi de semnalizare care promoveaza supravietuirea celulelor canceroase
si mecanismele de evaziune. In consecinti, existi o necesitate presanti de a explora efectele sinergice ale
combinarii PDT cu alte abordari terapeutice pentru a maximiza eficacitatea terapeutica generald in
tratamentul cancerului.

3. Studiul 1 - Sinteza, biofunctionalizarea si caracterizarea nanoparticulelor
3.1. Ipoteza de lucru

Motivul din spatele acestei ipoteze este ca celulele tumorale cu proliferare foarte mare supraexprima
receptori specifici pe membrane lor care pot servi drept tinte pentru nanoparticulele functionalizate cu
anticorpi. Existd o relatie stransa intre nivelurile ridicate de anticorpi IgG si promovarea proliferarii
celulelor canceroase, a invaziei si a prognosticului clinic slab la pacientii cu tumori. De asemenea, blocarea
IgG derivata din celulele tumorale a inhibat dezvoltarea celulelor tumorale. Astfel, am dezvoltat si testat
potentialul therapeutic fototermic al unui nanobiosistem IgG-AgNPs impotriva unei tumori foarte agresive
precum cancerul pancreatic.

3.2. Material si metoda
3.2.1. Sinteza Nanoparticulelor

In urma reducerii ionilor de argint in prezenta citratului de sodiu, au fost sintetizate nanoparticule
de argint (AgNP). 20 mg AgNO3 au fost dizolvate in 100 ml H20 distilat, iar solutia a fost adusa la
temperatura de fierbere. Apoi, s-au adaugat rapid 5 mL solutie de citrat de sodiu (0,5%) sub agitare
continua si reactia a fost lasata sa continue pana cand a ajuns la o nuanta de galben pal.

Functionalizarea IgG cu nanoparticule de argint a fost efectuata folosind folinat de calciu (CF) in
urma reactiei a 6 ml solutie de IgG 5 mg/ml cu 3 ml sol. NHS si 3mL sol. EDC sub agitare continua timp de
25 de minute la temperature camerei. Apoi, s-au adaugat 2 mL de CF si reactia a fost ldsata sa continue inca
30 de minute. Purificarea fragmentelor IgG-CF a fost efectuata utilizdnd concentratoare centrifugale cu o
limita moleculara de 30 kDa la 4000 RPM / 60 min. Conjugatul IgG-CF a fost redizolvat in 12 mL de H20
distilata si amestecat cu AgNP-uri in timp ce se agitd continuu timp de 60 de minute. in cele din urma,
biosistemul AgNPs a fost separate prin centrifugare la 13200 RPM / 20 min. si re-dispersat in H20 distilat
la diferite concentratii. Pentru a efectua analiza in situ a interfetelor si pentru a investiga absorbtia de
suprafata a grupurilor IgG pe nanoparticule de argint, au fost efectuate investigatii de spectroscopie cu
transformata Fourier IR si reflectanta totala atenuatda (ATR-FT-IR) folosind un instrument Perkin-Elmer
Spectrum Two® echipat cu modul ATR. Toate spectrele inregistrate au fost procesate cu software-ul
Spectrum 10™.

Pentru a obtine date calitative si cantitative despre proprietatile fizice AgNP, inclusiv dimensiunea,
morfologia si textura suprafetei, au fost efectuate masuratori prin microscopie de forta atomica cu un
instrument TT-AFM® Workshop . Investigatiile de spectroscopie UV-Vis au fost efectuate cu un instrument
Shimadzu UV-1800™. Spectrele au fost inregistrate indomeniul 800-200nm, cu o rezolutie spectrala de
0.5nm. Pentru normalizerea spectrelor s-a folosit software-ul OriginLab® 7.0. Au fost efectuate investigatii
de spectroscopie IR pentru a identifica prezenta pe structura secundara a proteinelor in bionanosistemul



AgNPs. Benzile de absorbantd au fost comparate cu valorile standard pentru a identifica grupele
functionale.

Analiza dinamica a difractiei luminii a fost efectuatd pentru a determina dimensiunea
nanoparticulelor de argint functionalizate cu molecule IgG, cota lor numerica si de volum si intensitatea
luminii imprastiate.

3.3. Concluzii. Rezultate

Am reusit cu succes sinteza si biofunctionalizarea unui nanobiocompozit pe baza de nanoparticule
de argint si imunoglobulind G cu potential terapeutic in tratamentul cancerului de pancreas.

4. Studiul 2. Citotoxicitatea indusa prin iradierea laser sau prin administrarea AGNps-IgG
4.1. Introducere

Celulele PANC-1 reprezinta o linie celulara de epiteliu carcinomatos atasat, utilizat in mod curent ca
si model pentru studiul in vitro al carcinogenezei adenocarcinomului ductal pancreatic, dar si a
potentialelor terapii anti-cancer. Acestea sunt izolate dintr-un carcinom ductal pancreatic care provine de
la un pacient caucazian de sex masculin in varsta de 56 de ani. Celulele PANC-1 detin fenotipul B pentru
G6PD. Testarea PCR prin repetare sincrond rapida (PCR-STR) efectuatd de ECACC (European Collection of
Authenticated Cell Cultures) nu a reusit sa identifice cromozomul Y, instabilitatea genetica fiind o
caracteristica cariotipica comuna a liniilor celulare tumorale in care cromozomul Y poate fi rearanjat sau
chiar pierdut.

4.2. Ipoteza de lucru

Inainte de a testa raspunsul in vitro al celulelor tratate cu nanoparticule de argint biofunctionalizate
la iradierea laser, am investigat posibilul efect al citotoxicitatii induse de administrarea nanoparticulelor
de aur in celule. Celulele PANC-1 au fost tratate cu diferite concentratii de AgNPs-IgG pentru intervale de
incubatie diferite. Testul Anexin-V de detectarea a necrozei celulare a fost utilizat pentru a evalua efectul
bioconjugatelor GNPs asupra viabilitatii celulelor.

4.3. Material si metoda

4.3.1. Culturile celulare
Am realizat efectuarea de culturi de celule pancreatice neoplazice prin purificare, cultivarea
acestora pe medii selective, Intretinerea culturilor prin monitorizare zilnica si modulare prin tehnici
laborator specifice. Am realizat experimentele utilizand linia celularda PANC-1, linie achizitionata (ECACC)
si care a necesitat numai dezghetarea capitalului celular achitionat alaturi de crearea conditiilor optime
necesare supravietuirii si multiplicarii.

4.3.2. Celulele PANC-1. Pregaitirea in vederea experimentului.

Am respectat un program de mentinere, nutrire si pasare pentru pastrarea unei densitati celulare
normale, a unui nivel optim de nutrient, precum si a nivelului de Ph optim recomandat de firma
producatoare si am efectuat stocarea mediului in tuburi sterile ce au fost pastrate in baia termostatata
pentru pre-conditionare termica, am introdus recipientul de criogenare in baia marina la 37 grade Celsius
cu agitare permanentd, respectatand conditiile necesare reducerii la minim a riscului de contaminare. Am
aspirat continutul si am adaugat o cantitate redusa de mediu. Dupa centrifugare la 4000 rpm timp de 10
minute, am aspirat mediul folosit fara a mobilize celulele. Am detasat de pe suprafata tubului posibilele
agregate celulare prin percutia lateral usoara a tubului, dupa care am adaugat o cantitate redusa de mediu
in tub. Dupa aspirarea intregului continut astfel obtinut, am plasat suspensia celulara in placi de cultura,
dupi care acestea au fost introduse in incubator. In a 2-a zi dupa dezghetare, am aspirat mediul vechi



(EMEM+SFB 10%¢+Penicilina-Streptomicina) si am inlocuit cu mediu nou. Am recurs la pasaj cand celulele
au fost 80-90% confluente.

4.3.3. Evaluarea functiei mitocondriale

Obiectivul nostru s-a extins la obtinerea unei evaluari mai precise a activitatii mitocondriale in
celulele care au fost supuse tratamentului care implica simpla administrare de nanoparticule de aur
functionalizate (GNP). Diverse forme de stimuli care induc stress (expunerea la radiatii, compusi
farmaceutici, nanomateriale) au potentialul de a provoca disfunctii mitocondriale. Aceastd actiune speciala
poate fi monitorizata Indeaproape si in timp real prin utilizarea unui fluorocrom cu penetrare celulara
incarcat pozitiv, care este preluat selectiv de mitocondriile cu respiratie activa din celulele cultivate in vitro,
este folosit in scopul colorarii mitocondriilor in celulele vii. Difuzia pasiva a colorantului MitoTracker Red
CMXRos, un colorant rosu-fluorescent care contine o grupare clorometil usor reactiva cu tiol in interiorul
celulelor este conditionata de prezenta unui potential de membrana. Ulterior tratamentului, In celulele
maligne pancreatice a fost introdusa o solutie de colorare preincalzita care contine sonda MitoTracker, iar
aceste celule au fost ulterior supuse examinarii la microscop cu fluorescenta.

4.4. Rezultate
4.4.1. Evaluarea morfologica a culturilor celulare prin microscopia cu contrast

Am finceput prin examinarea culturilor obtinute In vederea depistdrii oricaror indicii de
contaminare. Am recurs la separarea celulelor cand 1:4 au devenit confluente in proportie de 80-90%. Am
continuat cu inldturarea si aruncarea mediului de cultura folosit. Am limpezit usor stratul celular cu un
volum egal de PBS pH 7.4 si apoi l-am indepartat prin aspirare cu o pipeta Pasteur. Ulterior, am addugat 3
ml tripsina 0,25% (w/v) + 0,53 mM solutie EDTA in epubete si am analizat celulele cu ajutorul
microscopului inversat pana cand stratul celular s-a disperat (5 minute). Am completat cu 7-10 ml mediu
de crestere si am colectat celulele prin pipetare blanda. Ulterior, am adaugat alicotele adecvate suspensiei
celulare in noi recipente de cultura si am incalzit Tripsina la 37 grade C pentru accelerarea degajarii
celulare.

4.4.2. Evaluarea stresului oxidativ si a raspunsului mitocondrial la administrarea de
AGNPs-IgG

Am evaluat functia mitocondriala si produsii de stres oxidativ utilizdnd kitul de analiza
mitocondriald Mitotraker-red. Mitocondriile celulelor tratate doar cu AGNPs-IgG prezinta fluorescenta
ramificatd, luminoasd, uniform raspandita in citoplasma celulelor, sugerand puternic o functie
mitocondriald normala. Datele statistice au aratat ca expunerea In sine a nanomaterialelor nu a indus efecte
citotoxice semnificative In cazul concentratiilor mici si mijlocii (p>0,05 pentru toate comparatiile).
Urmatorul pas in eliminarea oricarei posibile erori a fost reprezentat de iradierea timp de 2 minute a unui
esantion de celule fara nanoparticule, folosind un fascicul laser de 808 nm si 2W. Nu a existat liza celulara
dupa iradiere. Procesul demonstreaza transparenta PANC-1 pentru fasciculul NIR.

4.5. Discutii

Scopul principal al acestei investigatii a fost de a dezvolta si a testa o noud metoda de tratament
pentru cancerul pancreatic. In consecints, o intelegere cuprinzitoare a efectelor toxice dependente de
dimensiune si a caracteristicilor de suprafata ale NP-urilor de aur este imperativa pentru a prezice cu
exactitate toxicitatea acestora.



4.6. Concluzii

Datele statistice au ardtat ca expunerea in sine a nanomaterialelor nu a indus efecte citotoxice
semnificative in cazul concentratiilor mici si mijlocii (p>0,05 pentru toate comparatiile).

5. Studiul 3. Tratamentul nanofototermal in vitro mediat de nanoparticule de argint
biofunctionalizate

5.1. Introducere

In acest studiu, am administrat AgNp sintetizate si functionalizate cu molecule IgG liniilor celulare
de cancer pancreatic. in continuare, celulele au fost fotoexcitate utilizind laser 2w 808 nm si au fost
administrate In continuare liniilor celulare de cancer pancreatic PANC-1. Am folosit citometria in flux si
microscopia confocald combinatd cu colorarea imunochimica pentru a examina interactiunea dintre
nanoparticulele de argint foto excitate si celulele canceroase pancreatice. Terapia fototermala bazata pe
nanoparticule de argint functionalizate Ig_G in cancerul pancreatic induce disfunctie in aparatul Golgi.
Acest lucru duce la activarea caii apoptotice a caspazei-3, ducand in cele din urm4, la apoptoza celulara.
Descoperirile sugereaza ca tratamentul nostru cu laser cu nanoparticule IgG ar putea apdrea ca o abordare
inovativa pentru terapia cancerului pancreatic.

5.2. Ipoteza de lucru

Scopul final al terapiei laser nanomediate Impotriva cancerului este atingerea selectivitatii tisulare.
Am dezvoltat si testat potentialul terapeutic foto-termic al unui sistem nano-bio AgNPs-IgG impotriva unui
sistem foarte tumoare agresiva, cum ar fi cancerul pancreatic.

5.3. Material si Metoda
5.3.1. Cultura de celule

Celulele utilizate in acest studiu (Panc-1 si celule epiteliale) au fost ultivate in continuare in mediu
de cultura MEM (Minimum EssentialMedium) cu 10% ser fetal bovin la 37 ° C Intr-o atmosfera umidificata.
de 5% CO2 folosind flacoane de 25 cm3 de plastic pentru cultura de tesut (Corning) pana la confluenta.

5.3.2. Aparatul Golgi (AG), caspaza 3 si testul de detectare a nucleului (N),

100 pL de solutie de testare au fost administrate celulelor. Apoi, celulele au fost tratate cu solutii de
colorare multiple (100 uL/godeu, 30 de minute, 4°C, la intuneric). A fost aplicatd o a doua etapa de spalare
(3 x mediu rece cu gheata), urmata de imersarea celulelor intr-un mediu proaspat rece cu gheata (37°C, 30
minute). Dupa spalare cu 100 pL de fixare tampon de spalare (10% formol, 5 minute), celulele au fost
detasate si montate pe o lamela de acoperire. Analiza microscopiei cu fluorescenta a fost efectuata folosind
filtre standard pentru a detecta semnale de emisie fluorescente distincte: FITC (aparatul Golgi), Rhodamine
(caspaza 3) si DAPI (nucleu). Viabilitatea celulara In urma tratamentului a fost evaluata folosind testul
MTT. Dupa tratament, celulele au fost incubate timp de 4 ore cu 0,8 mg/ml de reactiv MTT diluat in mediu
fara ser. S-a adaugat 1 ml solutie de DMSO sub agitare completa timp de 10 minute pana la dizolvarea totala.
Alicote (150 microlitri) din solutiile rezultate au fost transferate in placi cu 96 de godeuri si absorbanta a
fost obtinuta la 560 nm folosind cititorul de microplaci Victor 3.

5.4. Analize statistice

Testul Wilcoxon a fost utilizat pentru compararea datelor pentru aceeasi concentratie intre doua
grupuri. Un nivel de eroare alfa <0,05 a fost ales pentru toate testele. Analiza datelor a fost efectuata
folosind pachetele statistice SPSS.



5.5. Rezultate
5.5.1. Detectarea apoptozei

Moartea celulelor canceroase PANC-1 ca rezultat al activarii caii apoptotice, a fost semnificativ mai
mare in comparatie cu celulele de control si aceasta a fost dependenta de concentratie.

5.5.2. Tratamentul fototermic cu AgNPs-IgG-CF determina disfunctia aparatului Golgi cu
activarea consecventa a caspazei 3

In urma tratamentului cu 50 pug / ml AgNPs-IgG-CF (1 or4, 37 ° C) a fost observati o pribusire
completa a aparatului Golgi, un organel cheie in functia celulara. Aceasta deteriorare fizica a
compartimentului Golgi a fost de asemenea observata atunci cand AgNPs-IgG-CF au fost administrate la
concentratii mai mici intr-o maniera dependenta de doza.

5.5.3. Evaluarea toxicitatii celulare in urma administrarii AgNPs-IgG-CF

Din motive de sigurantd, inainte de a testa raspunsul in vitro al celulelor tratate cu AgNP-IgG-CF la
iradierea cu laser, am examinat daca administrarea simpla de AgNP-IgG-CF induce toxicitate semnificativa
in celulele PANC-1. Nu au fost identificate semne de necroza sau distrugere celulara in urma iradierii.

5.5.4. Evaluarea necrozei celulare dupa tratamentul cu laser si administrarea AgNPs-IgG-
CF

Analiza MTT a ratei de supravietuire dupa iradierea cu laser a AgNPs-IgG-CF a celulelor maligne a
scazut dela 68,2% (pentru 50 pg/mL) la 25,2% (5 pg/mL) la 60 de secunde, in timp ce la 30 de minute rata
terapeutici a scazut de la 79,1% (50 pg/mL) la 32,3% (5 pg/mL), valoarea p <0,05. In schimb, rata de liza
a celulelor epiteliale tratate in conditii similare a fost semnificativ mai mic3; cu rate necrotice variind de la
26,1%(50 pg/mL) la 4,2%(5 pg/mL) timp de 60 de secunde, 26,3%(50 pg/mL) la 6,8%(5 pg/mL) timp de
30 de minute pentru celulele econtrol iradiate . Ratele necrotice dintre cele doua linii celulare in urma
tratamentului LASER AgNPs-IgG-CF au fost, de asemenea, semnificativ diferite (valorile p au fost <0,05 in
toate grupurile) dupa incubare timp de 60 de minute, la concentratii scazute/medii de AgNPs-IgG (78,1).
% - 50 pg/mL, pentru celulele PANC-1, 59,1% - 50 pg/mL, pentru celulele martor).

6. Concluzii generale

Obiectivul principal al acestui studiu a fost dezvoltarea si testarea unei noi metode de tratament
pentru carcinomul pancreatic uman. Am explorat rolul AgNPs-IgG-CF ca agenti inductori de caldura
plasmonica sub expunerea la laser. Folosind iradierea laser continua, am obtinut diferente semnificative
intre AgNPs-IgG-CF si AgNp-uri in ceea ce priveste procentul de liza a celulelor PANC-1 dupa iradiere (p
<0,05) pentru concentratii scazute la 60 de secunde si 30 de minute de incubare. Din cunostintele noastre,
aceasta este prima demonstratie a ablatiei termice mediatd de laser a celulelor canceroase pancreatice
folosind IgG-AGNP. In sistemele biologice, procesele de transport membranar molecular sunt de foarte
scurtd duratd, in termeni de secunde. Prin urmare, datele noastre ar putea avea un impact clinic
semnificativ atunci cand se utilizeaza AgNPs-IgG-CF pentru terapia fototermala a celulelor canceroase
pancreatice. Rezultatele prezentate ar putea fi un pas fnainte spre dezvoltarea de noi nanoterapii termice
impotriva cancerului pancreatic folosind ablatia termicd nanolocalizata prin activare cu laser. Cu toate
acestea, sunt necesare studii pentru a evalua cu atentie reactiile toxice neasteptate si interactiunile
biologice ale AgNPs-1gG-CF atunci cand sunt administrate organismelor vii.
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Introduction

Pancreatic cancer, one of the deadliest human neoplasms, has a survival rate of only 4%. Surgical
treatment is the only therapeutic approach with curative intent considering that the vast majority of these
tumors are chemoresistant. Because of the aggressiveness of these tumors, less than 20% are resectable at
the time of the first symptoms. The development of therapeutic strategies based on active nanocarriers
represents an exciting opportunity to improve the approach and therapies of pancreatic cancer. Another
challenge in the management of pancreatic cancer can absolutely be considered the problem of
chemoresistance, a particularity of this neoplasia that could be counterattacked with a better
understanding of the particular environmental factors involved in this pathology, in the idea of the
possibility of developing new nano therapies - mediated. Despite the multitude of impediments that disturb
the development of effective treatments, one of the most important factors affecting the effectiveness of
chemotherapy is poor vascularity in combination with a strong tumor stroma. In this sense,
nanotechnology proposes strategies that will revolutionize the standard of treatment in cancer through
nanomediated targeted therapy techniques, which will lead the therapeutic agent directly to the tumor site.
The new nano-mediated anticancer technologies aim to obtain a better distribution of the therapeutic
agent and improve its local effect, these methods being based on the long-term scientific observations
according to which the tumor vasculature presents a high degree of permeability, thus being an important
gate of pharmacological entry to the tumor biological environment. They are based on nanotechnological
systems that have demonstrated an improvement in curative efficiency and that have allowed the control
of malignant cells. At the same time, the combination of nano-carriers and the bioavailable therapeutic
agent demonstrated superior safety and a good targeting alternative.

1. Advances in nanotechnology with applications in the treatment of pancreatic cancer
1.1. Introduction

The increase in incidence and mortality can be attributed to the aggressive and lethal nature of this
type of cancer, characterized by rapid spread to the lymphatic system and distant organs, often remaining
asymptomatic until stage IV. The presence of undetectable metastases at the time of diagnosis, together
with the inadequacy of current treatment modalities, which are due to obstacles such as limited
administration of therapeutics, poor penetration of the drug into the pancreatic tumor, and resistance of
tumor cells to chemotherapy, collectively contribute to the persistently high mortality rates of this disease.
In recent years, the use of nanoparticles and lasers to enhance hyperthermia as a treatment for pancreatic
cancer has been intensively explored. This approach is known as laser-induced hyperthermic therapy and
uses the concept of using nanoparticles to deliver heat to malignant cells in a targeted and controlled
manner. One approach is to use nanoparticles to deliver chemotherapy substances specifically to
pancreatic neoplastic cells, thus reducing the adverse effects associated with traditional chemotherapy by
selectively targeting diseased cells and avoiding healthy cells. Thus, a type of nanoparticles have been
developed with the property of focusing specifically on cancer cells, which present an overexpression of
certain receptors, such as albumin receptors.

Another approach is the use of nanoparticles in pancreatic cancer imaging and diagnostic investigations.
Nanoparticles can be designed to accumulate in tumor tissues, thus allowing early and accurate detection
of pancreatic cancer, and can be used to trace the route of drug substances in the body, providing
information regarding the distribution of therapeutics and optimization strategies for treatment. They can
also be used for hyperthermic therapy. By driving Np to the tumor site and then heating them with a laser,
cancer cells can be selectively destroyed, which means an excellent potential for improving the results of
anticancer therapies. Plasmonic photothermal therapy transforms photon energy into heat at the



microcellular level using nanoparticles with this special property. Among them, AgNp is of particular
interest since it benefits from a strong optical absorption, a low level of toxicity and can be easily
biofunctionalized with active pharmaceutical agents or carriers.

The fundamental principle and objective of nanomedicine in cancer therapy is represented by the specific
selectivity at the tissue level, thus leading to the accumulation of nanoparticles exclusively in the malignant
tissue. More specifically, the cell membrane of proliferative tumor cells exhibits an overabundance of
receptors that can be used as selective targets for antibody-conjugated nanoparticles.

Motivated by these scientific data and considering that silver nanoparticles have strong resonances in the
NIR to function as photothermal agents, we developed and tested the photothermal therapeutic potential
of an AgNPs-IgG biosystem against a highly aggressive tumor such as pancreatic cancer .

1.2. Types of nanoparticles used in nanotechnology-mediated targeted therapy in
pancreatic cancer

Hyaluronic acid nanoparticles obtained by the physicochemical absorption of indocyanine green
(NanolICG) have been used for the intraoperative identification of pancreatic carcinoma. NanolCG was
found to be non-cytotoxic to healthy pancreatic cells and did not stimulate chemotaxis or phagocytosis. Its
uptake was found in the pancreas in a model of pancreatic ductal adenocarcinoma, demonstrating an
improvement in contrast agent accumulation in malignant pancreatic cells compared to healthy pancreatic
cells. Fluorescence microscopy revealed a markedly higher degree of fluorescence in pancreatic and splenic
metastases with NanoICG compared to indocyanine green alone. NanoICG has been subjected to deep
analyzes performed in animal models, with their in vivo safety profile showing negligible toxicity,
demonstrating that NanolICG is a powerful contrast agent and an important factor in the intraoperative
detection of pancreatic cancer.

Also, mixed chemotherapy can represent a solution to the problem of multidrug resistance in these cases,
based on the fact that different medicinal substances act in different stages of malignant cell dynamics. For
example, the combination of Gemcitabine (GMC) with Quercetin (QCT) proved a considerable impact in
suppressing the evolution of malignant pancreatic cells.

2. Advances in the field of selective laser-mediated nanophotothermolysis in the treatment of
pancreatic cancer

Encapsulation of photosensitizers (PS) at the nanoparticle level has several advantages in the context
of photodynamic therapy (PDT) for pancreatic cancer: solubility and stability of PSs, prevention of self-
destruction and consequent increase in singlet oxygen yield, ability to supply oxygen or produce oxygen in
situ, which may help to alleviate tumor hypoxia, a known factor hindering the effectiveness of PDT. The
ability of NPs to target tumor cells, facilitated by the improvement of the permeability and retention effect
(EPR), is noted. In addition, NPs can be functionalized with specific ligands to enable active tumor targeting.
While PDT has demonstrated its ability to eradicate cancer cells under optimal conditions, the occurrence
of tumor recurrence remains a challenge when PDT is used as a stand-alone intervention in practical
clinical settings. This phenomenon can be attributed to the incomplete eradication of cancer cells, which is
partly influenced by the heterogeneous distribution of photosensitizers (PS) and light in tumor tissues.
Moreover, the exacerbated hypoxic conditions induced by PDT activate different signaling pathways that
promote cancer cell survival and evasion mechanisms. Consequently, there is a pressing need to explore
the synergistic effects of combining PDT with other therapeutic approaches to maximize overall
therapeutic efficacy in cancer treatment.



3. Study 1 - Synthesis, biofunctionalization and characterization of nanoparticles

3.1. Working hypothesis

The rationale behind this hypothesis is that highly proliferating tumor cells overexpress specific
receptors on their membranes that can serve as targets for antibody-functionalized nanoparticles. There
is a close relationship between high levels of IgG antibodies and the promotion of cancer cell proliferation,
invasion and poor clinical prognosis in tumor patients. Blockade of tumor cell-derived IgG also inhibited
tumor cell growth. Thus, we developed and tested the photothermal therapeutic potential of an IgG-AgNPs
nanobiosystem against a very aggressive tumor such as pancreatic cancer.

3.2. Material and method

3.2.1. Synthesis of Nanoparticles

Following the reduction of silver ions in the presence of sodium citrate, silver nanoparticles (AgNPs)
were synthesized. 20 mg of AgNO3 were dissolved in 100 ml of distilled H20, and the solution was brought
to boiling temperature. Then, 5 mL of sodium citrate solution (0.5%) was quickly added under continuous
stirring and the reaction was allowed to proceed until it reached a pale yellow shade.

Functionalization of IgG with silver nanoparticles was performed using calcium folinate (CF) following the
reaction of 6 ml of 5 mg/ml IgG solution with 3 ml of sol. NHS and 3mL sol. EDC under continuous stirring
for 25 minutes at room temperature. Then, 2 mL of CF was added and the reaction was allowed to proceed
for another 30 min. Purification of IgG-CF fragments was performed using centrifugal concentrators with
a molecular cutoff of 30 kDa at 4000 RPM / 60 min. The IgG-CF conjugate was redissolved in 12 mL of
distilled H 2 O and mixed with AgNPs while continuously stirring for 60 min. Finally, the AgNPs biosystem
were separated by centrifugation at 13200 RPM / 20 min. and re-dispersed in distilled H20 at various
concentrations. To perform in situ analysis of the interfaces and to investigate the surface absorption of
IgG groups on silver nanoparticles, Fourier transform IR and attenuated total reflectance (ATR-FT-IR)
spectroscopy investigations were performed using a Perkin-Elmer instrument Spectrum Two® equipped
with ATR module. All recorded spectra were processed with Spectrum 10™ software.

Dynamic light diffraction analysis was performed to determine the size of silver nanoparticles
functionalized with IgG molecules, their number and volume ratio, and the intensity of the scattered light.

3.3. Conclusions. Results
We have successfully achieved the synthesis and biofunctionalization of a nanobiocomposite based on
silver nanoparticles and immunoglobulin G with therapeutic potential in the treatment of pancreatic
cancer.

4. Study 2. Cytotoxicity induced by laser irradiation or by AGNps-IgG administration

4.1. Introduction

PANC-1 cells represent a cell line of attached carcinomatous epithelium, currently used as a model for
the in vitro study of pancreatic ductal adenocarcinoma carcinogenesis, but also of potential anti-cancer
therapies. They are isolated from a pancreatic ductal carcinoma originating from a 56-year-old Caucasian
male patient. PANC-1 cells possess the B phenotype for G6PD. Rapid synchronous repeat PCR (PCR-STR)
testing by ECACC (European Collection of Authenticated Cell Cultures) failed to identify the Y chromosome,
genetic instability being a common karyotypic feature of tumor cell lines in which the Y chromosome may
be rearranged or even lost.

4.2, Working hypothesis

Before testing the in vitro response of cells treated with biofunctionalized silver nanoparticles to laser
irradiation, we investigated the possible effect of cytotoxicity induced by the administration of gold
nanoparticles into cells. PANC-1 cells were treated with different concentrations of AgNPs-IgG for different



incubation intervals. The Annexin-V cell necrosis detection assay was used to evaluate the effect of GNPs
bioconjugates on cell viability.

4.3. Material and method

4.3.1. Cell cultures

We achieved the performance of neoplastic pancreatic cell cultures through purification, their
cultivation on selective media, the maintenance of cultures through daily monitoring and modulation
through specific laboratory techniques. We performed the experiments using the PANC-1 cell line, an
acquired line (ECACC) and which required only the thawing of the purchased cell capital along with the
creation of the optimal conditions necessary for survival and multiplication.

4.3.2. PANC-1 cells. Preparation for the experiment.

We followed a maintenance, feeding and breeding program to maintain a normal cell density, an
optimal nutrient level, as well as the optimal Ph level recommended by the manufacturing company and
we stored the medium in sterile tubes that were kept in the thermostatic bath for thermal pre-conditioning,
we introduced the cryogenic container into the marine bath at 37 degrees Celsius with permanent stirring,
respecting the conditions necessary to minimize the risk of contamination. I aspirated the contents and
added a small amount of medium. After centrifugation at 4000 rpm for 10 minutes, we aspirated the used
medium without mobilizing the cells. We detached possible cell aggregates from the surface of the tube by
gently tapping the side of the tube, after which we added a small amount of medium to the tube. After
aspirating the entire content thus obtained, I placed the cell suspension in culture plates, after which they
were introduced into the incubator. On the 2nd day after thawing, we aspirated the old medium
(EMEM+SFB 10%¢+Penicillin-Streptomycin) and replaced with new medium. We resorted to passage when
cells were 80-90% confluent.

4.3.3. Assessment of mitochondrial function

Our objective extended to obtaining a more accurate assessment of mitochondrial activity in cells that
were subjected to treatment involving the simple administration of functionalized gold nanoparticles
(GNPs). Various forms of stress-inducing stimuli (radiation exposure, pharmaceutical compounds,
nanomaterials) have the potential to cause mitochondrial dysfunction. This particular action can be
monitored closely and in real time by using a positively charged cell-penetrating fluorochrome, which is
selectively taken up by actively respiring mitochondria in cells cultured in vitro, is used for the purpose of
staining mitochondria in living cells. Passive diffusion of MitoTracker Red CMXRos dye, a red-fluorescent
dye containing a slightly thiol-reactive chloromethyl group inside cells is conditioned by the presence of a
membrane potential. After treatment, a pre-warmed staining solution containing the MitoTracker probe
was introduced into the pancreatic malignant cells, and these cells were subsequently examined under a
fluorescence microscope.

4.4, Result

4.4.1. Morphological evaluation of cell cultures by contrast microscopy

We began by examining the cultures obtained for any signs of contamination. We resorted to cell
separation when 1:4 became 80-90% confluent. We proceeded with the removal and disposal of the used
culture medium. We gently cleared the cell layer with an equal volume of PBS pH 7.4 and then removed it
by suction with a Pasteur pipette. Afterwards, we added 3 ml of 0.25% (w/v) trypsin + 0.53 mM EDTA
solution to the etubes and analyzed the cells using an inverted microscope until the cell layer was
desiccated (5 min). We topped up with 7-10 ml of growth medium and collected the cells by gentle
pipetting. Afterwards, we added appropriate aliquots of the cell suspension to new culture vessels and
heated Trypsin to 37 degrees C to accelerate cell detachment.



4.4.2. Assessment of oxidative stress and mitochondrial response to AGNPs-IgG
administration

We assessed mitochondrial function and oxidative stress products using the Mitotraker-red
mitochondrial assay kit. Mitochondria of cells treated with AGNPs-IgG alone show branched, bright
fluorescence uniformly spread throughout the cell cytoplasm, strongly suggesting normal mitochondrial
function. Statistical data showed that exposure to nanomaterials itself did not induce significant cytotoxic
effects in the case of low and medium concentrations (p>0.05 for all comparisons). The next step in
eliminating any possible error was to irradiate for 2 minutes a sample of cells without nanoparticles, using
a laser beam of 808 nm and 2W. There was no cell lysis after irradiation. The process demonstrates the
transparency of PANC-1 for the NIR beam.

4.5. Discussions

The main purpose of this investigation was to develop and test a new treatment method for pancreatic
cancer. Consequently, a comprehensive understanding of the size-dependent toxic effects and surface
features of gold NPs is imperative to accurately predict their toxicity.

4.6. Conclusions
Statistical data showed that exposure to nanomaterials itself did not induce significant cytotoxic effects
in the case of low and medium concentrations (p>0.05 for all comparisons).

5. Study 3. In vitro nanophotothermal treatment mediated by biofunctionalized silver
nanoparticles

5.1. Introduction

In this study, we administered AgNp synthesized and functionalized with IgG molecules to pancreatic
cancer cell lines. Next, cells were photoexcited using 2w 808 nm laser and further administered to PANC-
1 pancreatic cancer cell lines. We used flow cytometry and confocal microscopy combined with
immunochemical staining to examine the interaction between photoexcited silver nanoparticles and
pancreatic cancer cells. Photothermal therapy based on Ig_G functionalized silver nanoparticles in
pancreatic cancer induces dysfunction in the Golgi apparatus. This leads to activation of the caspase-3
apoptotic pathway, ultimately leading to cell apoptosis. The findings suggest that our IgG nanoparticle laser
treatment could emerge as an innovative approach for pancreatic cancer therapy.

5.2. Working hypothesis

The ultimate goal of nanomediated laser cancer therapy is to achieve tissue selectivity. We developed
and tested the photo-thermal therapeutic potential of a nano-bio AgNPs-IgG system against a very
aggressive tumor system, such as pancreatic cancer.

5.3. Material and method

5.3.1. Cell culture

The cells used in this study (Panc-1 and epithelial cells) were further cultured in MEM (Minimum
EssentialMedium) culture medium with 10% fetal bovine serum at 37 °C in a humidified atmosphere. of
5% CO2 using 25 cm3 plastic flasks for tissue culture (Corning) until confluence.

5.3.2. Golgi apparatus (AG), caspase 3 and nuclear detection assay (N),

100 pL of test solution was administered to the cells. Then, cells were treated with multiple staining
solutions (100 pL/well, 30 min, 4°C, in the dark). A second washing step (3 x ice-cold medium) was applied,
followed by immersion of the cells in fresh ice-cold medium (37°C, 30 minutes). After washing with 100 uL
of fixing wash buffer (10% formalin, 5 min), cells were detached and mounted on a coverslip. Fluorescence
microscopy analysis was performed using standard filters to detect distinct fluorescent emission signals:
FITC (Golgi apparatus), Rhodamine (caspase 3), and DAPI (nucleus). Cell viability following treatment was
assessed using the MTT assay. After treatment, cells were incubated for 4 h with 0.8 mg/ml MTT reagent



diluted in serum-free medium. 1 mL of DMSO solution was added under complete stirring for 10 min until
complete dissolution. Aliquots (150 microliters) of the resulting solutions were transferred to 96-well
plates and absorbance was obtained at 560 nm using the Victor 3 microplate reader.

5.4. Statistical analyses
The Wilcoxon test was used to compare data for the same concentration between two groups. An alpha
error level <0.05 was chosen for all tests. Data analysis was performed using SPSS statistical packages.

5.5. Result

5.5.1. Detection of apoptosis

Death of PANC-1 cancer cells as a result of activation of the apoptotic pathway was significantly higher
compared to control cells and this was concentration dependent.

5.5.2. Photothermal treatment with AgNPs-IgG-CF causes Golgi apparatus dysfunction with
consequent activation of caspase 3
Following treatment with 50 pg/ml AgNPs-IgG-CF (1 h, 37 °C), a complete collapse of the Golgi
apparatus, a key organelle in cellular function, was observed. This physical damage to the Golgi
compartment was also observed when AgNPs-IgG-CF were administered at lower concentrations in a dose-
dependent manner.

5.5.3. Evaluation of cellular toxicity following administration of AgNPs-IgG-CF

For safety reasons, before testing the in vitro response of AgNP-IgG-CF-treated cells to laser
irradiation, we examined whether single administration of AgNP-IgG-CF induces significant toxicity in
PANC-1 cells. No signs of necrosis or cell destruction following irradiation were identified.

5.5.4. Evaluation of cell necrosis after laser treatment and administration of AgNPs-I1gG-CF

MTT assay of the survival rate after laser irradiation of AgNPs-IgG-CF of malignant cells decreased
from 68.2% (for 50 pg/mL) to 25.2% (5 pg/mL) at 60 seconds, while at 30 minutes the therapeutic rate
decreased from 79.1% (50 pg/mL) to 32.3% (5 ug/mL), p value <0.05. In contrast, the lysis rate of epithelial
cells treated under similar conditions was significantly lower; with necrotic rates ranging from 26.1%(50
pug/mL) to 4.2%(5 pg/mL) for 60 seconds, 26.3%(50 pg/mL) to 6.8%(5 pg/mL) for 30 minutes for
irradiated econtrol cells. The necrotic rates between the two cell lines following AgNPs-IgG-CF LASER
treatment were also significantly different (p-values were <0.05 in all groups) after 60 min incubation at
low/medium concentrations of AgNPs-IgG (78.1). % - 50 pg/mL, for PANC-1 cells, 59.1% - 50 pg/mL, for
control cells).

6. General conclusions

The main objective of this study was to develop and test a new treatment method for human pancreatic
carcinoma. We explored the role of AgNPs-IgG-CF as plasmonic heat inducing agents under laser exposure.
Using continuous laser irradiation, we obtained significant differences between AgNPs-IgG-CF and AgNp
in the percentage of PANC-1 cell lysis after irradiation (p < 0.05) for low concentrations at 60 seconds and
30 incubation minutes. To our knowledge, this is the first demonstration of laser-mediated thermal
ablation of pancreatic cancer cells using IgG-AGNPs. In biological systems, molecular membrane transport
processes are very short-lived, in terms of seconds. Therefore, our data could have a significant clinical
impact when using AgNPs-IgG-CF for photothermal therapy of pancreatic cancer cells. The presented
results could be a step forward towards the development of new thermal nanotherapies against pancreatic
cancer using nanolocalized thermal ablation by laser activation. However, studies are needed to carefully
evaluate the unexpected toxic reactions and biological interactions of AgNPs-IgG-CF when administered to
living organisms.



