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REZUMAT

Rezistenta la antibiotice este o crizd de sandtate publicd, in crestere la nivel mondial. Utilizarea
excesivd si fara discernamant a antibioticelor pentru tratarea infectiilor bacteriene a dus la
aparitia bacteriilor rezistente la medicamente, care implicd o povard financiard si medicald
substantiala la nivel global. In special, infectiile bacteriene care afecteazi sistemul nervos central
(SNC) sunt extrem de dificil de tratat din cauza barierei hemato-encefalice (BBB). Prin urmare,
existd o nevoie urgenta de terapii noi si fard antibiotice, cuplate cu sisteme de livrare pentru un
transport eficient si directionat cétre locurile de infectie din creier. Acest proiect 1si propune sa
dezvolte sisteme de administrare tintitd a medicamentelor (nDDS), bazate pe nanotehnologie,
pentru a furniza agenti antibacterieni inovatori si a lupta impotriva agentilor patogeni bacterieni
neuroinvazivi, folosind meningita bacteriana ca studiu pentru validarea conceptului. Tn mod
specific, peptidele antimicrobiene noi si stabile (AMP), cu activitate antibiotica puternica, vor fi
proiectate, sintetizate si evaluate ca agenti non-antibiotici. AMP-urile promitatoare vor fi
Tncapsulate in nDSS-uri pe baza de lipide, polimeri si dendrimeri, care vor fi apoi incarcate cu
peptide BBB-homing. Nanoformularile astfel obtinute vor fi evaluate pentru incrucisarea intre
BBB si activitatea antibacteriana impotriva agentilor patogeni bacterieni neuroinvazivi in vitro,
folosind experimente pe baza de celule si in vivo folosind modele animale relevante pentru
meningita bacteriand. Cei mai promitatori candidati vor fi utilizati pentru studii preclinice
ulterioare. Succesul acestui proiect va oferi o dovada a conceptului si dovezi preclinice pentru
traducerea conceptelor in studii clinice impotriva neuropatogenilor bacterieni. Ne asteptdm sa
stabilim o strategie nanomedicald eficientd pentru studiile preclinice, de extindere si de
reglementare investigationale noi care sa permita medicamente. Este foarte probabil ca proiectul
sa aiba ca rezultat generarea proprietatii intelectuale relevante din punct de vedere clinic, precum

si progrese semnificative in cercetarea antibacteriana si aplicatiile clinice ulterioare.
OBIECTIVUL PROIECTULUI

Rezistenta la antibiotice face ca tratamentele antibacteriene conventionale sa fie din ce in ce mai
dificile. In special, infectiile bacteriene rezistente care afecteazi sistemul nervos central (SNC)
sunt extrem de dificil de tratat din cauza barierei hemato-encefalice (BBB). Meningita
bacteriand, o infectie a SNC, este printre primele zece cauze ale deceselor legate de infectie. Desi

antibioticele sunt utilizate impotriva meningitei bacteriene, adesea sunt necesare doze mari si



tratament prelungit, din cauza biodistributiei scazute a antibioticelor in BBB alaturi de rezistenta
la antibiotice. In consecint, exista o nevoie urgenta de terapii noi si non-antibiotice, cuplate cu
sisteme de livrare care pot traversa eficient BBB pentru tratarea meningitei bacteriene.
Nanotehnologia a aparut ca o noud abordare interesantda si promitatoare de tratare a bolilor,
oferind instrumente unice cu potentialul de a schimba fundamental tratamentul bolilor
infectioase neurologice. Acest proiect isi propune sd dezvolte sisteme tintite de livrare a
medicamentelor (nDDS) bazate pe nanotehnologie pentru a furniza agenti antibacterieni
inovatori si pentru a lupta Impotriva neuroinfectiilor, folosind meningita bacteriand ca studiu de
dovadid a conceptului. In mod specific, peptidele antimicrobiene noi si stabile (AMP), cu

activitate antibiotica puternica, vor fi proiectate, sintetizate si evaluate ca agenti non-antibiotici.

Proiectul nostru combind aplicarea nanotehnologiei cu cercetarea multidisciplinard pentru a
aborda meningita bacteriand, care constituie o provocare medicald nerezolvatd si pentru care
existd o nevoie presantd de un tratament eficient. Proiectul isi propune sa incurajeze cercetarea
translationala pentru a trata infectiile bacteriene ale creierului, pentru care livrarea de

medicamente in BBB reprezinta o mare provocare.

Exista multe tipuri diferite de nanomateriale cu proprietati unice, care pot fi exploatate pentru
administrarea de medicamente pentru a trata infectiile bacteriene. Dintre acestea, nanosistemele
pe baza de lipide si polimeri sunt cele mai studiate. In plus, dendrimerii, o familie speciala de
polimeri sintetici, sunt deosebit de atragatori pentru livrarea medicamentelor datorita structurilor
lor bine definite, cooperativitatii unice multivalente si incarcaturii mari de medicament, precum
si conjugarii usoare cu liganzi de origine pentru incrucisarea BBB si livrarea tintitd la leziunile

bolii. Tn creier.

In acest proiect, vom elabora nanosisteme pe bazi de lipide, polimeri si dendrimeri pentru a
transporta agenti antibacterieni non-antibiotici, care vor fi apoi incarcati cu peptidele de
traversare BBB. Acest concept bazat pe nanotehnologie pentru tratarea infectiilor creierului este
nou si provocator. Important este ca strategiile si metodologiile propuse se bazeaza pe expertiza,
resursele si rezultatele pilot existente ale partenerilor din cadrul acestui consortiu. Proiectul
nostru este multidisciplinar si combind diverse aspecte ale nanostiintei (proiectare, sinteza,
caracterizare si evaluare), biotehnologie, microbiologie si stiintd biomedicald. Toti partenerii

acestui consortiu impartasesc ambitia stiintificA comuna In dezvoltarea nanomedicinei pentru



tratarea infectiilor bacteriene si a meningitei, cu scopul de a promova nanomedicina in practica

reala.
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REZULTATE ESTIMATE

Acest proiect isi propune sd dezvolte sisteme inovatoare de livrare bazate pe nanotehnologie
(nDDS) pentru a transporta noi agenti antimicrobieni prin BBB pentru tratamentul infectiilor
neurologice. Mai exact, vom stabili nanosisteme pe baza de lipide, polimeri si dendrimeri pentru
a transporta agenti antibacterieni noi, non-antibiotici, care vor fi decorati cu peptide de origine
pentru trecerea BBB si livrarea la creier, folosind meningita bacteriand ca dovada de studiu de
concept. In acest proiect, vom dezvolta noi nanosisteme functionale pentru a furniza agenti
antibacterieni in BBB ca tratament pentru meningita bacteriand. Proiectul nostru este o

colaborare transnationald intre sectoarele de cercetare din mediul academic, organizatii de



sandtate publicd si companii private din cinci tari diferite, care reuneste expertiza si tehnologiile
complementare intr-un mod extrem de integrator. Toti partenerii din acest consortiu impartasesc
interese comune si ambitia stiintificd in dezvoltarea nanomedicamentelor candidati pentru
tratarea neuroinfectiilor bacteriene, cum ar fi meningita, cu scopul de a extinde domeniul
nanomedicinei 1n aplicatii clinice reale. Proiectul este interdisciplinar si acopera diverse aspecte
ale chimiei, stiintei materialelor, microbiologiei, nanotehnologiei, stiintei farmaceutice si
aplicatiilor biomedicale. Datoritd metodologiilor complexe si foarte specializate, echipele
individuale ar fi in imposibilitatea de a desfagsura munca de propunere in mod independent si fara
o colaborare stransa. Livrarea tintitd a agentilor antibacterieni cétre creier este un efort dificil
care necesitd expertiza si tehnologii combinate, dar care are o mare promisiune terapeutica daca

are Succes.

Proiectul abordeaza o problema importantad de sanatate, si anume infectia bacteriand neurologica.
Meningita bacteriand este o infectie a sistemului nervos central si se numara printre primele zece
cauze ale deceselor cauzate de infectii. Este asociatd cu morbiditate semnificativa, mortalitate si
sechele nervoase pe termen lung. De fapt, aproximativ 30-50% dintre supravietuitorii meningitei
bacteriene sufera de tulburari neurologice severe. Important este cd problemele neurologice,
cognitive, comportamentale sau de sanatate mintala cauzate de meningita bacteriand au un
impact extraordinar asupra calitatii vietii pacientilor. Desi antibioticele sunt utilizate Impotriva
meningitei bacteriene, necesitd doze mari si tratament prelungit, din cauza biodistributiei scazute
a antibioticelor prin BBB. In consecinti, este nevoie urgenti de dezvoltarea strategici a terapiei

pentru a lupta impotriva meningitei bacteriene si a neuroinfectiilor in general.

In acest proiect, vom dezvolta noi nanosisteme functionale pentru a furniza agenti antibacterieni
in BBB ca tratament pentru meningita bacteriand. Succesul proiectului poate deschide drumul

pentru o noud abordare terapeutica a meningitei si a altor infectii ale creierului.

Deoarece am obtinut deja rezultate pilot foarte promitdtoare cu nanosisteme dendrimer cu
activitate antibacteriand si pentru livrarea medicamentelor, sansele noastre de a dezvolta
nanosisteme eficiente si inovatoare pentru tratarea meningitei bacteriene sunt considerabile. Mai
mult, aceeasi strategie si nanosisteme ar putea fi utilizate pentru alte infectii ale creierului si boli
ale creierului, in cazul in care livrarea medicamentelor traverseaza BBB si ajunge la creier este o

provocare formidabild. Succesul acestui proiect va retine potentialul de Imbunatitire a



tratamentului antibacterian, conducand la o mai buna calitate a vietii pentru cetatenii UE,

intarind, de asemenea, pozitia UE Tn nanomedicina.

Exploatarea va fi evaluatd pe parcursul proiectului si va include o analizd prealabild a
brevetabilitatii si un plan de valorizare. Brevetarea ar fi prima optiune de protectie si va fi
efectuatd dupd o analiza adecvatd a libertatii de operare de citre departamentele juridice ale
partenerilor si va oferi servicii de consultantd pentru a se asigura ca exploabilitatea proiectului
este maximizata. Activitatile de difuzare planificate vor spori vizibilitatea proiectului pe
comunitatile si grupurile tinta selectate, atat la nivel european, cat si la nivel international. Pentru
a maximiza impactul, se va acorda o atentie deosebitd apropierii grupurilor specifice ale partilor
interesate, cum ar fi: factorii de decizie (EC, organizatiile civile si ale societatii civile, ONG-urile
etc.), cadre universitare, grupuri de consultare, investitori, potentiali utilizatori finali comerciali
si publicul larg. Va fi pusa in aplicare depozitarea publicatiilor intr-un depozit online selectat
prin intermediul serviciului Open Access Infrastructure for Research in Europe (OpenAIRE) sau
al Registrului de depozite de acces deschis (ROAR, http://roar.eprints.org/).

Institutul Cantacuzino isi va extinde experienta anterioard asupra modelelor de animale pe
osteomielitd, consolidand astfel o platforma experimentald cuprinzatoare, multidisciplinara,
pentru abordari viitoare in medicina inovatoare si / sau materiale pentru terapia meningitelor

bacteriene.
2022
Activitati efectuate

INCDMM Cantacuzino (IC) a fost invitat sa facd parte din acest consortiu ca urmare a
necesitatii de testare pe animale vii a sistemelor nanostructurate ce se vor crea. Tinand cont de
expertiza Institutului Cantacuzino in microbiologie si medicina experimentald, am propus
crearea de modele experimentale pe soarece de infectii experimentale cu Neisseria sp. si Borelia

sp., urmand apoi ca aceste modele sa fie inoculate cu sistemele propuse de parteneri.

Tntrucét s-a dorit ca tulpinile de bacterii sa fie similare in cele 2 institutii care lucreaza cu
ele, respectiv Institutul de Neurobiologie din Slovacia si Institutul Cantacuzino, 2 cercetatori din

IC au efectuat un stagiu de pregatire in Slovacia de unde au venit cu tulpini de la cele 2 bacterii.



Tulpina de pneumococ Neisseria meningitidis este o tulpina clinica, izolata in spitalul din
Kosice de la un pacient ce a decedat de meningita in 2012. Ea a fost intens folosita de partenerii
din Slovacia si am reluat-o si noi la Bucuresti pentru a o testa pe modelul animal. La IC a fost
testatd, pasata pe medii de cultura si crioprezevata efectuindu-se pe ea mai multe teste in vitro.
Tulpina de meningococ din Slovacia a fost cultivata cu succes, a fost verificata pentru puritate si
depozitatd in ultracongelator. Am testat mai multe inocule de concentratii CFU/mL diferite

conform modelului murin existent, iar inoculul a fost standardizat.

Ca si tulpini de Borellia sp., am primit din Slovacia mai multe tulpini. Tulpinile T-25
(neuropatogene), SKT-2 G2, RIO-2, G1 si VS-116 au fost crescute cu succes, verificate pentru
puritate, patogenitate si caractere culturale in camp intunecat si depozitate in ultracongelator in
consecinta. Tulpina neuropatogena duplicata SKT-7.1 nu a crescut in ambele tuburi (verificata la
5, 6, 7 si 8 saptamani). Mediile au ramas rosii si nu au fost observate bacterii in forma de spirala
sau alte morfologii bacteriene la microscopie Tn camp intunecat. S-a luat decizia de a se continua
cu cealalta tulpind neuropatogend. Am adunat documentatie cu privire la modelele de
neuroboreliozd murind, le-am discutat si am facut un model brut, bazat pe cele gasite, inclusiv
rasa soarecilor care urmeaza sa fie folositd: C3H. Deoarece stim ca Borrelia nu poate fi numarata
folosind un nefelometru, am convenit sa folosim o camera de numarare ca metoda de numarare

pentru inocul, care este, de asemenea, folositd in unele dintre modele.

Ca si activitate preliminara a studiilor pe animale, a fost elaborat protocolul de studiu
care a fost supus evaluarii comisiei de eticd a Institutului Cantacuzino primind aviz favorabil,

proiectele fiint autorizate de catre autoritatea competenta.
2023
Inducerea meningitei la soarecii de laborator

INCDMM Cantacuzino (IC) a fost invitat sa faca parte din acest consortiu ca urmare a
necesitatii de testare pe animale vii a sistemelor nano-structurate ce se vor crea. Tinand cont de
expertiza Institutului Cantacuzino In microbiologie si medicina experimentald, am propus
crearea de modele experimentale pe soarece de infectii experimentale, urmand apoi ca aceste

modele sa fie tratate cu sistemele propuse de parteneri.



Prima etapa din inducerea bolii la soarece a constat din pregatirea inoculului. Apoi
inocularea Neisseria meningitidis (Nm) la soareci. Animalele incluse in studiu au fost soareci
albi, tulpinile BALB/C si CD1, varsta de 8-10 saptamani la debutul studiului. Bacteriile, au fost
inoculate 1n cisterna magna, cu o seringa cu ac de 30G. Dupa inoculare, animalele au fost plasate

in custi. Monitorizarea clinicd a constat in: semne clinice, temperatura, greutate corporala.

Din punct de vedere clinic, indiferent de concentratia bacteriei animalele au prezentat o
deteriorare a starii generale de sanatate, caracterizatd prin semne neurologice, scadere in

greutate, diaree, secretii oculare purulente, letargie, hipotermie.

Conform protocolului de lucru, animalele au fost eutanasiate la 48h, 72h si in ziua 7. Au
fost prelevate 4 tipuri de probe: 10 uL de lichid cefalorahidian inoculat pe mediu agar ciocolata,
buciti de tesut cerebral care au fost Intinse pe un mediu de agar- ciocolata, restul creierului care a
fost plasat in 12 ml de mediu BHI si cateva probe de creier pentru analiza histologicd. 50 % din
animale au avut Nm viabil, crescut pe placi cu mediu - agar ciocolata insdmantate cu bucati de

tesut cerebral.

Testele s-au repetat pentru validarea lor. S-au inoculat in plus loturi cu Nm inactivata

termic si loturi tratate cu cloramfenicol pentru a vedea rezistenta la antibiotic.

Rezultatele au ardtat ca niciun soarece nu a murit la loturile cu Nm inactivat, insa la

loturile inoculate cu antibiotic au murit 100% ceea ce indica o tulpind foarte patogend (figura
10).

Probele histologice au evidentiat la animale, focare majore de meningitd, vase de sange
cu aspect crescut in volum, leziuni discrete specifice encefalitei (teci perivasculare) si infiltrat

neutrofil puternic (Figura 11).

Pe baza rezultatelor consideram ca am reusit reproducerea meningitei la soarece, alegind

concentratia finald de OD 3 = 1,5 * 10° CFU/mL.
B. Inducerea neuro-boreliozei

Pentru inducerea neuro-boreliozei s-a folosit urmatorul protocol:



Animale: Soareci din tulpinile CD1, BALB/C si C3H/HeN de 7-8 saptamani la momentul

inocularii.

Cultura si stabilirea modelului de infectie: Tulpina Borrelia bavariensis SKT-7.1 cultivata
in BSK-II (/BSK-H cu 6% ser de iepure inactivat termic) la 37°C, 5% CO2. Pasajele de Bb
(Borrelia bavariensis) sunt inregistrate; Toate Bb folosite pentru infectie au avut un numar de

pasaje nu mai mare de 6.

Se cultivd pand la o concentratie aproximativa de 2x10” bacterii/ml. (Cuantificarea se

face folosind camera de numarat Petroff-Hausser sub camp intunecat).

Alicotele de culturd de Borrelia se dilueaza in mediu BSK-H pentru a obtine concentratia

de 1x10°/mL (1/2).

O cantitate de 100 uL de inocul (ce contine 1x10° /mL Bb/soarece) se administreaza
intradermic pe linia mediana dorsala toracica si intracerebral la soareci. Se subliniaza importanta
inocului asupra regisirii boreliilor in creier sau dura la 7 zile dupa inoculare, 10° /mL si 10%/mL

fiind concentratiile ideale identificate.
Animalele din lotul control sunt inoculate intradermic cu 100uL de mediu BSK-H.

Cultivare tisulara (Gold standard) pentru a determina daca spirochetele sunt prezente si

viabile.
Soarecii sunt eutanasiati la 7, 14 si 21 de zile: 33% din lot in fiecare instanta.

Timpii sunt alesi datorita faptului ca este nevoie de 7 zile pentru inducerea modelului si
tratamentul conventional al bolii Lyme (neuroborelioza) se recomanda a se face timp de minim

14 zile.

Se preleva ureche, vezica urinara, cord, articulatie, creierul si meningele pentru

microbiologie.

Tesuturile sunt evaluate prin cultivarea in BSK-H cu gentamicina pentru 12 zile.
Numarul de borelii care au crescut in ziua 12 este cuantificat folosind camera de numarat

Petroff-Hausser sub camp intunecat.



Din analiza datelor am concluzionat ca ca Borrelia b. inoculatd fie intradermic, fie
intracerebral ajunge in creier. Mai departe vom utiliza modelul de neuroborelioza indusa prin

inoculare intracerebrald deoarece durata de reproducere a bolii este mai scurta.
Evaluarea in vitro a activititii antimicrobiene si a toxicitatii nanoparticulelor

De la partenerii din proiect s-au primit nanoparticule inglobate Tn tratamentul nano-

structurat.

O determinare suplimentard a fost aceea a absorbantei spectrometrice a solutiei de
compus testat, Tntrucét, s-a determinat experimental, ca aceasta conduce la o crestere a valorii

masurate in primele godeuri (dilutii) ale compusului.

Pentru determinarea concentratiei minime bactericide (CMB), s-a prelevat cu ansa sterila
1uL de suspensie bacteriana care a fost insdmantat pe o placa de agar chocolat pentru testarea
efectului bactericid vs. bacteriostatic. Cea mai mica concentratie (cea mai mare dilutie) la care

bacteria nu a mai crescut pe placa a fost interpretata ca fiind CMB.

Experimental, s-a constatat faptul ca suspensia compusilor prezintd o absorbantd
intrinseca la OD 630 nm. Astfel, s-a practicat dilutia binara in godeuri si inregistrarea rezultatelor

spectrofotometrice ale absorbtiei.

Pentru grupurile in care in dendrimer s-a inserat antibiotic si pe a carui suprafatd s-au
complexat, in diverse combinatii, molecule necesare pentru transportul trans-barierd
hematoencefalica (Angiopep-2) si de tintire N. meningitidis (nanobody VHH-F3-Tfrl) s-au
obtinut rezultate similare, ce se incadreaza in norma de +/- 2 dilutii, cu exceptia grupului 6
(DDC18-8TA + Ciprofloxacin + VHH-F3-Tfrl + Cy5.5) care a demonstrat valori mai joase ale
CMI si CMB atat in mediu BHI cat si MH. Diferenta s-ar putea datora prezentei de nanobody pe

suprafata compusilor, in absenta angiopep care ar putea conduce la antagonism/competitie.

Rezultatele in vitro confirma activitatea antibacteriana si lipsa toxicitatii la tratamentul

nano-structurat creat de partenerii din consortiu.

Urmeaza evaluarea tratamentelor pe modelele animale propuse.



Din proiect s-au facut 2 prezentari orale la conferinte nationale, 2 postere prezentate (1

conferinta nationald, 1 conferintd internationald) si 1 articol BDIL.
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SUMMARY

Antibiotic resistance is a growing health crisis worldwide. The indiscriminate overuse of
antibiotics to treat bacterial infections, led to the emergence of drug-resistant bacteria, which
incurs a substantial healthcare and financial burden globally. In particular, bacterial infections
affecting the center nervous system (CNS) are extremely difficult to treat due to the blood-brain
barrier (BBB). Therefore, there is an urgent need for novel and non-antibiotic-based therapeutics
coupled with delivery systems for effective and targeted transport to the infection sites in brain.
This project aims to develop nanotechnology-based targeted drug delivery systems (nDDSs) to
deliver innovative antibacterial agents and fight neuroinvasive bacterial pathogens, using
bacterial meningitis as a proof-of-concept study. Specifically, novel and stable antimicrobial
peptides (AMPs), with potent antibiotic activity, will be designed, synthetized and evaluated as
non-antibiotic agents. Promising AMPs will be encapsulated within lipid-, polymer- and
dendrimer-based nDSSs, which will then be decorated with BBB-homing peptides. The so-
obtained nano-formulations will be assessed for BBB crossing and antibacterial activity against
neuroinvasive bacterial pathogens in vitro, using cell-based experiments, and in vivo using
relevant animal models for bacterial meningitis. The most promising candidates will be used for
further preclinical studies. The success of this project will provide a proof-of-concept and
preclinical evidence for translating concepts into clinical studies against bacterial
neuropathogens. We expect to establish an effective nano-medical strategy for downstream
investigational new drug-enabling preclinical, scale-up, and regulatory studies. The project is
highly likely to result in the generation of clinically relevant Intellectual Property, as well as

significant advances in antibacterial research and subsequent clinical applications.
PROJECT OBJECTIVE

Antibiotic resistance renders conventional antibacterial treatments increasingly challenging. In
particular, resistant bacterial infections affecting the central nervous system (CNS) are extremely
difficult to treat due to the blood-brain barrier (BBB). Bacterial meningitis, a CNS infection, is
among the top ten causes of infection-related deaths. Although antibiotics are used against
bacterial meningitis, often high doses and prolonged treatment are required, because of the low



biodistribution of the antibiotics across the BBB alongside antibiotic resistance. Consequently,
there is an urgent need for novel and non-antibiotic-based therapeutics, coupled with delivery

systems that can effectively cross the BBB for treating bacterial meningitis.

Nanotechnology has arisen as an exciting and promising new approach of treating diseases,
offering unique tools with the potential to fundamentally change the treatment of neurological
infectious diseases. This project aims to develop nanotechnology-based targeted drug delivery
systems (nDDSs) to deliver innovative antibacterial agents and fight neuroinfections, using
bacterial meningitis as a proof-of-concept study. Specifically, novel and stable antimicrobial
peptides (AMPs), with potent antibiotic activity, will be designed, synthetized and evaluated as
non-antibiotic agents. Promising AMPs will be encapsulated within nanotechnology-based drug
delivery systems, which will then be decorated with the BBB-homing peptides. The so-obtained
nanodrug candidates will be assessed for BBB crossing and antibacterial activity in vitro, using
cell-based experiments, and in vivo using animal models for bacterial meningitis. The most
promising candidates will be conducted for further preclinical studies. Our project combines the
application of nanotechnology with multidisciplinary research to tackle the bacterial meningitis,
which constitutes an unmet medical challenge and for which there is a pressing need of an
efficacious treatment. The project aims to foster translational research to treat brain bacterial
infections, for which delivering drugs across the BBB constitutes a great challenge. Thus, this
proposal fits perfectly in the scope of this call. There are many different types of nanomaterials
with unique properties that can be exploited for drug delivery to treat bacterial infections.
Among them, lipid- and polymer-based nanosystems are the most extensively studied. In
addition, dendrimers, a special family of synthetic polymers, are particularly appealing for drug
delivery because of their well-defined structures, unique multivalent cooperativity and high drug
loading as well as facile conjugation with homing ligands for BBB crossing and targeted delivery

to disease lesions in brain.

In this project, we will elaborate lipid-, polymer- and dendrimer-based nanosystems to carry non-
antibiotic antibacterial agents, which will then be decorated with the BBB-crossing peptides.
This nanotechnology-based concept to treat brain infections is novel and challenging.
Importantly, the proposed strategies and methodologies are based on the existing expertise,

resource and pilot results of the partners within this consortium. Our project is multidisciplinary



and combines various aspects of nanoscience (design, synthesis, characterization and

evaluation), biotechnology, microbiology, and biomedical science. All the partners in this

consortium share the common scientific ambition in developing nanomedicine to treat bacterial

infections and meningitis, with aiming to promote nanomedicine into the real practice.
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ESTIMATED RESULTS

This project aims to develop innovative nanotechnology-based delivery systems (nDDSs) to
transport novel antimicrobial agents across the BBB for the treatment of neurological infections.

Specifically, we will establish lipid-, polymer- and dendrimer-based nanosystems to carry novel,

non-antibiotic antibacterial agents, which will be decorated with homing peptides for BBB

crossing and delivery to the brain, using bacterial meningitis as a proof-of-concept study.

In this project, we will develop novel functional nanosystems to deliver antibacterial agents

across the BBB as treatment for bacterial meningitis. Our project is a transnational collaboration



among academia research sectors, public health organization and private company from five
different countries, bringing together complementary expertise and technologies in a highly
integrative manner. All the partners in this consortium share common interests and scientific
ambition in developing nanodrug candidates to treat bacterial neuroinfections such as meningitis,
aiming to expanding the field of nanomedicine into real clinical applications. The project is
interdisciplinary and covers various aspects of chemistry, material science, microbiology,
nanotechnology, pharmaceutical science and biomedical applications. Due to complex and
highly specialized methodologies, the individual teams would be unable to conduct the proposal
work independently and without a close collaboration. Targeted delivery of antibacterial agents
to brain is a challenging endeavor requiring combined expertise and technologies, but bearing a

great therapeutic promise if successful.

The project addresses an important health issue, namely, neurological bacterial infection.
Bacterial meningitis is a central nerve system infection and is among the top ten causes of
infection-related deaths. It is associated with significant morbidity, mortality and long-term
nervous sequelae. In fact, approximately 30-50% of bacterial meningitis survivors suffer from
severe neurological disorders. Importantly, neurological, cognitive, behavioral or mental health
problems caused by bacterial meningitis have a tremendous impact on the life quality of the
patients. Although antibiotics are used against bacterial meningitis, it requires high doses and
prolonged treatment, because of the low biodistribution of the antibiotics across the BBB.
Consequently, there is an urgent need for the strategic development of therapeutics to fight

against bacterial meningitis and neuroinfections in general.

In this project, we will develop novel functional nanosystems to deliver antibacterial agents
across the BBB as treatment for bacterial meningitis. The success of the project can pave the

road for a new therapeutical approach to meningitis and other brain infections as well.

As we have already obtained very promising pilot results with dendrimer nanosystems of
antibacterial activity and for drug delivery, our chances of developing efficacious and innovative
nanosystems for treating bacterial meningitis are considerable. Moreover, the same strategy and
nanosystems could be used for other brain infections and brain diseases, where drug delivery

cross BBB and reach the brain is of formidable challenge. The success of this project will



withhold the potential of improving antibacterial treatment, leading to better quality of life for

EU citizens, also strengthening the EU’s position in Nanomedicine.

Exploitation will be evaluated during the project and will include a prior patentability analysis
and a valorization plan. Patenting would be the first protection option and will be performed after
a proper freedom-to-operate analysis by the legal departments of the partners, and will provide

consulting services to ensure that the project exploitability is maximized.

The planned dissemination activities will increase the visibility of the project on the selected
communities and target groups, both at European and international level. In order to maximize
the impact, particular attention will be paid to the proximity of specific groups of stakeholders,
such as: decision makers (EC, civil and civil society organizations, NGOs, etc.), academics,
consultative groups, investors, potential commercial end-users and the general public. The
storage of publications will be implemented in an online repository selected through the Open
Access Infrastructure for Research in Europe (OpenAlIRE) service or the Open Access Deposit
Register (ROAR, http://roar.eprints.org/).

The Cantacuzino Institute will extend its previous experience on animal models on bacterial
infections, thus consolidating a comprehensive, multidisciplinary experimental platform for

future approaches in innovative medicine and / or materials for bacterial therapy.
2022
Activities performed

INCDMM Cantacuzino (IC) was invited to be part of this consortium as a result of the need to
test on living animals the nanostructured systems that will be created. Taking into account the
expertise of the Cantacuzino Institute in microbiology and experimental medicine, we proposed
the creation of experimental mouse models of experimental infections with Neisseria sp. and

Borelia sp., and these models will then be inoculated with the systems proposed by the partners.

Since it was desired that the strains of bacteria be similar in the 2 institutions that work with
them, respectively the Institute of Neurobiology in Slovakia and the Cantacuzino Institute, 2
researchers from IC carried out a training internship in Slovakia where they came with strains

from the 2 bacteria.



The pneumococcal strain Neisseria meningitidis is a clinical strain, isolated in the hospital in
Kosice from a patient who died of meningitis in 2012. It was intensively used by the partners in
Slovakia and we took it back to Bucharest to test it on the model animal. At IC it was tested,
passaged on culture media and cryopreserved, performing several in vitro tests on it. The
meningococcal strain from Slovakia was successfully cultured, checked for purity and stored in a
deep freezer. We tested several inocula of different CFU/mL concentrations according to the

existing murine model, and the inoculum was standardized.

As well as strains of Borellia sp., we received several strains from Slovakia. T-25
(neuropathogenic), SKT-2 G2, RIO-2, G1, and VS-116 strains were successfully grown, checked
for purity, pathogenicity, and dark-field cultural characters and stored in the deep freezer
accordingly. The duplicate neuropathogenic strain SKT-7.1 did not grow in both tubes (checked
at 5, 6, 7 and 8 weeks). The media remained red, and no spiral-shaped bacteria or other bacterial
morphologies were observed under dark-field microscopy. The decision was made to proceed
with the other neuropathogenic strain. We gathered documentation on murine neuroborreliosis
models, discussed them, and made a rough model based on what we found, including the strain
of mice to be used: C3H. Since we know that Borrelia cannot be counted using a nephelometer,
we agreed to use a counting chamber as the counting method for the inoculum, which is also

used in some of the models.

As a preliminary activity of the animal studies, the study protocol was developed, which was
evaluated by the Cantacuzino Institute's ethics committee, receiving a favorable opinion, the

projects being authorized by the competent authority.
2023
Induction of meningitis in laboratory mice

INCDMM Cantacuzino (IC) was invited to be part of this consortium as a result of the need to
test on living animals the nano-structured systems that will be created. Taking into account the
expertise of the Cantacuzino Institute in microbiology and experimental medicine, we proposed
the creation of experimental mouse models of experimental infections, and then these models

would be treated with the systems proposed by the partners.



The first step in the induction of disease in the mouse consisted of the preparation of the
inoculum. Then Neisseria meningitidis (Nm) inoculation in mice. The animals included in the
study were white mice, BALB/C and CD1 strains, aged 8-10 weeks at the start of the study.
Bacteria were inoculated into the cisterna magna with a 30G needle syringe. After inoculation,
animals were placed in cages. Clinical monitoring consisted of: clinical signs, temperature, body

weight.

From a clinical point of view, regardless of the concentration of the bacteria, the animals
presented a deterioration of the general state of health, characterized by neurological signs,
weight loss, diarrhea, purulent eye secretions, lethargy, hypothermia.

According to the work protocol, the animals were euthanized at 48h, 72h and on day 7. 4 types
of samples were taken: 10 uL of cerebrospinal fluid inoculated on chocolate agar medium, pieces
of brain tissue that were spread on a chocolate agar medium, the rest of the brain which was
placed in 12 ml of BHI medium and some brain samples for histological analysis. 50% of the
animals had viable Nm grown on chocolate agar medium plates seeded with pieces of brain
tissue. The tests were repeated for their validation. Batches with heat-inactivated Nm and batches

treated with chloramphenicol were additionally inoculated to see antibiotic resistance.

The results showed that no mice died in the groups with inactivated Nm, but in the groups

inoculated with the antibiotic 100% died indicating a highly pathogenic strain .

Histological samples revealed in the animals, major foci of meningitis, blood vessels with an
increased volume appearance, discrete encephalitis-specific lesions (perivascular sheaths) and
strong neutrophilic infiltrate.

Based on the results, we consider that we succeeded in reproducing meningitis in mice, choosing
the final concentration of OD 3 = 1.5 * 10® CFU/mL.

B. Induction of neuro-borreliosis
The following protocol was used to induce neuroborreliosis:

Animals: Mice of CD1, BALB/C and C3H/HeN strains 7-8 weeks old at time of inoculation.



Culture and establishment of infection model: Borrelia bavariensis strain SKT-7.1 grown in
BSK-II (/BSK-H with 6% heat-inactivated rabbit serum) at 37°C, 5% CO2. Passages of Bb
(Borrelia bavariensis) are recorded; All Bb used for infection had a passage number of no more
than 6.

Grow to a concentration of approximately 2x10” bacteria/ml. (Quantification is done using the
Petroff-Hausser counter under dark field). Borrelia culture aliquots are diluted in BSK-H

medium to obtain a concentration of 1x10’/mL (1/2).

An amount of 100 pL of the inoculum (containing 1x10° /mL Bb/mouse) is administered
intradermally on the midline dorsal thoracic and intracerebral to mice. The importance of the
inoculum on the recovery of Borrelia in the brain or dura 7 days after inoculation is emphasized,
105 /mL and 106 /mL being the ideal concentrations identified.

Animals from the control group are inoculated intradermally with 100 uL of BSK-H medium.
Tissue culture (Gold standard) to determine if spirochetes are present and viable.
Mice are euthanized at 7, 14 and 21 days: 33% of the batch in each instance.

The times are chosen because it takes 7 days to induce the model and conventional treatment of
Lyme disease (neuroborreliosis) is recommended for a minimum of 14 days.

Ear, bladder, heart, joint, brain and meninges are sampled for microbiology.

Tissues are evaluated by culturing in BSK-H with gentamicin for 12 days. The number of
borrelia that have grown on day 12 is quantified using the Petroff-Hausser counting chamber
under dark field.

From the data analysis we concluded that Borrelia b. inoculated either intradermally or
intracerebrally reaches the brain. Further on, we will use the model of neuroborreliosis induced

by intracerebral inoculation because the duration of reproduction of the disease is shorter.
In vitro evaluation of antimicrobial activity and toxicity of nanoparticles

Nanoparticles included in the nano-structured treatment were received from the partners in the

project.



An additional determination was that of the spectrometric absorbance of the test compound
solution, since it was experimentally determined that this leads to an increase in the value

measured in the first wells (dilutions) of the compound.

For determination of the minimum bactericidal concentration (CMB), 1 pL of bacterial
suspension was sampled with a sterile loop which was seeded on a chocolate agar plate to test
the bactericidal effect vs. bacteriostatic. The lowest concentration (highest dilution) at which the

bacterium stopped growing on the plate was interpreted as the CMB.

Experimentally, it was found that the suspension of the compounds has an intrinsic absorbance at
OD 630 nm. Thus, the binary dilution in the wells and the recording of the spectrophotometric
results of the absorption were practiced.

For the groups in which antibiotic was inserted into the dendrimer and on whose surface, in
various combinations, molecules necessary for trans-blood-brain barrier transport (Angiopep-2)
and N. meningitidis targeting (nanobody VHH-F3-Tfrl) where complexed similar results were
obtained, falling within the norm of +/- 2 dilutions, except for group 6 (DDC18-8TA +
Ciprofloxacin + VHH-F3-Tfrl + Cy5.5) which demonstrated lower MIC and CMB values both in
BHI and MH environments. The difference could be due to the presence of nanobody on the
surface of the compounds, in the absence of angiopep which could lead to

antagonism/competition.

In vitro results confirm the antibacterial activity and lack of toxicity of the nano-structured

treatment created by the consortium partners.
Next comes the evaluation of the treatments on the proposed animal models.

The project resulted in 2 oral presentations at national conferences, 2 presented posters (1

national conference, 1 international conference) and 1 BDI article.
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