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Introducere si ipoteza lucrarii:

Infectiile virale respiratorii sunt cauza unei patologii de foarte mare impact medicosocial,
cu costuri enorme. Pe de o parte, este vorba de bolile infectioase virale clasice, care sunt
responsabile de peste jumatate din totalul episoadelor infectioase acute la om si Tmbraca
forme clinice ca guturaiul, rinita, faringita, bronsitele sau pneumoniile, cu o incidenta
medie la populatia nord-americand de peste 2 episoade pe an. In afara acestei patologii,
infectiile virale respiratorii au fost asociate, In ultima perioadd, cu astmul si cu
bronhopneumopatia obstructiva cronica (BPOC), fiind recunoscute ca §i cauze majore de
exacerbdri in ambele boli.

Au fost descrise peste 200 de varietdti serologice virale cauzatoare de infectii respiratorii
la om, lista fiind in crestere, datoritd evolutiilor tehnicilor de detectie. Incidenta infectiilor
virale respiratorii are o importantd componentd sezoniera: virusurile cu invelis, cum ar fi
virusul gripal, virusul respirator sincitial (VRS) sau coronavirusurile, infecteaza mai
frecvent in timpul iemii, spre deosebire de rinovirusuri (RV), fard invelis, care sunt mai
prevalente din primavard pana in toamna. In cazul astmului, exacerbarile au fost asociate
cu infectii virale in pana la 85%, iar in BPOC in 40-60% din cazuri, in ambele instante

cel mai frecvent izolate fiind rinovirusurile, urmate de VRS si coronavirusuri.

Terapiile actuale pentru infectiile virale respiratorii §i pentru exacerbarile astmului si ale
BPOC cauzate de virusuri sunt nesatisfacitoare. De asemenea, de imunoterapia infectiilor
virale respiratorii se leagd esecul rasundtor al vaccinului Tmpotriva virusului respirator
sincitial, care a generat multd reticentd la noi abordari ale acestei probleme. Intelegerea
mecanismelor patogenetice ale infectiilor virale respiratorii € de importanta fundamentala
pentru dezvoltarea de noi terapii in patologia infectioasd virald respiratorie clasica,

precum i in preventia si tratamentul exacerbarilor astmului i ale BPOC.

Interleukina-15 (IL-15) este o citokind descoperita relativ recent, cu rol fundamental in
dezvoltarea si homeostazia celulelor natural killer si a limfocitelor T CD8+ cu memorie.
De asemenea, este consideratd a fi unul dintre regulatorii cheie ai imunitdtii antivirale.

Este o citokind proinflamatoare, dereglarea mecanismelor homeostaziei ei fiind implicata



intr-o serie de boli inflamatorii si autoimune, fiind considerata o citokind inductoare de
raspuns imun de tip 1. Exista, In continuare, un mare numadr de neclaritdti legate de unele
functii, precum si de reglarea expresiei acestei citokine. O particularitate importantd a IL-
15 este legata de transductia semnalului acesteia: pe de o parte s-a descoperit existenta
unei fractiuni libere, circulante, a subunitatii o ale receptorului, subunitatea care i da
acestuia specificitate, si, pe de alta, s-a demonstrat ca in cazul celulelor dendritice si al
macrofagelor, IL-15 poate fi prezentatd la suprafata celulara, impreuna cu subunitatea
specifica, a, a receptorului, in trans, celulelor invecinate care nu prezintd pe suprafata
decat celelalte doud fractiuni ale receptorului, responsabile de transducerea semnalului,
astfel punandu-se in evidenta un mod particular de interactiune citokina- receptor, in care
un component al receptorului, impreund cu citokina, reprezintd ligandul pentru restul
componentelor receptorului, aflate pe celulele tinta.

Epiteliul respirator reprezinta o suprafatd imensa ce are rol de barierd complexa impotriva
agresiunilor fizico-chimice sau microbiologice, inclusiv infectiile virale. In afard de rolul
de barierd fizica, in prezent se atribuie celulelor epiteliale respiratorii un rol important in
intierea §1 Intretinerea unor raspunsuri de aparare ale gazdei. Celulele epiteliale
respiratorii, ca prima linie de expunere la multi patogeni, sunt implicate atdt in imunitatea
inndscutd, cat si in cea adaptiva, prin producerea de citokine si prin interactiunea directa
cu celulele sistemului imunitar. Celulele epiteliale respiratorii produc, pe de o parte, ele
insele, molecule antimicrobiene si antivirale, si, pe de altd parte, initiaza cai de raspuns
ale imunitdtii naturale s1 adaptive. Celulele epiteliale respiratorii joaca un rol crucial In
apararea antivirald, si, astfel, in patogeneza imund a exacerbdrilor astmatice sau ale

BPCO.

Ipoteza lucririi mele este ca un rol important in imunitatea antivirala il joaca
celulele epiteliale respiratorii, prin eliberarea unor citokine cu rol in raspunsul imun
antiviral. In particular, am presupus, pentru partea de inceput a lucririi, ca infectiile
virale stimuleaza producerea IL-15 la nivelul celulelor epiteliale respiratorii. Pentru
a investiga aceastd ipotezd, am studiat inducerea IL-15 de catre virusuri respiratorii
implicate in patogeneza astmului si a BPOC, intai in vitro, In linii celulare epiteliale

bronsice si alveolare, apoi in celule epiteliale bronsice primare umane, precum §i in vivo,



la soareci. A urmat investigarea mecanismelor de inducere a IL-15 de catre infectia virala
in celulele epiteliale respiratorii. Ipoteza sectiunii a 2-a a lucrdrii a fost ca infectia cu
virus respirator sincitial a celulelor epiteliale respiratorii induce IL-15 printr-un
mecanism pretranscriptional, si ca aceasti inducere este mediata cel putin in parte
de NF-KB. In a treia sectiune a studiului, am pornit de la teoria conform careia in astm,
boald in ale cdrei exacerbdri sunt implicate etiologic rinovirusurile si VRS, existd o
predominantd a unor raspunsuri imune adaptive de tip Th2. Am presupus cad intr-un
mediu bogat in citokine asociate raspunsurilor imune de tip 2, sinteza indusa de
virusuri a citokinelor de tip 1 este mai scazuti, si aceastd scadere poate fi
responsabilid de raspunsul imun antiviral deficitar si persistenta virala asociate cu
astmul. Concret, am investigat influenta IL-4 si a IL-13, ambele citokine de tip 2, asupra
productiei de IL-15, citokina de tip 1, ca raspuns la infectia virald a celulelor epiteliale
respiratorii. In sfarsit, intr-un studiu colateral, am plecat de la rolul tot mai bine conturat
al calcitriolului (vitamina D) in imunitatea antiinfectioasa. Celulele epiteliale respiratorii
dispun de echipamentul necesar atit pentru a produce, cat §i pentru a raspunde la
calcitriol. De asemenea, date recente aratd cd unele activitati legate de imunitatea
innascuta ale IL-15 ar putea fi mediate prin calcitriol. Ipoteza partii a 4-a a fost ca
vitamina D joaca un rol in imunitatea antivirala a celulelor epiteliale respiratorii,
scopul fiind investigarea in vitro a efectului calcitriolului pe maturarea si diferentierea
celulelor epiteliale respiratorii, $1, implicit, pe susceptibilitatea la infectia virala, efectul
pe replicarea rinovirusului in celule epiteliale si, in sfarsit, influenta asupra producerii de

citokine de cdtre celulele epiteliale ca raspuns la infectia cu rinovirus.

Material si metoda:

Pentru marea majoritate a experimentelor am utilizat linia celulard umana A549, o linie
pulmonara alveolara de tip II, imortalizatd neoplazic, linia epiteliala bronsici BEAS-2B,
linie imortalizatd prin infectie virald, si, pentru cateva, linia carcinomatoasd
mucoepidermoida H292. Pentru experimente confirmatorii, am folosit celule primare
epiteliale bronsice umane. De asemenea, unele experimente de infectie virald au fost

refdcute si in vivo, la soareci. Virusurile utilizate au fost un rinovirus de grup major (care



foloseste ICAM-1 ca si moleculd de adeziune), RV 16, si un virus respirator sincitial tip
A2. Pentru cuantificarea IL-15 ca proteind am folosit ELISA, iar pentru mesajul ARN,
RT-PCR in timp real (TagMan®). Pentru studiile de inductie a promoterului IL-15 am
folosit deletii progresive ale acestuia, cuplate cu o gena reporter, a carel activitate a fost
apoi cuantificatd cu un kit disponibil comercial. Am mai folosit constructii reporter cu un
sit de legare NF-kB cu mutatie provocata, pentru inactivare, precum §i un inhibitor
farmacologic al NF-kB. Pentru cunatificarea proliferarii celulare in prezenta vitaminei D
am utilizat un colorant supravital a carui intensitate a fost apoi mdsurata prin citometrie

de flux pentru estimarea numarului de diviziuni celulare.

Rezultate:

Modularea producerii de IL-15 in celulele epiteliale respiratorii de citre infectiile
virale: Am constatat ca celulele utlizate produc in mod constitutiv IL-15. VRS a indus
IL-15 in supernatantele celulelor A549 de o maniera dependentd de timp (inductie
semnificativd de la t=6 ore s1 pand la 72 ore post-infectie) si de doza (inductie mai
puternica pentru o multiplicitate a infectiei de 1 unitate formatoare de placi virala fata de
0,1 si, respectiv, 0,01. De asemenea, VRS a indus secretia IL-15 1n liniile celulare BEAS-
2B si H292, insa mai modest decit in AS549, si fard semnificatie statisticd. Si RV16 a
indus o secretie timp- si doza dependentd a IL-15 la celulele A549, 1nsa, si aici, nivelul
inductiei a fost mai modest. Vazand inductia mai micad, de catre RV16 fata de VRS, a IL-
15 in celulele A549, si avand concetrratiile de virus masurate in mod diferit pentru cele
doua virusuri, am dorit sa facem o estimare comparativa a eficientei infectiei, masurand
productia unei alte citokine proinflamatorii, RANTES, in celulele A549; am constatat o
inductie mult mai puternica a acesteia de cdtre VRS fatd de RV16. Ca urmare, am ales
modelul A549/ VRS pentru studiile ulterioare ale mecanismelor inductiei IL-15 de catre
virus.

In scop confirmatoriu am utilizat, pe langa linii celulare, si celule epiteliale bronsice
umane primare, confirmand inductia semnificativa a secretiei IL-15 de catre infectia cu
VRS, iar prin infectia experimentala a soarecilor cu VRS am demonstrat, in vivo, inductia

IL-15 la nivel de mARN.



In sfarsit, investigand efectul IL-15 asupra replicdrii virale, am constatat o concentratie de
5 ori mai mica a genei L a VRS 1n celulele bronsice primare pre-tratate cu IL-15 fata de

control, la 24 ore post infectie, sugerand un efect antiviral al IL-15.

Mecanismele inductiei IL-15 de citre VRS in celulele epiteliale respiratorii: Pentru a
arata cd inductia constatatd a secretiei IL-15 de catre virus este realizatd prin cresterea
expresiei genel si nu prin eliberare de citokinad preformata, am investigat efectul VRS
asupra mARN si al promoterului IL-15. Am constatat inductia mARN al IL-15 in celulele
A549 de catre infectia cu VRS. Aceastd inductie a fost confirmatd in celule primare
bronsice si, dupd cum am ardtat anterior, in vivo, la soareci. In celulele primare bronsice,
VRS a indus si fractiunea o a receptorului IL-15, subunitate care da specificitatea acestui
receptor.

Utilizand constructii reporter formate din promoterul IL-15 cuplat cu o gend cu produs
cuantificabil, am ardtat, prin studii de transfectie temporara, inductia promoterului IL-15
de catre infectia cu VRS 1in celule A549. Inactivarea VRS din inocul prin trei metode
(temperaturd, filtru molecular, radiatie UV) a abolit inductia IL-15, aratand astfel ca
aceasta este dependenta de replicarea virald. Aceste experimente aratd ca stimularea IL-
15 de catre infectia cu virus este realizatd printr-un mecanism pretranscriptional.

Prin utilizarea un inhibitor farmacologic al NF-kB (inhibitor de IKK,), am constatat
scaderea, de cdtre acesta, a secretiei 1L-15 stimulate de catre VRS 1in celule A549,
proportional cu concentratia inhibitorului. Scdderea a fost confirmatd si in celulele
primare. De asemenea, utilizand constructii reporter cu promoterul IL-15, am constatat,
prin studii de transfectie temporard a celulelor A549, ca mutatia sitului NF-kB scade
inductia de catre VRS a promoterului la un nivel comparabil cu inductia constructiei -15
(adica In care promoterul aproape lipseste). Aceste date sustin un rol important al
factorului de transcriptie NF-kB in inducerea virald a IL-15.

Modularea inductiei virale a IL-15 in celule epiteliale respiratorii de catre citokine
de tip 2 a fost investigatd prin adaugarea, in mediul de cultura, de IL-4 si, respectiv IL-
13, in cursul experimentelor de infectie virald in vitro. Contrar asteptarilor, IL-4 nu a
scdzut, ci a crescut productia de IL-15 a celulelor A549, atat pe cea contitutionald, cat si

pe cea indusa de VRS, rezultate similare fiind obtinute cu IL-13 pe post de citokind de tip



2. Si in cazul RV 16, inductia a fost stimulatd de prezenta IL-4. In celulele BEAS-2B nu
au fost observate diferente sistematice in inductie, prin adaugarea IL-4 in experimente de
infectie cu VRS. In sfarsit, utilizand celule primare bronsice umane infectate cu VRS, nu
am constatat diferente semnificative in inductia IL-15 in prezenta IL-4 sau a IL-13 1n
mediu, aceasta infirménd ipoteza experimentala.

Studiu in vitro al efectelor calcitriolului asupra unor functii ale celulelor epiteliale
respiratorii si a susceptibilititii acestora la infectiile cu rinovirus-16: Masurarea
intensitatii medii a fluorescentei (MFI) celulelor BEAS-2B si A549 colorate cu colorantul
supravital CFSE nu a gasit diferente intre celulele cultivate in prezenta sau absenta
calcitriolului in mediu, aratdnd ca acesta din urma nu a influentat rata diviziunilor
celulare/ diferentierea celulard. Calcitriolul din mediu a scdzut titrul RV16 1in
supernatantii culturilor celulelor BEAS-2B infectate in prealabil, scazind deci replicarea
virald 1n aceste celule. Prezenta calcitriolului nu a influentat inductia IL.-8 de catre RV16
in celulele BEAS-2B, insd productia de RANTES indusa de virus a scazut semnificativ in
prezenta calcitriolului. Aceste date sustin un rol al calcitriolului in reglarea mediului
citokinic la nivel epitelial respirator, aldturi de un potential rol antiviral, care merita

investigat In continuare.

Concluzii:

Rezultatele obtinute aratd cd, in vitro, celulele epiteliale respiratorii produc,
constitutional, IL-15, si cd virusurile respiratorii cresc productia de IL-15 la nivelul
epiteliul respirator, crescand, in acelasi timp, si expresia subunitatii o, specifica, a
receptorului IL-15, subunitate care, foarte recent, s-a aratat a fi important implicatd in
trans-prezentarea 1L-15 catre celulele T citotoxice. Am aratat, de asemenea, in vivo, pe
soareci, inductia IL-15 de catre infectia cu VRS. Raméine ca, in viitor, evaluarea
productiei de IL-15 sa fie continuatd in vivo, pe modele murine de astm indus de virus
sau, ideal, in studii pe modele umane care sd compare persoane sanatoase cu bolnavi cu
boli respiratorii de tip 2 (astm) sau de tip 1 (BPOC).

Am aratat ca stimularea productiei de IL-15 se face printr-un mecanism pretranscriptional

st este dependentd de replicarea virala, si am gdsit unele cdi moleculare implicate in



producerea IL-15 1n celulele epiteliale infectate viral, legate de factorul de transcriptie
NF-«kB, cu potential de a fi utilizate ca si tinta terapeutica viitoare.

De asemenea, am evaluat efectul pe care un mediu bogat in citokinele IL-4 sau IL-13 il
are asupra sintezei induse de virus a IL-15, fara a constata efecte semnificative ale acestor
citokine.

Studiul efectului vitaminei D3 pe celule respiratorii epiteliale infectate cu virus a sugerat
un efect antiviral al acesteia, $i un potential pentru ca aceastd vitaminad sa fie utilizata cel
putin In profilaxia infectiilor virale, daca nu §i ca tratament local, posibil in combinatie cu

IL-15, in unele infectii acute ale tractului respirator.
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Introduction and hypothesis:

Respiratory viral infections are the cause of a vast array of diseases of important medical
and social impact and generating very significant costs. First, there are the classical viral
infectious diseases, responsible of more than half of all acute infection in humans,
including diseases like the common cold, rhinitis, pharyngitis, bronchitis and pneumonia,
with an incidence of more than two episodes per year in North American population.
Besides this “classic” infectious pathology, respiratory viral infections were recently
associated with Chronic Obstructive Pulmonary Disease (COPD) and asthma, now being
recognized as a major cause of exacerbation in both diseases.

Over 200 serological subtypes of viruses causing respiratory infections in humans were
described, even more being discovered as detection techniques are evolving. The
incidence of respiratory viral infections has a strong seasonal pattern: enveloped viruses
like influenza, respiratory syncytial virus (RSV) and coronaviruses are more prevalent
during the cold season, while non-enveloped viruses like the rhinoviruses (RV) are
prevalent from spring through autumn. Asthmatic exacerbations have been associated
with respiratory viral infection in a proportion that goes up to 85% of episodes, while in
COPD the percent varies between 40% and 60%, in both the most frequently identified

viruses being RV, followed by RSV and coronaviruses.

Currently available treatment options for respiratory viral infection and asthma and
COPD exacerbations are inefficient. Also, a significant negative history relates to the
immune therapy of respiratory viral infection, by the failure of a RSV vaccine, which
tends to generate even today very much caution in the approach towards the development
of new vaccines for this virus. Understanding of the pathogenesis of respiratory viral
infections is crucial to the development of new therapies both for the classical viral

infectious pathology, and for the exacerbations of asthma and COPD.



Interleukin-15 (IL-15) is a rather recently described cytokine, of crucial importance for
the development and homeostasis of natural killer and CD8" memory cells. It is also
regarded as one of the key regulators of antiviral immunity. It is a pro-inflammatory
cytokine with a role in the pathogenesis of many inflammatory and autoimmune diseases,
and it is regarded as a type 1 inducing cytokine. There are still nowadays many
controversies and uncertainty regarding some of the functions of IL-15 and the regulation
of this cytokine’s expression. An important particularity of IL-15 is related to the
cytokine signal transduction: a circulating fraction of the cytokine’s specific receptor
subunit, the IL-15Ra chain, has been demonstrated. It was also shown that in APC’s like
macrophages and dendritic cells, IL-15 can be expressed at the cell surface together with
this receptor subunit and presented in trans to neighboring cells that do not harbor the
high specificity IL-15Ra chain, but only the  and y chains of the receptor, which are
responsible for the signal transduction., thus showing a particular way of cytokine-
receptor interaction, with a subunit of the receptor together with the cytokine acting as
the ligand for the other subunits of the receptor, located on the target cell.

The respiratory epithelium is an extremely large surface acting as a complex barrier
against physical, chemical and microbiological aggression, including viral infection. But
more than being a passive physical barrier, respiratory epithelial cells are presently
credited with initiating and maintaining crucial and complex host defense mechanisms.
As a first line of exposure to pathogens, respiratory epithelial cells are involved both in
innate and adaptive immunity, through the production of cytokines and by direct
interaction with cells of the immune system. Respiratory epithelial cells both produce
antimicrobial and antiviral molecules and, on the other hand, initiate pathways of innate
and adaptive immunity. Respiratory epithelial cells play a crucial role in antiviral defense
and, thus, in the immune pathogenesis of COPD and asthma exacerbations.

The HYPOTHESIS of my project is that respiratory epithelial cells have an
important role in antiviral immunity, through the release of cytokines involved in
the antiviral immune response. In particular, I assumed that respiratory viral infection
induces IL-15 production by respiratory epithelial cells, dealing with this hypothesis
in the first part of the presented work. To researched this, I investigate IL-15 induction

by respiratory viruses involved in asthma and COPD exacerbations, first in vitro, in



bronchial and alveolar epithelial cell lines, then confirming the results in primary human
bronchial epithelial cells and finally in vivo, in mice. This was followed by the
investigation of the mechanisms of virus-induced epithelial cell IL-15 production. The
hypothesis of the second section presented was that RSV infection of respiratory
epithelial cells induces IL-15 through a pre-transcriptional mechanism, and this
induction is mediated by NF-kB. In the third part, I started with the assumption that in
asthma there is an immunological environment where Th2 responses are predominant,
and hypothesized that in an environment rich in type 2-associated cytokines, type 1-
cytokine induction by virus infection is down-regulated, and this down-regulation
could be responsible of the defective antiviral responses and virus persistence
associated with asthma. In particular, I investigated the effect of the presence of IL-4
and IL-13, both regarded as type 2 cytokines, on virus-induced production of IL-15, as a
type 1 cytokine, in respiratory epithelial cells. Finally, in an accessory study, I started
with the recent (re-)involvement of calcitriol (vitamin D) in anti-infectious immunity.
Respiratory epithelial cells have the equipment to both synthesize and respond to
calcitriol. Also, recent data shows that certain innate immunity-associated actions of IL-
15 could be mediated by calcitriol. The hypothesis of the 4th part was that vitamin D
is involved in respiratory epithelial cell antiviral immunity, with the aim of
investigating in vitro calcitriol effect on maturation and differentiation of respiratory
epithelial cells, and, thus, on the susceptibility to viral infection, the effect on RV
replication in epithelial cells, and, finally, modulation by calcitriol of cytokines produced

by epithelial cells in response to RV infection.

Materials and methods:

For the bulk of the experiments, I used the A549 cells, a type Il alveolar cell line, BEAS-
2B cells, a bronchial epithelial cell line, immortalized by a viral infection, and, for some
of the experiments, the mucoepideromid carcinomatous cell line H292. For confirmatory
experiments I used primary human epithelial bronchial cells. Also, some of the virus
infection experiments were done in vivo, on mice. Viruses used were a major group

rhinovirus, RV16, and an A2 type RSV. For IL-15 quantification in supernatants I used



ELISA, and for mRNA, real-time quantitative RT-PCR (TagMan ®). For the IL-15
promoter studies, I used reporter constructs containing serial deletions of the IL-15
promoter, as well as a NF-kB mutated promoter, coupled with a reporter gene (secreted

alkaline phosphatase, seAP).

Results:

Modulation of respiratory epithelial cell IL-15 production by virus infection:

I found that the epithelial cells used all produce IL-15 constitutively. RSV induced IL-15
production in AS549 cell in a time- (statistically significant IL-15 production
augmentation noted at all time points, from 6 to 72 h postinfection) and dose-dependent
manner (induction more significant for a multiplicity of infection of 1 plaque forming
unit per cell vs. 0.1 and 0.01, respectively). RSV also induced IL-15 production of H292
and BEAS-2B cells, but induction was lower than the one noted in A549 cells, and with
no statistical significance.

RV16 also induced IL-15 in a time- and dose-dependent manner in A549 cells, but less
than RSV. Seeing the different induction generated by the two viruses, and knowing that
virus titrations were made using different methods for each virus, I wanted to compare
infection efficiency for the viruses used, measuring the production of another
proinflammatory cytokine, RANTES, in A549 cells. I measured a much higher induction
of RANTES by RSV vs. RV16. This is why I chose the RSV- A549 combination for the
bulk of subsequent induction experiments.

For confirmatory purposes, I repeated the experiments on primary human bronchial
epithelial cells, reproducing significant induction of IL-15 by RSV infection, and by
experimentally infecting mice with RSV, I demonstrated in vivo IL-15 mRNA induction.
Finally, to estimate IL-15 effect on virus replication, I experimentally infected primary

bronchial epithelial cells with RSV; measuring RSV L-gene mRNA in cell lysates, I



noted a 5-fold decrease in then number of L-gene mRNA copies in cells pre-treated with

IL-15, thus suggesting an antiviral effect of this cytokine.

Mechanisms of IL-15 induction by RSV in respiratory epithelial cells:

To show that IL-15 induction in cell culture supernatants by virus infection was the
consequence of increased IL-15 gene expression, rather than being obtained through the
release of pre-formed protein from the infected cells, I investigated the effects of virus
infection on IL-15 mRNA expression and on the IL-15 promoter. I demonstrated the
induction of IL-15 mRNA by RSV infection of A549 cells. This induction was confirmed
in primary human bronchial epithelial cells and, as previously stated, in mice. In primary
cells, RSV also induced mRNA of the alpha subunit of the IL-15 receptor, the one
responsible of ligand specificity.

Using reporter constructs of serial deletions of the IL-15 promoter, coupled with the se AP
gene, whose expression can be easily measured in cell cultures, I showed, in transient
transfection studies, induction of the IL-15 promoter by RSV in A549 cells.

Inactivation of RSV by three different methods (UV irradiation, molecular filter and
exposure to high temperature) abolished IL-15 induction by RSV, thus showing that viral
replication is essential for the induction.

These experiments show that IL-15 induction by RSV is done through a pre-

transcriptional mechanism.

Using a pharmacological inhibitor of NF-kB, I noted a decrease in IL-15 induction by
RSV in A549 cells, proportional to the inhibitor concentration. This decrease was
confirmed in primary cells. Also, using reporter constructs containing a mutation that
inactivates an NF-kB site in the IL-15 promoter, I found that the mutation decreases
promoter induction by virus, to a level similar to that seen in the -15-seAP construct,
where the promoter has been almost entirely deleted. This data show an important role of

NF-£B in IL-15 induction by RSV.



Modulation of RSV- induced IL-15 production of respiratory epithelial cells by type
2 cytokines was investigated by performing in vitro viral infection experiments, in the
presence and absence from the cell culture medium of IL-4 or IL-13, both prototypic type
2 cytokines. Unexpectedly, IL-4 did not decrease, but increased IL-15 production of
AS549 cells, both constitutive and RSV-induced, similar results being obtained with IL-13.
Repeating the experiments with RV16 instead of RSV yielded the same results. In BEAS-
2B cells, there were no systematic differences in IL-15 induction by RSV in the presence
or absence of IL-4. Finally, using primary human bronchial epithelial cells, I did not see
any significant difference between the RSV induced 1L-15 in the presence or absence of
IL-4 or IL-13. Thus, my experimental hypothesis for this part of the study was thus

cancelled.

In vitro study of the effects of calcitriol on certain functions of respiratory epithelial
cells and on their susceptibility to infection with Rhinovirus 16

Measurement of mean fluorescence intensity of BEAS-2B and A549 cells stained with
the supravital stain CFSE did not show any differences between cells grown in the
presence or absence of calcitriol in the growth medium, thus failing to show an effect of
calcitriol on cell proliferation or division rate. Adding calcitriol to the growth medium
decreased RV 16 titers in the supernatants of virus-infected BEAS-2B cells, thus showing
an effect on viral replication in these cells. The presence of calcitriol did not alter IL-8
induction by RV 16, but significantly decreased RANTES induction by RV16 infection in
BEAS-2B cells, suggesting a role for calcitriol in the regulation of the cytokine milieu at

respiratory epithelial cell level.



Conclusions:

The results shown above demonstrate in vitro that respiratory epithelial cell produce IL-
15 constitutively, and that this production is increased by respiratory viral infection,
which also increase the expression of the specific alpha subunit of the heterotrimeric IL-
15 receptor, implicated recently in trans-presentation of IL-15 to cytotoxic T cells. IL-15
induction by RSV was also demonstrated in vivo, in mice. Future studies should
investigate IL-15 production in murine models of asthma exacerbations, and, ideally, role
of IL-15 should be assessed in studies on human models that compare normals with type
2 (asthma) or type 1- predominant (COPD) respiratory disease.

I showed that IL-15 induction by virus is pre-transcriptional and that it is dependent on
viral replication, and found some molecular pathways implicated in viral induction of IL-
15, namely a role for NF-kB, thus suggesting a potential therapeutic target.

Also, I investigated the effect of type 2 cytokines IL-4 and IL-13 on virus-induced IL-15
production, but failed to confirm the hypothesis, and could not demonstrate significant
effects of those cytokines on IL-15 production.

Investigating the effect of vitamin D3 (calcitriol) on virus infected respiratory epithelial
cells, my results suggested an antiviral effect, and thus a potential for this substance to be
used not only in the prophylaxis of viral infection, but also as a local treatment, possibly

in combination with IL-15, in some respiratory tract infections.
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