1 METHOD FOR THE PREPARATI ON OF AN | NFLUENZA VI RUS Descri ption The
present invention relates to a nethod for the production of a

phar macewvocaii/memposi tion for the prevention or/and tr ear/mrpi1006333n

5i nfluenza virus infection. Furthernore, the present invention relates to a
pharmaceutical conposition for the prevention or/and treatnent of an

i nfluenza virus infection. 10ln view oft the threatening influenza pandem c,
there is an acute need to devel op and nmake avail able lastingly effective

drugs. |n Cernmanyyvghfied FOR BHEBREPARATIOR RACARINFINIENEAYRIGRUSES bet ween
5,000 and 20,000 deaths a year (source: Robert-Koch Institute). The

recurring big influenza pandem cs are especially feared. The first big
pandem c, the so-called "Spanish Fgés rii,? ﬁost about 40 mllion lives in
the years 1918-1919 including a hi B e tage of heal thy, m ddl e-aged
peopl e. A simlar pandem c coul d be caused by the H5NL influenza virus

(2,3), at the npnent, |icates mainly in _birds, if acquired
mut at i ons igﬁblpéest% Vel o?o ¢atas 4RsAi e %‘ijr(%ﬁ ﬁgﬁsé’ﬁoql@t' Br $6n8 More

recently, BhQﬁﬁé’éedtl'&EI %H@oé{ﬁdeSfOYaﬂw'eaZbﬁ'e\'i@fﬁlo%O RRUI¥@atrheft dihan

influenza A (HIN1) 'swine flu" strain posi ng an unpredi ct abl e pandem ¢
t hreat 5 Thmflpﬁnb&MIFU$!r3fe@ime human pandem c has recently grown nore acute
with the spreading of bird flu (H5N1) worl dw de and the infection of
domestic aninmals. It is only a question of tinme until a highly pathogenic
human i nf| Eerthermemoite pacderd ipveeion Biatestb wghadhacsicahbbmpatitibhe moment

for prophylaxjs or thera 0 i nflyenza i nfection, ch as vaccination
Wt viral G ihe pBevestEn AR SN S8 BB M2 (S IAISGHSN( nour am ni dase

i nhibitors or ion channel bl ockers), have various di sadvantages. Already at
this early stage resistance is appearing against one of our nost effective
pr epariat i olis vieradf fthe)thregieeiRgniafluaazae pandsoie siierads @n acdignneed ta

andem c. r I t
|pnf | uenza | SG%EE e1"';{3(11“ aﬂlglﬂgnbelfe I?%“'l‘j%gt%ec“@&abjﬁ Iﬁ%ﬁvﬁﬁﬁgﬁa%ge@%l opnment
of effecti aenuadcmnomemanbas)fneihmnzadcaiﬁasrtmtwepnéijoﬁt) iamal 20 Ot)ﬁeiqam&agen
vari ant . direct a t, v nmponent s c.an i dl se. their
o fect | ventSd (RUER d<chetoan ByeuB: TRE RaTRIOgeS Bt deRissoar ch
whi ch has ppsekpeédally fédredatihentiisebig pandefty the sbeallsenSpanisatFign of
critical target structures in the host cell. Viruses are dependent on

certai®d cePPsl abogt AQi miliery liyesai etheo YPéb‘-} i BHG191 9 hinﬁluldmg shighThe .
know edge E Eﬁ%ﬁ ep%lflﬁéla"l’thyf %H&Ibsag?é’lftpfeﬁp% %%@rﬂ?lé@hﬁh%m\’d chlJldr EB' i cation

but di spensa | east tenporari humans co ead t
caused by the H5N1 influenza virus (2,3), which at the moment repllcates
mainly in birds, if acquired mutations enable the virus to be transmitted from
person to person. More recently, a novel influenza virus variant has
20 emerged, i.e. the influenza A (H1N1) ‘swine flu’ strain (4), posing an
unpredictable pandemic threat. The probability of a human pandemic has
recently grown more acute with the spreading of bird flu (H5N1) worldwide
and the infection of domestic animals. It is only a question of time until a
highly pathogenic human influenza-recombinant emerges. The methods
25 available at the moment for prophylaxis or therapy of an influenza infection,
such as vaccination with viral surface proteins or the use of antiviral drugs
(neuraminidase inhibitors or ion channel blockers), have various
disadvantages. Already at this early stage resistance is appearing against
one of our most effective preparations (Tamiflu), which may make it
30 unsuitable to contain a pandemic. A central problem in the use of vaccines

and drugs against influenza is the variability of the pathogen. Up to now the



10 devel opnment of novel drugs. Rough estimates predict about 500 genes in

t he human genone which are essential for viral nultiplication. O these,
10% at | esot20avee9pnobabl y di spensabl e tenporarily or eveaTEPeomo0eissdy for

t he human organi sm Inhibition of these genes and their products, which in
contrast to the viral targets are constant in their structure, would enable
t he 15 devel opnent of a new generation2of antiviral drugs in the shortest
time. Inhibition of such gene products could overcone the devel opnent of
viral escapevadpaeing drheifeclive ViRELiNe8NESS réqiifed iatButdle HrEHI6R|ofdhEYS .
Amongst other gene famlies kinases that are inportant regulatory proteins
wi t hi n t hepalogesr\ariant.eRrugy dicketad iBgainstudied copnansniuran sapidly lose

consti tut i 0Ll dieR@st bE0GRI of MHARTA tb bRGRAROAL | ve- stranded RNA
virus that ‘exhibits an array of strategres to racrlitate successful

survival within manmal i an host cells (5). Upon infection, binding of innate

i mmune receptors, such as, the. cellular 25 protein retinoic acid-inducible
gene | 5( RI &8 od,f osedich whishabes reaeiig Tl GBrSHHES 15 Sy day he

expr essi onjdentifleatiis off chifitaingargat dtfdiaeraid ofer dloat esbligevipgsds. arb- I N
particul ar, subsequent induction of type | interferon stinulates the

up- r egul at AeRerRFentiraeerain; aehuianretelisctoabe ipple Wl repticals wihinghemast t he
MyXOVI T US "rﬁé'kﬂo%ﬂ&gﬁ)é M‘%u@ﬁ %&%IQ?{%CT% 8t b bEserdtf ol Vivg %gﬁé&t%ﬂ .
prot ei ns agal nst nenbers of the orthonyxovirus famly was Tirst observed in
m ce (8). bht dispemablé o@dt EdsMVkiemparasilyh foonhemsansr apeald ilead atmi thet

ik g L

human or t hededBumbiiiAyenopselvihighsaretedsemtiahfop Rirasmutipicatior!. UBBSe L TOBCL by
bi ndi ng and i nactivating incom ng viral nucleocapsids (11). Interestingly,

human MkA Pblrast aieyPreRably dispensabie dempeearly qrigvan parmangrdhefarcthgi ce
agai nst vapj L L USLSKh(HLA) t i e se 5
T at ogi oo, BAAISD LR of Iieqeh denRegha (HEE LBt wiehRse,
reduci ng i noetrasirtorthedinal ENgpls areocenstaninindhelsystiviobwriei mpuék pnaklei thbe of t he

antiviral i ' 5! i at ( nd tein kinase
R (P ( 15 PBBBOE o aPvh RPEANG oF R BRI e REteR) it e vea
duri Ing i Inf Inlrghjiﬁgn Aofi wcgcgimg)rbdpctéftddml@mde'mbmé \me:dev@tdrfbrﬂéﬁt! of Fi@él

conpl ete under st 00 n intrjguing strategy enpl oye viral agents to
egul ate | R8PS Men Rt tmEeoRol NS Sars eate AT ERORIUGE. (RRESS: &
class of - ghdigdrRanigs kifa8ES NatCAdl ifthotRit red BRI ProtathsRdhipthacul es,
known as key post- 15 transcriptional regulators of gene expression (14).

Vi ruses wi c8ll jase glegdhiineked dunvieyrasde mesipulaienthei Faostitutionadt e hosit

physi oJ[oogy g.lrpd enhance replication (15). Conversely, the snmall RNA genone
hepatitis EVirus can mani pul ate expression of host cell m R 122 to foster
its replication (16). 20 Conmon strategies for the production of influenza

virus vaccines are,based upon influen Lrus repljication in enbrygnated
hens' eggsi'ﬁﬁ'epﬁap"é‘l 1 égPFE?téV.e'W?" ecﬁ?ﬁhc&'ﬁ‘%ﬁﬁ?{n exBoits g ¢ Fray o‘?ofn .
enbr yonat egtra@gted fo fadilithRr §00683TU BuURRidaE WM madmPanss Hose cell9gegfore, it
is the problemof the present )
Upon infection, binding of innate immune receptors, such as the cellular
25 protein retinoic acid-inducible gene | (RIG-I), with their cognate ligands
triggers the transient expression of dozens of immune and inflammation
related genes (6,7). In particular, subsequent induction of type | interferon
stimulates the up-regulation of GTPases with intrinsic antiviral activity, such
as the myxovirus resistance (Mx) proteins. The antiviral activity of Mx
30 proteins against members of the orthomyxovirus family was first observed in
mice (8). The nucleus-located Mx1 protein confers protection against
otherwise lethal infections with influenza virus, including strains of the

pandemic 1918 and the highly lethal H5N1 influenza viruses (9,10). The



25invention to inprove the nethods for the influenza vacci ne production. An
obj ect of the present invention is a nmethod for the preparation of an

i nfl uenzaweoizpug2eaapri si ng the steps: (a) providi rgTEPAUdIb3383 cel |,
a nodified enbryonated egg or/and a nodi fi ed 30non- human or gani sm capabl e
of replicating an influenza virus, wherein the capability of influenza
virus replication is increased conpared with influenza virus replication in

t he absence of the nodification, (b) contacting the cell, the
enbryonat eHue@a efhaBe, M)@Aqwalaﬂegrmoofhe( @)}towlatshw aﬂdalﬁ thaligretr acvbyus, (c)
cultivating the cell, the enbr onat ed eg ﬁ or/and the non-human organi sm
under condPindifigs and iaciyating m@@mr\gatvnra nycleagapsigs| (iEhz dntgrestinghand

(d) isolat hey v t eof
(o aunces. PRI E L bHBRady 12 d, BRAcRlyA SERLIGT i PRAER s
phar maceut agalhst:waposstRNA i/museshémy eVentowneraict a‘helse ripadbee rdspainsan
i nfluenza vjrus.infecti onallﬁt ether W

en

d,.
phar maéeut PEALLIPS dEﬂb‘?’?ﬁ% gﬁ%’ﬁ??lg r. Lﬁ}ﬁiﬁ 1S &XFH}P&GJM. tive.

Anot her obi&fiicirf |ﬁtbﬁ‘eﬂfrﬁ§e(WFNlmV§mdu@ﬂom SorabyRylbeking @xprissich @Pahat i on of
a pharmaceuti cal nposition for the prevention or/and treatnment of an

i nfl uenza @ntiyieal |pﬁ¢t§lft3i ard’ QH@%‘??%YW@ sydhetase {OAR) @ protrin kinaseaRnodi i ed
cell, a moghkRe STANOREIhE UL MhrésdiBidi MLA previously observed

during influenza A infections in vitro and in vivo is currently not completely
10 understood.

An intriguing strategy employed by viral agents to regulate their infectious
potential is the use of microRNAs (miRNAs); a class of ~22 nt long non-
protein-coding short interfering RNA molecules, known as key post-

15 transcriptional regulators of gene expression (14). Viruses with large
genomes can encode their own miRNAs to alter host physiology and
enhance replication (15). Conversely, the small RNA genome hepatitis C
virus can manipulate expression of host cell miR-122 to foster its replication
(16).

20
Common strategies for the production of influenza virus vaccines are based
upon influenza virus replication in embryonated hens' eggs or in cell culture.
Virus replication in cell culture or embryonated eggs is a time-consuming
and expensive procedure. Therefore, it is the problem of the present

25 invention to improve the methods for the influenza vaccine production.

An object of the present invention is a method for the preparation of an
influenza virus comprising the steps:
(a) providing a modified cell, a modified embryonated egg or/and a modified
30 non-human organism capable of replicating an influenza virus, wherein
the capability of influenza virus replication is increased compared with
influenza virus replication in the absence of the modification,

(b) contacting the cell, the embryonated egg or/and the organism of (a) with



non- human or gani sm capabl e of replicating an influenza virus, wherein the
capability of influenza virus replication is increased conpared with

i nfl uenzawoizoum2edpl i cati on in the absence of the nodifPCAatEPRINY/063333 (b)
contacting the cell, the enbryonated egg or/and the organismof (a) with
20an influenza virus, (c) cultivating the cell, the enbryonated egg or/and
t he non- human organi sm under conditiond allowi ng the replication of the

i nfluenza virus, (d) isolating the influenza virus or/and at |east one
conponent t hesreipflueh2slveesl in step (c), and, 25(e) preparing the

phar maceutical conposition fromthe influenza virus or/and the conponents

t her eof i sth)autivatingdhegellothe aspeivenatadegsgeend theinpen-humar organismi cal |y

accept abl e CeU&f eg?:omﬁ@iipﬂé%ﬂé‘*vir@nﬂgggr@éli%(oﬂr& 1A fderSa \/ﬁu%e%ﬁaence herein

to the "netho S invention "Is a 30 reference to

t he met hod(d)dsolatimeg pthepanfiténza efruanoi/afd uehZdeasti ons cangpdnent hiheredfhod f or
the preparation of a.pharnaceutical conposition for the prevention or/and
treat mént of %{ﬂdﬁ’?ﬁcﬁﬁﬁ B@lrus infection. 5 The cell enpl oyed in step (a)
may be any cell capable of being infected with an influenza virus. Cell

| ines suitable for the production of an influenza virus are_ known.

Pr ef er abl yFtame the| influgnza yiusnafisdep dd).1a phagnasgutioal cempositiorofgsrieeerred i s

a human ce : ' j ' : 5
cpi thel i ai Prsyefliog BleFieFEathrt P antRfeliid BhugRceinifavits freddhe |
cell |ine opticdly. togaihérewituia pbhemeaedltidallyt aecdpiakle eariey,omidiuvantiney cel |
line 293T. ,In Qne, enbo(g'.é.rent of the present invention, the nethod of the
present i nggll'ﬁq (%a@r%? (i’ V€1 cel |l as described herein. 10The non-hunan
organi smenployed in step (a) may be any organi sm capabl e of being infected

with an influenza virus. Preferably the organismis an organi smenployed in
the productnethesobigct¢frthadnssentdpkention isus engihed dpaHieepranasatiny8hrsm i s an

Tho a t knb e e PO o 8 anfy Bl g ° 1
obt ai ned ainflusbry vitus sfeetinn, iepnfprising thesstepsi are known. | nducing influenza
Chous b AR aRAEHAAERTs WocioRE ohErEAER L Siohd aiBieel one
enpl oys a nomdmdhamanr gaanism eapablé ehreplicating airethfleenza asrude saherdiad
ol 1 "an” enbrilBrHEILY ! GRS oav o RRIRAIOB: GaRFEASAOPaTRa e Wibscr i bed
herein, or mayfidHAaudrust feplicdtRin iAfthERbsEhEAbF 812 modification,
" (b) contacting the cell, the embryonated egg or/and the organism of (a) with
20 an influenza virus,
(c) cultivating the cell, the embryonated egg or/and the non-human organism
under conditions allowing the replication of the influenza virus,
(d) isolating the influenza virus or/and at least one component thereof
produced in step (c), and,
25 (e) preparing the pharmaceutical composition from the influenza virus or/and
the components thereof isolated in step (d), optionally together with a
pharmaceutically acceptable carrier, adjuvant, diluent or/and additive.

A reference herein to the “method” or “method of the present invention” is a

30 reference to the method for the preparation of an influenza virus and to the
method for the preparation of a pharmaceutical composition for the
prevention or/and treatment of an influenza virus infection.



251t is preferred that a nodified cell or/and a nodified enbryonated egg is
provided in step (a) and enployed in steps (b), (c) and (d), or in steps
(b), (c) woroamt{ie), as descri bed herein. "Modificati orCOEPRO16/063B83, t he
enbryonat ed egg or/and non- human organi snt', 30 as used herein, includes
downr egul ati on or/and upregul ati on of the expression or/and activity of at
| east one gene or/and gene product in Hhe cell, the egg or/and the
organism 6 "Modification of the cell, the enbryonated egg or/and the

non- human ghgaddlisdthploged deSEdp REtMAR LRI dhy @l captbie @€ ey infddted withe cel |,
t he enbryonated egg or/and the non-human organismw th at | east one

modul at or @ApBBYeNZsH Viryk ferlklings suitableforibrzrroduction pbpn infliuanga vimist he cel |
> or/and i ¥daR PherdiaBRAMRICH idhal AEIRAR Coli ' SFRIAPELRNAID the
absence of the nodul ator, ereln contacting my be perforne efore or
after stepptéferredriss humaarcedludlsp pieférred épan Epitheldididlli satch as aofunghe cel |,

t he enbryonat.ed. or/ and.,. non- human or gani smnj 0 as .descrihed herein,
may i nél ud&P{tﬁﬁ"ag%gﬁuﬁ‘? 8ﬁ"8?9yaaﬁ ap?%@lr% As@db&e &@@&Hﬁ@ﬁ(cf@@m Sa
r econbi nanaseab pyefidrasitabe €sll RnHe MEAEP eRIyoME KUHE Call IFRNRSIT. wher ei n
the expression or/and activity of at |east one gene or/and gene product is

nodi fi ed s@nen&MiasimenpAAli the presenthinveation, the ewiigomit e agsent and t he
non- human %@ﬁb?@n%lo&@@!deﬂaési c?iBeH_rﬁelré*lﬁ.nza 15 virus i s increased
nfl uenz

conpared with | virus replication 1n the absence of the

nodi fication. Preparation of a reconbinant cell, a reconbi nant enbryonated
egg or/and C in non- h n. Qr.gani, sm i,ncl ude .introduction of a
nucl ei € aciTh|8 %J’QM%E%OJQ?H#B@ t%plgg?? MR er%)r y"é%tbeed ae“éfg O t he
non- human eagablessh being fdcieel with an influenzzugihgl. Prafdrdblyabberganism ishe cel |,
the egg or/and the organism, The nucleic_ acid nolecul e may be incorporated
into the g@RoRESA¥STHEMpigYed By the PrepyelihAf can dtiesizeaNaceinet MOrgon- hunman

or gani sm }F@g%b{e fHRAUR R 9é atnhém%?}dnat%e%ggggu% langh téﬁm?cfrggﬁ [gsm may

25 be nodi , replaced or/and deleted. T clerc acid nol e nmay
conpri se ahesgueageThetperspogkiled i the: adeknowrmaihedshel obigéning much

trans: ant | 5o g MENBHS B bBIRAEEH ST pns Rl 8% R R s
or gani sm mkyiowe. mmgaﬁ]fmmnz?mimsl rapilioaticof by'f'iﬁq@ﬂaﬂmd witd. ah influenzaont ext
enbryo. | FoliRgt KRER: ThroaPrerEPREeTa T e FeRBr YoRUeEiPoghe metoR of
particul ar tife Mpeéddrzatin@htioh t&@pRIYB Y#- non-human organism or/and an

embryonated egg, as described herein.

20

Step (a) of the present invention may include the provision of a cell, an

embryonated egg or/and a non-human organism modified as described

herein, or may include the step of modification.

25 It is preferred that a modified cell or/and a modified embryonated egg is
provided in step (a) and employed in steps (b), (c) and (d), or in steps (b), (c)
(d) and (e), as described herein.

“Modification of the cell, the embryonated egg or/and non-human organism”,

30 as used herein, includes downregulation or/and upregulation of the
expression or/and activity of at least one gene or/and gene product in the
cell, the egg or/and the organism.



7 The person skilled in the art knows nmethods of introducing a nucleic acid
nol ecule into a cell, an enbryonated egg or/and an organism or/and net hods
of del et iwo 20ft/@9nucl ei ¢ acid sequence in the cell, thePermPyanasizd3 egg
or/and the organism ("reconbi nant technol ogy”, as enpl oyed herein). 5 These
met hods may i nclude transfection enploying a suitable vector, such as a

pl asnni d. These nethods nmay al so i ncl ufle honol ogous reconbi nati on of the
nucleic acid nolecule in the genone of the cell or/and the organism The

nucl ei ¢ actodmitatdt ofMive adedi0 e bﬁfﬁ?@hé‘teh”%@?t 8flahAt thd MO dsMAER of the
cell, the enbryonated egg or/and the organism 10 Tables la, 1 b, 4 and 5

descri be t QraRIENt o@SnEgEFEREDN&IRIN, nMaYerinelude r agntasiing ctiei eell, iherein t he
(oot o AL RO O B0 S Mg o

egg or/and uman organi sm e cont r, or by
r econbi nanmddetdtoplcagableasf deseasihgdhkeinduenzd yirubbrplieatiaonin itme tded cont ext
of the prese/nt I pvention nmay be "aF&c(iivgt%i.Oﬂ" or "inhibition". Exat | es of
genes whi cR7ERBNNEoATPRYSIMt FUMPRFRT SHLD iNAUenZd | iRiS, ZeRlication o rggl i cation
are descri bpende dRHeemddulRABE Pherbi Bonfttihg Hh@R BeNie RIS Befre @/ and
activity of theseégenes_or/and gene groducts t hereof, the influenza virus

repl i cati ofAfteastepdd). i sialtancqiisty WHB St i essi on or/and activity of these
genes or/and gene products can be exploited in the nethod of the present

i nvention by inprovenent of virus production. 25 The cell, the enbryonated
egg or/ and“Modifibatiemobihgacells thepembirgehted eggep/dred namhuintars otganism”,

reconmbi nant _cell ... a reconbi nant .enbryonat ed . or/ and reconbi nant

non- huftan 8?9‘3?\?@\%6(’@8@?% A '@gﬁggegr(]ﬁr 8£%qelgﬁ'°8r7’§ﬁadtﬂ@v§&fr \Rr}tﬁ of a
gene sel ectasbriitsinghiledll, esrebotntingntSernbrydpiens eyl Aremhd RRombamaHtaorrRf genes

whi ch upon downregul ati on decrease the influenza virus replication are
descri bed NHMBRRTEANISM, Yhereintingexpressiar o280 Astivity pEatlegst en¢ 8rBCacti vity

of these ggRERdOFEREDrBB0E N GHNGTSd SdanhDitheetsshnity st tfe cell, the

embryonated egg or/and the non-human organism of replicating an influenza
15 virus is increased compared with influenza virus replication in the absence of
the modification.

Preparation of a recombinant cell, a recombinant embryonated egg or/and
recombinant non-human organism may include introduction of a nucleic acid
20 molecule into the cell, the embryonated egg or/and the non-human
organism, or/and deletion of a nucleic acid sequence in the cell, the egg
or/and the organism. The nucleic acid molecule may be incorporated into the
genome of the cell, of the embryonated egg or/and of the non-human
organism. Thereby, sequences of the cell, the egg or/and the organism may
25 be modified, replaced or/and deleted. The nucleic acid molecule may
comprise a sequence heterologous to the cell or/and the organism.
Incorporation of the nucleic acid molecule may be performed permanently or
transiently. A recombinant embryonated egg or/and recombinant non-human
organism may be prepared by manipulation of the germ line. In the context
30 of the present invention, “embryonated egg” in particular refers to the
embryo. For instance, “modification of the embryonated egg” is in particular

a modification of the embryo.



replication can be reduced. An increased expression or/and activity of

t hese genes or/and gene products can be exploited in the nethod of the
present iwoentaiby i nprovenent of virus production. S5Ph@/EPeI10/063333
enbryonat ed egg or/and non- human organi smprovided in step (a) may thus be
a reconbinant cell, a reconbi nant enbryonated egg or/and reconbi nant

non- human organi sm wherein the gene expression or/and the activity of a
gene selected fromTable Ib and Table 4 is upregulated. In particular

upr egul at i ?ﬁ géer@oﬂ Ieﬁeineﬁn%egﬁf(rﬂi% Tﬁﬁtﬁ%&) of et d @I ‘é hﬁcl@t&eémd

10expre55|o sal ene. e cont ex t'he resen | nven
"target" i nudleclds in&) aacallclamteirdbryseqtmh@ggvmt/hnd an gergandsm aod/aadgenorre,
in particular, the

elal 6 sartiingds obablaBnt HARe R A5 3haf0Rce It Gl oS RePrieaabl o

(a). The segygesendthd alganismndrddambiRintRchR¥RIgYEdasd Rnisieyéd hepsinpf
i nfluenza virus replication in a host cell. The target may be di rectly or

i ndireét | yTlhﬁ%Im@f@Oﬂﬁ rpay indyde fansiecieniepployingaa \RuitaBler Rt Auchn.
particularg %Pq?%& ?Héé Sethags %%;PBL JoRERRR! FSM8 og'oﬂé'r g&&lﬁm‘énbpst he

repllcatlon er by actiVatTon target or Inhi'brtiron o
target. ExaﬁMeasuorblaamlgeneleaule |geihesgenmln@axfﬁhalcelet@q,{wdct&ae argagisnes, such

25 i nel uded % G A punelocbBLRENRRRS PRt edial e SPRRRC Frna, °°

m RNA,  pi Riife céy, ttl@éGﬁibrVMatéﬂ%@fgldWémﬂmeaorgéhisﬂeptlde or/and a protel n
encoded by the target gene. Preferred gene products of a target gene are

sel ect'® from mRNA, m RNA, pol ypeptide(s) or/and protein(s) encoded by the
target gengapHRe140%h Br &i&'s 8esEE tatgeti fdr Hn%dald@i%hy&ﬁl?\tflhéﬁfé”vu%m ein

30encoded by the t'arget gene. A'target “protein or a target polypeptide nay
be replication, whereln the targets may be suitable for the modification of the

cell, the embryonated egg or/and non-human organism, either by contacting
with a modulator, or by recombinant technology, as described herein.

15
"Modulation” in the context of the present invention may be "activation" or
"inhibition".

Examples of genes which upon downregulation increase the influenza virus

20 replication are described in Tables 1a and 5. Thus, by increasing expression
or/and activity of these genes or/and gene products thereof, the influenza
virus replication can be reduced. A decreased expression or/and activity of
these genes or/and gene products can be exploited in the method of the
present invention by improvement of virus production.

25
The cell, the embryonated egg or/and non-human organism provided in step
(a) may thus be a recombinant cell, a recombinant embryonated egg or/and
recombinant non-human organism, wherein the gene expression or/and the
activity of a gene selected from Tables 1a and 5 is downregulated.

30
Examples of genes which upon downregulation decrease the influenza virus
replication are described in Table 1b and 4. Thus, by decreasing expression

or/and activity of these genes or/and gene products, the influenza virus



posttranslationally nodified or not. 9 nRNA, tRNA, rRNA, m RNA, and pi RNA
A "CGene product” nay al so be a polypeptide or/and a protein encoded by said
gene. | n wbheooombet of the present invention, "activitpCTaP2aimscizenhe
or/and gene 5 product includes transcription, translation, post

transl ational nodification, post transcriptional regulation, nodul ation of
the activity of the gene or/and gene pgoduct. The activity nmay be nodul at ed
by ligand binding, which |ligand may be an activator or inhibitor. The

activity I d t : 1 | ecul e, an
si RNA nol g%'@,aﬁgrﬁ%gﬂ?es;égr@gggORﬁd@&%%xgg%?%eg%ﬁa@%pwog@ieggor/ and
any ot her genteiot/andi geneaprathfts chrbeexslvited Thehaniathod Yof dhe toresagne may
al so be nodul a%,ed by reconbi ntre:%t .techn Io%y, as descri bed herein.

Modul at i onMYEPUIED Y IBRTOES TR RIOSHEUN: ol ecul e, an anti body, an
aptaner, or/and a spiegelnmer (mrror inmage aptaner). 15 The nmethod of the
present invention may be suitable for the production of a pharmaceutical
conposkt i omhemell; agmbpyenaied iegg @rfanchaon-emarcatgapisramproyidedin stepMa)h any

i nfluenza yj he | Vil US Ml [ r uitable
for vacci nyéy;?&fgpgo%.rb%@gﬁ%?uceerqzé Q%Qﬁ%@nérjbg%éﬁéﬁ%ﬁeeq@gw%\néi rus.
fThe :cnfl uemrﬁbimianmomlxanm erjamisradwhersin ithé Igaaelzap@esréricmm,?nﬂsthbat ed so
ar from avi an_and manmal i an or gani . In particul ar, the i uenza A
Vitus - BEG BF oaors seraed o pRbieths BH Kablerd i uhiasweta e o,
H2NL, 25 ngicuiﬁ%rﬁg@blﬂonﬁa endd¥lecttld Fom MiabR 15BN TABMNd is G988, H3N4,
H3N5, H3N6, H3N8, HANL, HANZ, N3, HAN4, HANS, HAN6, HAN8, HAN9, H5N1,
H5N2, REN3eXpIRRsiontgigaid BBNg, H5N9, H6NL, HEN2, H6N3, H6N4, HEN5, HENG,
H6N7, HEN8, HO6N9, H/N1l, H7N2, H7/N3, H7/N4, H/N5, H/N7, H7/N3, H7N9, HIONL1,
HON2, HON3, HON5, HON6, HON7, HONS, HION1, 30 HION3, HION4, HION6, H1ON7,
HL1ON8, H1OMBtheHddmMExt dithélpreddnt hib/entiba N9 "tarANIncliteaN4, HL2N5, HL12N9,

, , : D, d :
) N R

H_5N1- Even Wimiﬁ@rﬁdrﬁéh@éhé,or/ah@ thBEh_dnh'éﬁ géﬁémeA virus i S st_rai n Puerto
Ri co/ 8/ 34, the avian influenza virus isolate H5N1l, the avian influenza

st r ai nis A/ Fi)/aBpaelpig a6idy 9rdand-applypeptids; encrdegNyysthe nyoigotidessgquence
Al Pananma/ 99 (dlé-i?(g??_), or a swine flu strain HLNL. 5The influenza virus nmay be
an influenza B'virus. In particular, the influenza B

The sequence of (a) or/and (b) may be involved in regulation of influenza

virus replication in a host cell. The target may be directly or indirectly
involved in the regulation of influenza virus replication. In particular, a target

20 is suitable for increasing of influenza virus replication, either by activation of
the target or by inhibition of the target.

Exampies of targets are genes and partial sequences of genes, such as
regulatory sequences. A target according to the present invention also

25 includes a gene product such as RNA, in particular mRNA, tRNA, rRNA,
miRNA, piRNA. A target may also include a polypeptide or/and a protein
encoded by the target gene. Preferred gene products of a target gene are
selected from mRNA, miRNA, polypeptide(s) or/and protein(s) encoded by
the target gene. The most preferred gene product is a polypeptide or protein

30 encoded by the target gene. A target protein or a target polypeptide may be
posttranslationally modified or not.

A "Gene product" as used herein may be selected from RNA, in particular



virus may be selected fromrepresentatives of the Victoria line and
representatives of the Yamagata line. In the nethod of the present

i nvent i orwormodii2poat i on of the cell or/and io organi sm aCT@mPAINNG63383 St ep
(a) to increase the influenza virus replication includes nodul ating the
expression of a gene selected from Table 1A, Table 1B, Table 4 and Table 5,
or/and a gene product thereof. In partigcular, nodification of the cell
or/and organi sm nay activate the expression of a gene selected from Tabl e

1B and Tabl o] d ene duct t eQf,~0r 15 ification of the
col | or | anr AR AT HRYAT PRI S rIRISRC RS e, prodlBs e bstay r om
Tables 1A ?a@pépmé andna@ agsroteinendodéd bheafbgendddul ating the expression
may be pertforned by contacting the cell, the enbryonated egg or/and the

organismw th a nodul ator as descri bed herein, or may be perforned in a

reconbi nan I [ t eYelny r&‘rﬁé’dﬁ)i t
or gani sm E g%pfgaﬁé(??ﬁﬁﬂgfﬂ%%lé%ﬁ%h gﬁ’crl tlggphgf; gﬁgeﬁg t he Fﬂgd of the
present i npeaduchnncludeds f iraradriptionf tramslation| ,pashdrandationaht roddifiggtian,/ and t he

non- human Qqr Lsm i I .inhibition h XDr ion or/and_gene
o baner acBpe forriRbna) fadtfiio M iiaflh 8k 1l SelURL 5P He0Batt FRadE s o
i ncr easi nggehe prodlidteTiia activitlsmagie eaidulziedby ligandanadihg, whichnigahdt i ng
b TG o SR o i oS 0258 sk ar
enbryonat e (s e“n r I r ;' may be
reconmbi nantdigNIPdhdIb&tle S Ant SIRNANAGRERIIES §h IRNA AtledlRBE aR! QRtiKdnsaCt i Vi ty

of the MKA gene is inhibited by at |east one 30 nodulator selected from
m R- 141, nhEcleir]acidi R- 2ecey nuGeiz0@cid qifansuasyr othertengolejc dagid,vasi ves

t hereof , ant] 1 ei (o szwgs R of | I [ US
sequences. BF%SrWi%E§'QF ﬁ? h 4‘%2“%13‘% ho oq‘eﬂéhe r %rsp%ntdél n@g&g@?ﬁ b'tS}he MK A
gene i s posécdmisinahtittecadlogy,i abi desaribedy hateiheddbdulafiomnmagodisbaber

sel ected frOEP mR-141, m R-141*, m R-200c, {1% R- 200c*, precursors .t hereof,
deri vat i veBEHREPES bY 1t Eals Anglgevle; can cpalibody, RRAs ap oHandi Af | uenza

virus sequgpegaimér @ni},l@eirﬁg%@ggté}ﬁe,t)he present invention, m R-141,
m R-141*, m R-200c, m R- 200c*, or/and precursors thereof may be

over-ewpressed in the cell, in the enbryonated egg or/and in the non-hunman

. _ . . n- hura
R e e

a decoy nupharmaecaititabréamplositiaterfiov athev eoreventeof .orfamdt edtrmeat aff anhe MA
erformed by a small nol ecul e, an anti body,

g(l’)ll ggte g%??rifgc':tgog]' @Bé:aﬁgﬁﬁ%&%oﬁrqsmge apt aner) .

20 The influenza virus may be any influenza virus suitable for vaccine
production. The influenza virus may be an influenza A virus. The influenza A
virus may be selected from influenza A viruses isolated so far from avian
and mammalian organisms. In particular, the influenza A virus may be
selected from H1N1, H1N2, H1N3, H1N4, H1N5, HIN6, H1N7, H1N9, H2N1,

25 H2N2, H2N3, H2N4, H2N5, H2N7, H2N8, H2N9, H3N1, H3N2, H3N3, H3N4,
H3N5, H3N6, H3N8, H4N1, H4N2, H4N3, H4N4, HAN5, H4NG, H4NS8, H4NS,
H5N1, H5N2, H5N3, H5N6, H5N7, H5N8, HEN9, HEN1, HEN2, HEN3, HEN4,
HBN5, H6NG, H6N7, HENS, HENS, H7N1, H7N2, H7N3, H7N4, H7N5, H7N7,
H7N8, H7N9, HON1, HON2, HON3, HON5, HON6, HON7, HON8, H10N1,

30 H10N3, H10N4, H10N6, H10N7, H10N8, H10N9, H11N2, H11N3, H11NS6,
H11N9, H12N1, H12N4, H12N5, H12N9, H13N2, H13N6, H13N8, H13N9,
H14N5, H15N2, H15N8, H15N9 and H16N3. More particularly, the influenza
A virus is selected from H1N1, H3N2, H7N7, H5N1. Even more particularly,



15The sequences of m R-141, m R-141*, m R-200c, and m R-200c*, precursors
thereof and the hairpin structure of the precursor are described in Fig.

18. The rmwB-20tilo2ea1d m R- 141* nmay be co-expressed in a ceCiI/Hrgo1a/063383) e
precursor. The m R-141 and m R-141* conprise conpl enentary sequences which
may formthe hairpin structure of the precursor. The m R-200c and 20

nni R-200c* nmay be co-expressed in a celjd by a single precursor. The m R200c
and m R-200c* conprise conplenentary sequences which may formthe hairpin

structure Qf t recursor.. In t.he.c 1 h resent .i nvention,
hiuenza ResiifieREEARITE beSrtberfigdhdibeRicdafeh g an g MiB%,
identity toldie MM gieesviatbfuenza stginnRFFMVIBRdtisidve/TY ¢HBNY), stigint | on,

t he MKA gene may_be inhjbited or/ande} he virus replication may be activated
by at | casCRRVA? HANUL SSraim AP aramaisdl (HAND)a At p SuiRe MRRttag LRSI ng an

i nfl uenza A virus sequence or/and a sequence derived froman influenza A
virus sequence. 30 Modification of the cell, of the enbryonated egg or/and
of t hesnonTheinfluenzgatiiusmaypeiarcinfldenzahB vinisi b pagiculsr, thiesniugnzasBi on

o naci cot | 0% AL BE° SklEl gro P, TP RecbiflEhCel " MiGeBE e 2R, * (¥
(b) a fragrepnésarftatived sfeheefmeagdta(iap. having a length of at |east 70% at

| east 80% at |east 90% at |east 95% at |east 98% at |east 99% of 5the
sequence of (a), (c) a sequence which is at least 70 % preferably at |east

80% nore py gherpbinbdilof! RS bré&ht | ie8ktidiR! moRificAtos CEU e Ecelf of/hdor / and

(b), or/and (d) a sequence conplenentary to a sequence of (a), (b) or/and
(c). 1o Moeigansam iansordingHe stepl (a)t teeinengaseoilg duflusggaoyirus deplisatioon- hunan

, e . . . q
o 9ent o Tl 5 35 B el B SBISHSY BBPTgR Ap T oCht
sequence stBedtabie f4 amdt fabke§ueortas] &f géabl produdt ahdrebb Tablparticulén, i) a

et o R el bl antist ATttt SB3hsoR pb st oo
of (i),  gene selected from Table 1B and Table 4 or/and a gene product thereof, or
15 modification of the cell or/and organism may inhibit the expression of a gene
selected from Tables 1A and 5 or/and a gene product thereof. Modulating
the expression may be performed by contacting the cell, the embryonated
egg or/and the organism with a modulator as described herein, or may be
performed in a recombinant cell, a recombinant embryonated egg or/and

20 recombinant organism, the production of which is described herein.

In the method of the present invention, modification of the cell, the
embryonated egg or/and the non-human organism may include inhibition of
the expression or/and gene product activity of the MxA gene. The at least
25 one modulator capable of increasing the influenza virus replication may be
capable of inhibiting expression or/and gene product activity of the MxA
gene. The cell, the embryonated egg or/and the non-human organism, as
described herein, may be recombinantly modified so that the expression
or/and gene product activity of the MxA gene is inhibited by at least one
30 modulator selected from miR-141, miR-141*, miR-200c, miR-200c*,
precursors thereof, derivatives thereof, antisense nucleic acids, siRNAs,
shRNAs and influenza virus sequences. In particular, in the method of the

present invention, the MxA gene is post-translationally inhibited by at least



(i1i1) a sequence which is at least 70 % preferably at | east 80% nore
20preferably at | east 90% identical to the sequence of (i) or/and (ii),
or/and WO02011/029¢1#v) a sequence conplenentary to a seqBREmEP2@0/063333 (i)
or/and (iii). The at | east one nodul at or capabl e of increasing the

I nfluenza virus 25replication may be capable of inhibiting expression
or/and gene product activity of a genejqwherein the gene conprises (a) a
nucl eoti de sequence sel ected fromthe sequences of Tables 1A and 5, (b)

a fragnment i h of. e 04 . at

30l east BOﬁéa%%ﬁgffg&u%g&;%teg ffogﬁs&?%@%’gmhﬁgggt’ 81&%%%40 %@L@%Z%ég% of the
sequence oprdauysoréClheresfeoimivativedi thbréaf, aintibeasd niitidic suied esiMNAs,at | east
80% nore gréf rabldy_ ﬁt | east 90% i dentical to the sequence of (a) or/and
(b), 13 ophBNAs@ENd RNY@RrARNKEE SeIHANSPSnt ary to a sequence of (a), (b)
or/and (c). The at | east one nodul ator capabl e of increasing the

I nfl uenza virus 5replication may be capabl e of activating the expression

or / and sgené graomethociof iha preseht invpaion, whdriln mifRe14Eh niBo2@0¢, 98iIR-(i) a
nucl eoti de e f uence Tabl e nd_Tahl e 4,
() o 11 aghf DA BTl (8T Hiay B RG Sfenh i dncfr 0o
10l east 80¥mbayonatedted@Oéh/ard in dashoRdiimant ofrgaaismO8ier-aikptezaiin #1256 of

be transiently or permanently.

10 On the RNA level, inhibition may be performed by antisense nucleic acid,
siRNA, shRNA, a decoy nucleic acid or/and a derivative thereof. On the level
of the MxA polypeptide, inhibition may be performed by a small molecule, an

antibody, an aptamer, a spiegelmer (mirror image aptamer).

15 The sequences of miR-141, miR-141*, miR-200c, and miR-200c*, precursors
thereof and the hairpin structure of the precursor are described in Fig. 18.
The miR-141 and miR-141* may be co-expressed in a cell by a single
precursor. The miR-141 and miR-141* comprise complementary sequences
which may form the hairpin structure of the precursor. The miR-200c and

20 miR-200c* may be co-expressed in a cell by a single precursor. The miR-
200c and miR-200c* comprise complementary sequences which may form
the hairpin structure of the precursor.

In the context of the present invention, influenza A sequences have been
25 identified having a high degree of identity to the MxA genes. Thus, in the
method of the present invention, the MxA gene may be inhibited or/and the
virus replication may be activated by at least one microRNA or/and at least
one antisense RNA comprising an influenza A virus sequence or/and a
sequence derived from an influenza A virus sequence.
30
Modification of the cell, of the embryonated egg or/and of the non-human
organism may include the inhibition of the expression or/and gene product

activity of a gene, wherein the gene comprises



t he sequence of (i), (iii) a sequence which is at least 70 % preferably at
| east 80% nore preferably at | east 90% identical to the sequence of (i)
or/and (iw,20avc2emd 15(iv) a sequence conplenentary to &CTERo@0M63303 (i),
(ii) or/and (iii). The cell, the enbryonated egg or/and non-hunman organi sm
may be reconbinantly nodified, as described herein, so that expression
or/and gene product activity of a genegs inhibited, wherein the gene
conprises 20(a) a nucl eotide sequence sel ected fromthe sequences of Tabl es

1A and 5, (b t | t
70% at | east Do TR bod R URRES it e sLARANETRT AT, o506
of the sequence aﬁd('sa) 25(c) a sequence which is at least 70 % preferably
t | t 80% f t | t % i dent I th f

o ey RO ok sRoubser By o bl R (ot
or/and (c). 30Th%a%?hb%,téﬂ¢e§é¥tg'0‘¢/9”§ttI@Qs@@@%?éf bt @9%,@4@5‘5t%93’)@r6f5m may

be reconbinantly no as described herein, so that expression or/and
gene psoduct acttha $quca ajéak is activated, wherein the gene conpri ses

(L2 S oot e p R BRpe AR 3 A U RORATR e BRp, PR | L2
70% at |east 80pwefatablyeasleBDB0%tidértrat tOME satueees bf 98Por/and I(Bpst 99%
of the sequence 8;‘_/3%) :
(d) a sequence complementary to a sequence of (a), (b) or/and (c).
10
Modification of the cell, the embryonated egg or/and the non-human
organism may include the activation of the expression or/and gene product
activity of a gene, wherein the gene comprises
(i) anucleotide sequence selected from the sequences of Table 1B and
15 Table 4,
(i) a fragment of the sequence of (i) having a length of at least 70%, at
least 80%, at least 90%, at least 95%, at least 98%, at least 99% of
the sequence of (i),
(iii) a sequence which is at least 70 %, preferably at least 80%, more
20 preferably at least 90% identical to the sequence of (i) or/and (ii),
or/and

(iv) a sequence complementary to a sequence of (i), (ii) or/and (iii).

The at least one modulator capable of increasing the influenza virus
25 replication may be capable of inhibiting expression or/and gene product
activity of a gene, wherein the gene comprises
(a) a nucleotide sequence selected from the sequences of Tables 1A
and 5,
(b) a fragment of the sequence of (a) having a length of at least 70%, at
30 least 80%, at least 90%, at least 95%, at least 98%, at least 99% of
the sequence of (a),
(c) a sequence which is at least 70 %, preferably at least 80%, more
preferably at least 90% identical to the sequence of (a) or/and (b),



5(i1i) a sequence which is at least 70 % preferably at |east 80% nore
preferably at |east 90% i dentical to the sequence of (i) or/and (ii),
or/and (iwY a113eeuence conpl enentary to a sequence of (PLCI/EPRé1D/06I3BRANd
(iii1). 10As used herein, a reference to a nucleotide sequence or/and a gene
di sclosed in one or nore Tables of the present invention is understood to
be a reference to a specific sequence @ sclosed in said Table(s), and a
reference to a sequence characterized by an Accessi on Nunber, a Gene nane,
a Locus Link, a §%$§ a Genel D, a GeneSynbol, or/and a 15 Genbankl D

di scl osed in saP bIe(s) By reference to an Accession Nunber, a Gene

nane, a Locugd}-iandequentitbfiplemettargltda sequenesiiiw), (b)QlirIaEﬂdIlgcf; Genbankl D,
the skilled person Is able to identify the correspondi ng nucl eotide
sequence or/and am no acid sequence. A particul ar sequence may be

characterizgd Qf/nggﬁ %e”ﬁ{d‘f‘j@éto?‘”céfna‘ggi%iorhd}@%ﬁ th% OMferdd W a

Locus Li nk, CGenel D, a and Genbankl D, as |nd| cat ed
in thesTabt@ncat«m ofayr be cepablezofiganiivating the expreissionne/aid gene predias of t he

present in o] tlcular a reference to a
sequence, éﬁt@hﬂyog S%fg%%ieié ﬂgegoen a‘#’ﬂEt 211 zed by an Accession Nunber, a
Cene nane, a [ipcahuclettideacfuehod seectéahfedm, the segnebyedof TaRleolE and a

Genbankl D di scl oigd i‘P said Tabl e(s). Modification (including nodul ation
and reconbi nant Blertscat i on) may be a nodification of a kinase or/and a

modul ator of g k!arf?a'i_)%é’r'ltrﬁ?'tﬂg gh&ﬁ@@bf@?hamgreﬂéhgftﬁ‘%féﬁ IdR2F0opng ki nase
or/ and ki nase b| ndi ngag 4 ypeptide 1 s 30encode nucl ei ¢ acid or/and
®

gene sel ected frigast N%@W&bﬁi’feleag 95%5 at lﬁﬁsé3§f/n@ttlﬁ@8tl9ﬂ%@énza
virus replicati og]e;@é/%féepcg t| vat or conpri sing: (i) a nucl eotide
ro able

sequence sel ecte ’B and Tabl e 4,
(iii) a sequence which is at least 70 %, preferably at least 80%, more

preferably at least 90% identical to the sequence of (i) or/and (i),
or/and
15 (iv) a sequence complementary to a sequence of (i), (ii) or/and (iii).

The cell, the embryonated egg or/and non-human organism may be
recombinantly modified, as described herein, so that expression or/and gene
product activity of a gene is inhibited, wherein the gene comprises

20 (a) a nucleotide sequence selected from the sequences of Tables 1A and
35,

(b) a fragment of the sequence of (a) having a length of at least 70%, at
least 80%, at least 90%, at least 95%, at least 98%, at least 99% of
the sequence of (a),

25 (c) a sequence which is at least 70 %, preferably at least 80%, more
preferably at least 90% identical to the sequence of (a) or/and (b),
or/and

(d) a sequence complementary to a sequence of (a), (b) or/and (c).

30 The cell, the embryonated egg or/and non-human organism may be
recombinantly modified, as described herein, so that expression or/and gene
product activity of a gene is activated, wherein the gene comprises

(i) a nucleotide sequence selected from the sequences of Table 1B and



(i1) a fragnent of the sequence of (a) having a length of at |east 70% at

| east 80% at |east 90% at |east 95% at |east 98% at |east 99% of 5the
sequence WD 20i1)02991i i ) a sequence which is at |east 70 ¥CTmPedenei3By at

| east 80% nore preferably at |east 90% i dentical to the sequence of (i)
or/and (ii), or/and (iv) a sequence conplenmentary to a sequence of (i),
(ii) or/and (iii). 10 The at |east oneigmctivator may be capabl e of
activating expression or/and gene product activity of a gene conprising
sequence (i), (iLl.)a @i%i) or/and (iv). In the nmethod of the present

I nvention, the at P aSt one nodul at or capabl e of 15i ncreasing the influenza

virus replicati)oa fraymést ¢frtherseiqoehos of ginpavivigng ler(dih oft ablgdse FOrLleatsequence

sel ected from Tables 1A and 5, a fragment of the sequence of (a) having
a length of at |&ast89 Qatg@aqt@gﬁ%, RoioasHPO foe gk teash 5 "artat| @@zt 9BB Rl at

| east 98% at |egyd &g?@n%g 4dihg sequence of (a), 20(c) a sequence which is
at least 70 %._pref%r bly at.qﬁ’e_ast 80% nore preferably at |east 90%
i denti eal to {(iheassaquence wlhichdy airleasid7Q 19p, pafeeaidy @t jeast HHae muwe

conpl enmentary to . r./ C The,. | eqst., one

I nhi bitor may bepca{%’;agﬁ“gggﬁeéﬁsﬁhé@%’t'F%gﬂ%agﬁpgtggi %%&%Pﬁgn%egghgaﬁao(hhct
activity of a gepgampdnprising sequence (a), (b) (c) or/and (d). The at

| east nodul atgr of influenza yirus replication enployed in the method of
e prosent i AYLAISEOHCDES ARSI o SREMBHCH A b ontaa B8 fom the 30
group consi sting of nucleic acids, nucleic acid anal ogues such as

ri bozynmes, peptides, polypeptides, antibodies, aptamers, spiegelners, small
mol ecufes ARdused ojergins| @i iefersings. to a nucleotide sequence or/and a gene

disclosed in one or more Tables of the present invention is understood to be
a reference to a specific sequence disclosed in said Table(s), and a
reference to a sequence characterized by an Accession Number, a Gene
name, a Locus Link, a Symbol, a GenelD, a GeneSymbol, or/and a
15 GenbankID disclosed in said Table(s). By reference to an Accession
Number, a Gene name, a Locus Link, a Symbol, a GenelD, a GeneSymbol,
or/and a GenbankID, the skilled person is able to identify the corresponding
nucleotide sequence or/and amino acid sequence. A particular sequence
may be characterized by one or more of an Accession Number, a Gene
20 name, a Locus Link, a Symbol, a GenelD, a GeneSymbol, and a GenbankID,
as indicated in the Tables. A reference to a gene disclosed in one or more
Tables of the present invention is understood to be in particular a reference
to a sequence, such as a gene sequence, characterized by an Accession
Number, a Gene name, a Locus Link, a Symbol, a GenelD, a GeneSymbol,
25 or/and a GenbanklD disclosed in said Table(s).

Modification (including modulation and recombinant modification) may be a
modification of a kinase or/and a modulator of a kinase binding polypeptide,
wherein the at least one kinase or/and kinase binding polypeptide is

30 encoded by a nucleic acid or/and gene selected from Table 1A and Table
1B.

In the method of the present invention, the at least one modulator capable of



16 The nodul ator of influenza virus replication may be a conpound having a
nol ecul ar wei ght snaller than 1000 Dalton or smaller than 500 Dalton. In

t he cont ewO 20f1/i2bE4pr esent i nvention, "small nol ecul e" PefT@POWO6333E 0Npound
havi ng a nol ecul ar wei ght snaller than 1000 Dalton or snaller than 500
50alton. In the nethod of the present invention, the small nol ecul e may be
directed against a pol ypeptide conprisjighg (a) an am no acid sequence
encoded by a nucleic acid or/and gene selected from Table | A Table 1B,
Tabl e 4, and Table,5, ment _of the s ence of. (a) having a
langth of BEraegit t8miuenzst iushepi R ineios &F BAVR6EmBishBysa; - at

| east 98% at (i) easiuchfidefsdquense geriets #bm( Pable B and Table 4n ami no acid
sequence which is at |east 70% preferably at |east 8096 nor e Breferably at

| east 90% i defit)i 8dfagreent tae §aeHeRcRP! @)havp_g FiRNGD @i phlesst 8P % 1 present
i nvention prefer %Q\legg‘?mt'léfs? 9@)"/9“&' 18L&t ?@“(/gm tl%ﬁ%f QB%,té?%éE{EQ%bfac' d

conpri ses a nucl eo e sSequence sel ected sequences 0 le 2 and
Tabl e 4 and fr agthensequeansearff(i), 20Pr ef erably, the nucleic acid is sel ected

derivatives t ALF BoredtERad el ShostibdRor 61 BRelo ekl ol B0& HgE .
i nhibitors are RpVefordbheat %aaaambheemicdkm thetsyduenescs . (i)Togan@ i, at or  of

the present |nvent|o$2 in particular the inhibitor of the present invention
may conprise (i)CHANRNA nol ecul e capabl e of RNA interference, such as si RNA

or/and shRNA, (i) a sequence complementary to a sequence of (i), (ii) or/and ().
10
The at least one activator may be capable of activating expression or/and

gene product activity of a gene comprising sequence (i), (ii) (iii) or/and (iv).

In the method of the present invention, the at least one modulator capable of

15 increasing the influenza virus replication may be an inhibitor comprising:

(a) a nucleotide sequence selected from Tables 1A and 5,

(b) a fragment of the sequence of (a) having a length of at least 70%, at
least 80%, at least 90%, at least 95%, at least 98%, at least 99% of
the sequence of (a),

20 (c) a sequence which is at least 70 %, preferably at least 80%, more
preferably at least 90% identical to the sequence of (a) or/and (b),
or/and

(d) a sequence complementary to a sequence of (a), (b) or/and (c).

25 The at least one inhibitor may be capable of inhibiting expression or/and

gene product activity of a gene comprising sequence (a), (b) (c) or/and (d).

The at least modulator of influenza virus replication employed in the method
of the present invention of the present invention may be selected from the
s0  group consisting of nucleic acids, nucleic acid analogues such as ribozymes,
peptides, polypeptides, antibodies, aptamers, spiegelmers, small molecules

and decoy nucleic acids.



30(ii) a MmRNA, (iii) a precursor of the RNA nolecule (i) or/and (ii), (iv)
a fragnent of the RNA nolecule (i), (ii) or/and (iii), (v) a derivative of
t he RNA mebDeouleIaht (i), (ii) (iii) or/and (iv), or/andPCIEPeMON6IB3DNA

nol ecul e encodi ng the RNA nol ecule of (i), (ii) (iii) or/fand (iv). A
preferred nodulator is 5(1) a MRNA, (ii) a precursor of the RNA nolecule
(i), or/fand (iii) a DNA nolecule encod l?ng the RNA nolecule (i) or/and the
precursor (ii). 10Yet another preferre nodul ator is (i) an RNA nol ecul e

capabl e of NA i nterference, such as si RNA or/and shRNA I ) a, precursor
ot ruaThBraeduiglar o G engal “hud SeBlcStipn el BeoacarBbetid batitBud: ng ¢ he

RNA ol eCUh\%le(du)ar%élgﬁﬂsﬁwﬁﬁerpthgﬁtﬂr(mrDé@éd b) smBNY {Hahesod Eéltéﬁﬂﬂt}hé of RNA
interference are descCribed in WO 02/44321 the di sclosure of whic

i ncl uded heordext BY thefrresastke invienteaRN\swalhmaolecule” refers to a compound
having a molecular weight smaller than 1000 Dalton or smaller than 500

5 Dalton. In the method of the present invention, the small molecule may be
directed against a polypeptide comprising
(a) an amino acid sequence encoded by a nucleic acid or/and gene
selected from Table 1A, Table 1B, Table 4, and Table 5,
(b) a fragment of the sequence of (a) having a length of at least
10 70%, at least 80%, at least 90%, at least 95%, at least 98%, at
least 99% of the sequence of (a), or/and
(c) an amino acid sequence which is at least 70%, preferably at least
80%, more preferably at least 90% identical to the sequence of
(a).
15
The modulator of the present invention preferably comprises a nucleic acid,
wherein the nucleic acid comprises a nucleotide sequence selected from the
sequences of Table 2 and Table 4 and fragments thereof.

20 Preferably, the nucleic acid is selected from
(a) RNA, analogues and derivatives thereof,
(b) DNA, analogues and derivatives thereof , and
(c) combinations of (a) and (b).

25 Suitable inhibitors are RNA molecules capable of RNA interference. The
modulator of the present invention, in particular the inhibitor of the present
invention may comprise

(i) an RNA molecule capable of RNA interference, such as siRNA
or/and shRNA,

30 (i) a miRNA,

(ii) a precursor of the RNA molecule (i) or/and (ii),
(iv) a fragment of the RNA molecule (i), (i) or/and (iii),
(v) a derivative of the RNA molecule of (i), (ii) (iii) or/and (iv), or/and



described in Bartel D (Cell 136:215-233, 2009), the disclosure of which is
20i ncl uded herein by reference. The RNA nol ecul e of the present invention
may be a woublig2siiranded RNA nol ecul e, preferably a doulpCemapreaneisds si RNA
nol ecule with or without a single-stranded overhang al one at one end or at
both ends. The si RNA 25nol ecul e may conprise at | east one nucl eotide

anal ogue or/and deoxyri bonucl eotide. 47 The RNA nol ecul e of the present
invention may be an shRNA nol ecul e. The shRNA nol ecul e nay conprise at

acr . enpl oyea o A ARGAHE fvePie, ¥ RN el SOl il Pubfaci' o

a DNA encodi ng tfig).antisense nucleic acid. The nucleic acid or/and nucleic
acid fragnment enployed in the present 5 invention may have a | ength of at
| east 15, preferably at least 17, nore preferably at |east 19, nost

pref erabl yp re{ré?,péﬂ moHulH4S) got i des. The nucleic acid or/and the nucleic
acid fragrre have a length of at the maxi mum 29, preferably at the
maxi mum 27, r’rﬂl‘;eap’f’l@f‘é‘h,abl y at the maximum 25, especially nore preferably

at the maxi nmu Ly, m 22 nucl eoti des. The
nucleic acid g’r}p% gg"?'gﬂpéﬁ{«? p‘?@éerﬂgech@e 8%ﬁbray be a nnicroRNA (m RNA),
a precursor, §iif a@jﬂhnﬁoleomeaerdmﬁingiMereNAhﬁbmﬁle Mher/aadRtie prcubsdre t he
| engt h of the nu?l eic acid as described herein. The mi RNA rmay in

10 Yet another preferred modulator is
(i) an RNA molecule capable of RNA interference, such as siRNA or/and
shRNA,
(ii) a precursor of the RNA molecule (i), or/and

(iii)a DNA molecule encoding the RNA molecule (i) or/and the precursor

15 (ii).

RNA molecules capable of RNA interference are described in WO 02/44321
the disclosure of which is included herein by reference. MicroRNAs are
described in Bartel D (Cell 136:215-233, 2009), the disclosure of which is

20 included herein by reference.

The RNA molecule of the present invention may be a double-stranded RNA
molecule, preferably a double-stranded siRNA molecule with or without a
single-stranded overhang alone at one end or at both ends. The siRNA

25 molecule may comprise at least one nucleotide analogue or/and
deoxyribonucleotide.

The RNA molecule of the present invention may be an shRNA molecule. The
shRNA molecule may comprise at least one nucleotide analogue or/and

30 deoxyribonucleotide.

The DNA molecule as employed in the present invention may be a vector.



15particul ar have a |length of about 22 nucl eotides, nore preferably 22

nucl eot i des. The nodul ator of the present invention may conprise an

ant i body,woetrerigizeeithe anti body may be directed agai nst &CiRrasie/06338and

ki nase bi ndi ng 20pol ypeptide. Preferably the antibody is directed against a
ki nase or/and ki nase bi nding pol ypeptide conpri sing (a) an am no
aci d sequence encoded by a nucleic aciqg or/and gene 25sel ected from Tabl e
1A, and Table 1B, (b) a fragnent of the sequence of (a) having a length of

Meast 000 She MleieiE Hiha Ehlofeq iF W, asent Invefidh mayihedbn FikepRE) o

whi ch is ahutlersicid @¥a DNAfeTcMING Rk drtikehs8@80Rkic agide preferably at |east
90% i dentical to the sequence of (a) or/and (b). 19 pol ypeptide conprising

(a) an ami no acid sequence encoded by a nucleic acid or/and gene sel ected

from Tabl e‘(gﬁ/(? nucléi®) aédf g@% c[ci’ ict B& ﬁﬁb‘ﬁ\'&ﬁ eé;ﬁ?&gég e ﬁVtHég digth of

at |least 7 at 5l east east st 98% at
| east 99% imventien smqyuémye afle(lgyh of)ra’cdealst( t%, arefardbhyo aadeastséaumme whi ch

is at |eas I | east % [ ref er abl | . 90%
| dent i cal Beffg IBEQE qu{ﬁ(%%[)p%%rgﬁg %tb%gsﬁaﬁ)lrﬁm@eeqq%gﬁoﬁ’hgﬁ@%%r red
enmbodi ment acidhsr/ad thoniycleuss: abid éreigateragaay bhve apehyheot atdt@eanarimuzh ng
29, preferably at the maximum 27, more preferably at the maximum 25,
especially more preferably at the maximum 23, most preferably at the

10 maximum 22 nucleotides.

The nucleic acid employed in the present invention may be a microRNA
(miRNA), a precursor, a fragment, or a derivative thereof. The miRNA may
have the length of the nucleic acid as described herein. The miRNA may in
15 particular have a length of about 22 nucleotides, more preferably 22

nucleotides.

The modulator of the present invention may comprise an antibody, wherein
the antibody may be directed against a kinase or/and kinase binding

20 polypeptide.

Preferably the antibody is directed against a kinase or/and kinase binding
polypeptide comprising

(a) an amino acid sequence encoded by a nucleic acid or/and gene

25 selected from Table 1A, and Table 1B,

(b) a fragment of the sequence of (a) having a length of at least 70%, at
least 80%, at least 90%, at least 95%, at least 98%, at least 99% of
the sequence of (a), or/and

(c) an amino acid sequence which is at least 70%, preferably at least

30 80%, more preferably at least 90% identical to the sequence of (a)
or/and (b).

In another preferred embodiment, the antibody is directed against a



(a) an am no acid sequence encoded by a nucleic acid or/and gene sel ected

fromTable 5, 15(b) a fragnent of the sequence of (a) having a |length of at
| east 70%voaonileess 80% at | east 90% at | east 95% at PCE&APR019D8433RL | east
99% of the sequence of (a), or/and (c) an amino acid sequence which is at
| east 70% preferably at |east 80% nore preferably at |east 90% i denti cal

to the 20sequence of (a) or/and (b). Hwe antibody of the present invention
may be a nonocl onal or polyclonal antibody, a chinmeric antibody, a chineric

si ngl e chain, antj.bo Fab fragnment or a fragnent produced by a Fab
expr essi oinWBFB{J@e. gé@"%‘@%ni gues of preparing antibodies of the present

invention ar gakaavamino ackkisehesnderetrodeybpcd muelei@ridid aied gerebe
prepared by the hunan B-cell hybridoma technique or by the EBV-hybridoma
t echni que (Ki 5he@lected fiem Takdg8, Nat ure 256: 495-497, Kozbor et al., 1985,

J. | mmunol . Nb'\(ﬁs Q&%ﬁrﬁ%ﬁfthé%qﬂépg@%?agﬁaﬁh a é;@tﬁla 8§§i %%%?76‘%% t Cole et

al ., 1984, 62: 10 20) I meric I es (nmouse/ hunman)
may besprepar edldagt 884, atrigasiu®0%hat tessh @$S0.04t Ipbst B8%n atdeadt 99% 384, PNAS,

81: 6851- 6855), uperger e : 84, 312:604-608) and Takeda et al.
(1985, Nature %%gel%%i]ggoﬁ{ﬁior/gﬁ gl e chain anti bodies may be prepared by

Itett;hni ques( kl‘(lc)'vanta'mﬁlopletiﬂomqﬂérichWhich ishet Ryast 7866 opiiferably 'atnlmmgl obulin
ibraries (Olandj, et al, 1989, PNAS 86: 3833- 3837, Wnter et al_., 1991,
Nat ure 349:293- §8% ake Blée]fg@%@éﬁéée@l% @gdgﬁ”%‘?ﬁéﬂtthﬁoﬁﬂ%ﬂc?ﬁg @esent

i nvention. A ragggpyeeybi natory inmmunoglobulin l'ibrary (Burton, 1991, PNAS,

88:11120-11123) nmay be used to generate an antibody with a rel ated
speci fioty having a different idiotypic conposition. 10Another strategy for

anti body pr.o t] [ S j i St ([Welp t:he,: oC Vi
popul at i on.rn g’%?tdr@r% rréorr Bfqurﬁ%?b%rhw?'ﬁaégdnglrt\@és a?@'gﬁpgi 'Ei %‘gg‘g%l%"gﬁf ?agrrent S)
of the prepelypeplidensdtmpnrisingn be prepared by protease digestion of an

anti body, e.g.,15 by pepsin.. Reducing the djsulfide bondi ng .qf suc
Fa19%) 3 agiidle S AiRDs Bcid SRGuRAte | PRGASE BV (& A oRodnpr BREn, ¢ he
Fab fragment nay bgesb s€lekley bthardeslisf rom an Fab expression library (Huse
et al., 1989, Science 254:1275-1281). _
15 (b) a fragment of the sequence of (a) having a length of at
least 70%, at least 80%, at least 90%, at least 95%, at least 98%,
at least 99% of the sequence of (a), or/and
(c) an amino acid sequence which is at least 70%, preferably
at least 80%, more preferably at least 90% identical to the

20 sequence of (a) or/and (b).

The antibody of the present invention may be a monoclonal or polyclonai
antibody, a chimeric antibody, a chimeric single chain antibody, a Fab
fragment or a fragment produced by a Fab expression library.
25
Techniques of preparing antibodies of the present invention are known by a
skilled person. Monoclonal antibodies may be prepared by the human B-cell
hybridoma technique or by the EBV-hybridoma technique (Kdéhler et al.,
1975, Nature 256:495-497, Kozbor et al., 1985, J. Immunol. Methods 81,31-
30 42, Cote et al., PNAS, 80:2026-2030, Cole et al., 1984, Mol. Cell Biol.
62:109-120). Chimeric antibodies (mouse/human) may be prepared by
carrying out the methods of Morrison et al. (1984, PNAS, 81:6851-6855),
Neuberger et al. (1984, 312:604-608) and Takeda et al. (1985, Nature



20Pol ycl onal anti bodi es of the present invention may be prepared enpl oying
an am no aci d sequence encoded by a nucleic acid or/and gene selected from
Tabl e 1A WOabl29B4 Table 4 and Table 5 or i mrunogeni c Pra@renwseisder eof as
antigen by standard i nmuni zation protocols of a host, e.g. a horse, a goat,
a rabbit, a human, etc., which standard inmunizati on 25protocols are known
by a person skilled in the art. The anjd body may be an anti body specific

for a gene product of a target gene, in particular an antibody specific for

a pol ypeptige. t el.n _encoded by. a . target gene. 30 aners and
2o egat mor 8 1B 4Y oD RS anlioBie, Wy B0 dredareih binatniips
spi egel ner gnewA bersmh diifedsipaéfarical |y binding a target nolecule. WO
2011/ 029914PCT/ EP2010/ 063333 21 The nucleic acid or the present invention

may be selected from (a) aptaners, (b) DNA nol ecul es encodi ng an aptaner,

and (c) spi : L Liedys ; S t asent
vent 1 on. FessERtant INMCIORURFIREES IORBRYFF B ATBST PN/AS st o0
mol eculbe. ABBanWfister &t dhe 1984 nNaftired34 91203480 anay el seraehed do aitain

libraries (e.d.. ri,sing >101' different .nucleic acid.sequences). by

bi ndi ng ¢ o DirETPRAGEY 175 BEP<ER? fuetiah chphednr S ol iR i on o
the nucl ei ibreey (Baron.en@®!, ANAS, 88:1sld26c111013) phay edwised iy gbseraepant ed one
or nore tines In order hg inpro¥e the specjficity. The person skilled in
the art kn8REDQQY WibEIelAied SRSCH It NPriRg aditiRrerhidiplyBiomRRsition.cal | v

bi ndi ng a predeterm ned nol ecul e. The aptanmer may have a length of a
nucl ei ¢ acid as descri bed herein. The aptaner may have a |l ength of up to
300, up toApotherugirategydor astibagdy trrogoctian isidhednides . stimdatign afetheray have

a length o ‘ | east 15, or at |east 20 nucl eotides. The
lyrBndsiR hes ey

aptanmer m a DNA nol ecul e. The aptanmer may conprise at | east
one nucl eoti de anal ogue or/and at | east one nucl eotide derivatives, as

d i bed in. 20The_skilled k ' I . In.th t
i nvent i on, FHTERNRGe! ABIOOMAyTaRNENy dpeieinRg o Ekae E29IMBMR Bb et ar get
mol ecul e.  phesap@irh@ntidl idahask bfép}Ea'ﬁ@d E?;prgfé%‘é’_é digedtidbl &F dFehREsisdy, @/g.

production of a spiegel ner specifical i ndi ng  a predeterm ned nol ecul e.

The spisegebiarepsithpiredicingithe disuififlesbenging|af ssichfflal)nfjagmedits gesulisi ch ar e

I 2 i f t j j tides.
Vor e pr of e ey i RAbmRLE I eBitter porbRF e Boh EATRENCADY b Mol ror -y
have a | engbtaindd dromclaei €ahciedpeessies dibrdmyd (Hesei et alhe1%88,eSelanee may

have a | en ) u 300, up to 200, up to 100, or up to 50 nucl eoti des.
The spiegegﬁgﬂaﬁéyﬁﬁgﬁe a length of at |east 10, at |east 15, or at |east

20
20 Polyclonal antibodies of the present invention may be prepared employing
an amino acid sequence encoded by a nucleic acid or/and gene selected
from Table 1A, Table 1B, Table 4 and Table 5 or immunogenic fragments
thereof as antigen by standard immunization protocols of a host, e.g. a
horse, a goat, a rabbit, a human, etc., which standard immunization

25 protocols are known by a person skilled in the art.

The antibody may be an antibody specific for a gene product of a target
gene, in particular an antibody specific for a polypeptide or protein encoded
by a target gene.

30
Aptamers and spiegelmers share binding properties with antibodies.
Aptamers and spiegelmers are designed for specifically binding a target

molecule.



30nucl eoti des. The spiegel mer may conprise at |east one nucl eoti de anal ogue
or/and at | east one nucl eotide derivatives, as described herein. 22
"decoy" owO2da0ny9inucl ei c acid" nmay be a nucleic acid capahipPe010/063333
specifically binding a nucleic acid binding protein, such as a DNA bindi ng
protein. The decoy nucleic acid may be a DNA nol ecul e, preferably a double
stranded DNA nol ecul e. The decoy nucl gjc acid conprises a sequence ternmed 5
"recognition sequence" which can be recogni zed by a nucleic acid binding
protein. The recognition sequence preferably has a length of at |east 3, at
| east 5, or at |east 10 nucl eotides. The recognition sequence preferably
has a | engThe @lcleic 461d b7 the! Présent thveditioH PndPbé BelticteE AbhOIRS apkxRBR] es of

nucl ei ¢ acid binding proteins are transcription factors, mhlch preferably
bi nd doubl &) RNAMmelaeeles BReodimaLAREMer; aRd (elsRiegelBrera: cel |, an
enbryonated egg, or/and a non-human animal, as descri bed hereln, with a
decoy nucleic acid may result in reduction of the activity of the nucleic
aci d bbndi fige rskdledi person\imosts aptantsoin thec peasenadiventiondan “aptandec oy

| ei id d bed [ I I
ol ecul co. BEYaRR O MRHCRELIT ARLOHEdB, 1oRL AT Te R 8 BT EoRny nave

a |l ength oideHffiéd @OQonﬂﬂhét@n&D%ud@ctQc@oﬂbral#iéstQe@o coffpiising0>10% up to
30 nucl eotides. The decoy, nucleic nay have a |l ength of at |east 3, at |east

5. at | eastiemsntanUplsics @eids, se&uea@eqs)eawt b cpoths deunobilizedidaegetnucl ei c
aci d may bgg ?‘ér?ﬂ’c?%%dbé’u@s gﬁ tﬁ@“rﬁb&lé?é’cic?d %egﬁéﬁ’cémb”hlgo”p” se

at | east one nucl eoti de anal ogue | east one nucl eoti d
deri vabi veseleatmmpmedueejrnaa/riee mepeateRMeomr/ mote ine"Anastiectd rmms)velescrl bed

el oot 1 atbes RPN TAS e SR e BrE RBRBE - Suiidils REHeREL R
modi ficati pmdumrghenbaﬁbhwn%pe@iﬂdaﬁ@&imdmg 2predéesminedt mokesitle OMpebase,
the 3" end or/and the 5' nucl e| c acjid. Backbo Qe nodi f | atl ons

i ncl ude ph%%tﬁﬁlﬁromyoﬁ?éelq KRG8 ?E@s?“c 6@p?P'ﬂ’eaﬁ gsarioe ch%@"{ P _
nor phol i ”Oa;IB‘t'éFAé?-' rﬁa MI?HWVL@%I 9606 cup tdked, EPE"‘}@ 5@ cont ai n
ose no cked nuclelc acl ds

backbone nitrogen. fications |nc ude Lo (LNA)
e.g. wbeth nmlawctese Ttha apfamesimanfave@ lgngtbmfg@tdeast 0, atileasicl miartatt he 4

(2- 0- Rivas) FHE Y hcieilis e Bliifpedal bbbty o i FroBbdit, TR

nodi fi ed baptemmymby: cbmrfnseoatdpast onalnhoeleotide landldgueami/am*sat lecistidre

5' - TAMRA- hex -Pho hate, 5'-Am no, 5 -Amno-C6 |inker, 23

5' -Biotin, ‘S‘y ﬁ‘iﬁ)é%@\‘,"‘glvﬁ?’ g8 ¢ gﬁ?rﬂ%h@}eﬂ‘ fl uorescein, 5 -Pyrene, 5 -Thiol,
5'- Am no, (12 Carbon) |inker, 5'-Dabcyl, 5'-Chol esterol 5'-DY547 (Cy3TM
alternate). 3' end nodifications include 3'-inverted deoxyt hym di ne, 3'-
pur omgei n, TQe gkiledx peEsan dknws 3spiggeimeser B  the' piasens evantioss @6 at on),

3 - “spiegelmer” may be a nucleic acid that can bind to a target molecule. The
person skilled in the art knows suitable methods for production of a
spiegelmer specifically binding a predetermined molecule. The spiegelmer
comprises nucleotides capable of forming bindings which are nuclease

25 resistant. Preferably the spiegelmer comprises L nucleotides. More
preferably, the spiegelmer is an L-oligonucleotide. The spiegelmer may have
a length of a nucleic acid as described herein. The spiegelmer may have a
length of up to 300, up to 200, up to 100, or up to 50 nucleotides. The
spiegelmer may have a length of at least 10, at least 15, or at least 20
30 nucleotides. The spiegelmer may comprise at least one nucleotide analogue

or/and at least one nucleotide derivatives, as described herein.

The skilled person knows decoy nucleic acids. In the present invention, a



5DY547 (Cy3TM alternate). In particular, nucleotide anal ogues as descri bed
herein are suitable building blocks in si RNA, antisense RNA and aptaners.
10As usedwbenrin299tdnucl ei ¢ aci d anal ogue" refers to nuclPerEPaciomde3333
conprising at |east one nucl eoti de anal ogue as described herein. Further, a
nucl eic acid nol ecul e as descri bed herein may conprise at |east one

deoxyri bonucl eoti de and at | east one r%'zbonucl eoti de. 15An RNA nol ecul e of
the present invention may conprise at | east one deoxyri bonucl eoti de or/and
at least ope nugcleptide anal.ogue,, A DNA nol ecul e .qf th resent. i nvention
Ty compr | SERY” PERICOYILT B A1 BEY PAeA BUPBiocin GFRAB OhebaHest | de
anal ogue. BiabRg ¥ atUcksis adfd BReiaid prsteMerstich dch MNAtIngingnproddihy THedi fied
conmpounds. Derivatives of nucleic_acid nolecul es as described herein refers

to nucl ei cd@RININHBIBECBFIEsTANiReh 2P BAc Mg e | Rrefeably 8 douklenséiandedt i on may
be introdug Lrﬁ%%chl'%.e 'cféc‘rir)ﬁ/f‘ﬁhglg'i’@la%' 'c%m;?r#e%”% ! ngeﬁe |{8AREq ONe

nucl ei ¢ acrd I'ng bl ock e oyed 1 n the prioduction e nucleic acid.
25 I n the freesgnition sequencai whicht eanmbef rexggeized byefienscleio dciddnimding of

| ei i ds.. i d d ins. " " al f i al
Cequences BRI oEc pbATEn R BER HiBtranl B Rdeae® S0af BlR StF 12
pol ypept i deaspb/ andt et Hdatuchksotiiee! Tyiedetdgritien Regeénde braferdblphasi n

parti cul ar fragtments of an am nQ acid sequence encoded by a nucleic acid
or/and gen@ largtb Qfdip 1o dm HRP £01 A Upale €0 DHCleplides kxamalesof nugigie 5 may

have a 'e“Séig tﬁﬁdiﬁg e@%ﬁ@ﬁ@%ﬂ%ﬁ@;& fa%%érg,uﬁmicrﬁ réf@raa%iybéﬂlgotgéu@é | east

20 am no acid resi engt sald Tragnents my am no acid
resi dues astrandechBRiAmnojeclss. dransfeatidoniof a seluars eatbrydratae egguer/asd ani no

acid resi dger‘?onqﬁuﬁgﬂ %ﬁ‘iarlr,ugé a%rscﬁgegrner?gin?%ﬁl\ grggéo?/uﬁﬁclgltc (r:]IS rg%' um
result in reduction of the activity of the nucleic acid binding protein to which
the decoy nucleic acid binds. The decoy nucleic acid as described herein
may have a length of nucleic acid molecules as described herein. The decoy
15 nucleic acid molecule may have a length of up to 300, up to 200, up to 100,
up to 50, up to 40, or up to 30 nucleotides. The decoy nucleic may have a
length of at least 3, at least 5, at least 10, at least 15, or at least 20
nucleotides. The decoy nucleic acid may be encoded by a DNA molecule.
The decoy nucleic acid may comprise at least one nucleotide analogue

20 or/and at least one nucleotide derivatives, as described herein.

An RNA or/and a DNA molecule as described herein may comprise at least
one nucleotide analogue. As used herein, “nucleotide analogue” may refer to
building blocks suitable for a modification in the backbone, at least one
25 ribose, at least one base, the 3' end or/and the 5' end in the nucleic acid.
Backbone modifications include phosphorothioate linkage (PTs); peptide
nucleic acids (PNAs); morpholino nucleic acids; phosphoroamidate-linked
DNAs (PAs), which contain backbone nitrogen. Ribose modifications include
Locked nucleic acids (LNA) e.g. with methylene bridge joining the 2' oxygen
30 of ribose with the 4' carbon; 2’-deoxy-2’-fluorouridine; 2’-fluoro (2’-F); 2’-O-
alkyl-RNAs (2-O-RNAs), e.g. 2’-O-methyl (2'-O-Me), 2’-O-methoxyethyl (2'-
O-MOE). A modified base may be 2’-fluoropyrimidine. 5’ modifications
include 5-TAMRA-hexyl linker, 5'-Phosphate, 5'-Amino, 5’-Amino-C6 linker,



A fragnent of an am no acid sequence as described herein may have a |length
of at least 70% at |east 80% at |east 90% at |east 95% at |east 98% at
| east 99%wof2otie9sequence. 10 A fragnment of a nucl eoti deCTEFaENOE333S

descri bed herein may have a length of at |east 70% at |east 80% at | east
90% at least 95% at |least 98% at |east 99% of the sequence. 15A fragnent
of a nucleic acid nolecule given in Taples 1A 1B, 4 and 5 nmay have a

| ength of up to 1000, up to 2000, or up to 3000 nucl eotides. A nucl ei c acid

apt amer, OLRRE oISt ar iR 5 B R 58 TGS P Bl b HOPEN®, BATHIAM Bi-c-aci d

fragment mhu%sqmam%r@oﬁ emngkér, 05'-DAbé, @fbhdléstbﬁblz@ DY oGy@dw or 20up
to 50 nucl eotides. A nucleic acid fragnen may al so have a | engt’h _of at

| east 3, aﬁ|t¢f@§§€t) 53 &nd @aedifigagionst indude J'5nveitedit de@adhymigingicBeot i des.
In the met Sl éﬁ){%{{‘?g d?&&&gﬂéytlo‘“’eer&"cﬂ?les'i@l%P'?Ea‘nﬂﬁ Oqlf?%rp{geéféhﬂ of a gene

may be do regul ati drticu nscri’p |on

or / ands25t Dadli7gOy8i alternad). easi | y be det erm ned by a skilled person if a
gene is upregul ated or downregulated. In the context of the present

i nvention, upregulation (activation) of gene expression may be an

upr egul at i pnpiticaldragtiieotde éhalo%@é& ad0describedf aral dreasuite2as buflding
Downr egul ation (i nhi bi ti on) in_the context of the present invention may be

a reduct i oRlogks geaRNApIdissnem RNA. ncepiamess. at | east 2, preferably at
| east 4. Most preferred is essentially conplete inhibition of gene
expression, e.g. by RNA interference. 25 Mdulation of the activity of a

gene ngy basqredaRsERM) “MlicltiRHceRahabgab” Fterai) hidlbik: amdé”'BdJrlehSlﬁp Af the
activity" may be a decrease of activity of a gene or gene product by a

factor of &tast eastnuclelider apalboyeas desgibed heraimi burthern ébﬂutﬂﬁ@ geidct i vity"
i nc! udes Ry é\:%)dlé‘l I &sCO@BEEﬁt?e nhh% d onm%& a%blrﬁl a%\ct 'Ié@stt' ogpgf t he

activity" € an i ncrease Vit a ge e or gene product by a
factor of 690)kwdmnu2l,eopdefa@|daaillqa&ttorieemtxjnutleotnde

15 An RNA molecule of the present invention may comprise at least one
deoxyribonucleotide or/and at least one nucleotide analogue. A DNA
molecule of the present invention may comprise at least one ribonucleotide

or/and at least one nucleotide analogue.

20 Derivatives as described herein refers to chemically modified compounds.
Derivatives of nucleic acid molecules as described herein refers to nucleic
acid molecules which are chemically modified. A modification may be
introduced into the nucleic acid molecule, or/and into at least one nucleic
acid building block employed in the production of the nucleic acid.

25
In the present invention the term “fragment” refers to fragments of nucleic

acids, polypeptides and proteins. “Fragment” also refers to partial sequences
of nucleic acids, polypeptides and proteins.

30 Fragments of polypeptides or/and peptides as employed in the present
invention, in particular fragments of an amino acid sequence encoded by a

nucleic acid or/and gene selected from Table 1A, Table 1B, Table 4 and



In the present invention, specific enbodi ments of the nethods, cells, 10
organi sns, and pharnmaceutical conpositions described herein refer to any

i ndi vi duavogeneé29nucl ei ¢ aci d sequence or/and gene prodRCT/Eresl00633831 i n t he
present application. In a specific enbodinent, an individual gene is
selected fromthe genes described in Tables 1, 4, and 5. O her specific
enbodi nents refer to individual genes&gpscribed in Tables 1, 4, and 5. In
anot her specific 15 enbodi ment, an individual gene product is selected from

t he gene prodict s duce by.th enes_descri bed in, Tabl 1 and 5.

o her S oo o TaPIE"S tndl Rt e Rt 0o 08RRCS ARARD Ahim resiude® ety . o oduced
by the gengs|eirs Q0 &athd BciliafisRiues: The [BAGtHDof éé\dYﬁBégrﬂ@ﬁishmay%QOOl c
enbodi ment, an individual nucleic acid sequence or nucleic acid nolecule is

sel ected fABWM@RAhJesiduesi at e dnasinuen| ed0oamine| a5id eesidieseghidhges
described . mnESGO1 Aﬁmo a@fi‘]drésrd@@ee{t ﬁr%eﬁé){lﬁuﬁVbBP'm%HﬁnBeéa to the
i ndi vi dual nuc eré aci d nol ecul es or nucl eic acli d séquences escrr ed in
Tabl ess1, Bsidyesaatdhd.m&inmumer specific enbodi nent refer to any conbi nation
of genes, gene products and nucleic acid nol ecul es described in the Tables
1, 2, 3, 4, and 25 5. Conbinations nmay conprise 2, 3, 4, 5, 6 ,7, 8, 9, 10

or even TTDAefrdgifnﬁaﬂt QﬁtarﬁléﬁﬂhQSacﬂ%qaeﬁcéﬁsedésérﬁbéipﬁ@rém%éyﬂmv@abl ons of
nucl eic acid nol ecul es. t he present

of
i nvention teagly ot at '§€ﬁh@rée§t |§63H$Q°éb 6%@@31 ﬂo%aBF @agt 9% @t f9ast 8RBodi nent s
of the preggRbsi SRS Egﬁ@ﬁm$° any individual gene, nucleic acid
nol ecul e or/a 3 gene prog t described in Table 5. In a specific
enbodiwent, an individual gene is selected fromthe genes descrlbed in

e T o

product i sofat kedsed0P4,cam lehst 86%s atrieaktcdBEopad thist ®3%, éthl@agese%,cmscri bed
in Table 5 ngég %pﬁcific enbodi ments refer to the individual gene
product s pk@éh ¢ HNe$eAYERER described in Table 5. In yet 5 anot her

speci fic enbodi nent, an individual nucleic acid nolecule or nucleic acid
sequence i s selected fromthe nucleic acid nolecules or nucleic acid

sequences Aefsagmpatiof a m:@!ﬂI@ asid mlﬁ;quksge@nf incTabies dArdiR. < aed & may t he
o} ui Qual nae babfigfdrdd ) A5 U AagUE LF L BdbofueRtRR. deagueRed |0
| Ion O

Table 5. Fu ecrfr nts refer ' to an genes, 10
gene produatid feagmentahay d:ra&e mdenglhemfrﬂresers moldmadel an tiRNRaimotcute,
Conbi nati ons even,nore different

' 3, 4 , 6, ,7, 8, 9 0
Speci oo, SPRANHRCEB ARSIt opTand %868k ATseitesh PPRIEr ATGITRE A
gene, the é&d%rﬁ@hb’rﬂ@gdlﬁﬁhaﬁé\@ lbh?ﬂf@ﬂtlé té '3@0695 torﬂﬂﬁt fﬂ@rtosm'mléri c
enbodi nents refer to m and precursors

theredP, aHB IONQ REflestides %rw&lsarmgcm ﬁRan!S?nt ma&- ql&@*havm @Jézramib of@tR- 200c*
or/and pre §9r§t|EQ§’F§°% Iea J f|e%%ih9”of@tﬁe9ﬁezft§ﬁﬂaé§%’e§y a single

nucl ei c acr speci es or |nat|on of nuc acl conprising 2, 3
4, 5, 6 or even nore drfferent nucl ei ¢ aci d species, which may be selected

from Tabl e 4 or/la nd fr n t her eof ferred
Comb! nact ol e el of theipseADfVEnESY, hEASHER Snd 8%hERSIar GCh BERE - )
Tabl e 3 i nglaydes dmn‘ibeglﬂtatl@rﬁl%r(ﬁpra?ulbﬁﬁﬁt|n2§ar&1w1akldﬂams@l‘lbﬁdw okfandse
bi ndi ng pol ypepti de genes. It is also preferred that the conbi nation

modi f %8s t KBNYRHPRssi on of a single gene, for instance sel ected from Tabl e
la, 1 b, 4 and 5. A conbination of two nucleic acid species is preferred.

More preferred is a conbination of two nucleic acids selected from Table 2.
Even nore pregreeasily be detemmibedaiy arskdied: persandf ai gersniscupregsdatedtard fr om

the speci f G, GRIRIARY RS HLSCHRRSE bf 8P Fedent ifieHtiBn, upregulation

(activation) of gene expression may be an upregulation by a factor of at least
30 2, preferably at least 4. Downregulation (inhibition) in the context of the
present invention may be a reduction of gene expression by a factor of at
least 2, preferably at least 4. Most preferred is essentially complete inhibition

of gene expression, e.g. by RNA interference.



the two nucleic acids nodify the expression of a single gene. 27 RNA
Interference. The nucleic acid or the conbination of nucleic acid species
may be arweizRNARZIYI ch rmay conprise a sequence sel ect ed PCT@PRT0O6IBEZUENCES
of Table 2, Table 4 and Table 5 and fragnments thereof. It is preferred that
t he conbi nati on knocks down a single gene, for instance 5 selected from
Table I'b and Table 4. A conbination ofogwo si RNA species is preferred,

whi ch nmay be selected fromthose sequences of Table 2, which are derived
fromgenes of Table 1 b, and the sequences of Table 4 and Table 5, wherein
t he conbi nation preferably knocks down a single gene. 10 "Activation of a

gene or/ anfdRigidt ettt actvit dfr&gbhélrﬁ@){ ot dedieasing'dranéteasing & pauct " by
reconbi nant technol ogy, WhIC may be oyed in step g 2 of the present
A Y

i nvent i on, aghyity. r‘iE‘thj raﬁf/ﬂsqja@%%m@t od @weﬁée%@c @fe%igﬁﬁethe art
knows. 15P %BS s&ge%aﬁg% &l je4 gi gogré?éra%ugsma%u' ﬂhﬁ.p%fn & #hand the

gene produ ereo se ecte ntT oduci n east one further
copy ofs t hac’gﬂtyé inclubdes asswtmllgcbommetet indnitmtdr obnabtmty dAgtaratiom ofetheher

per manent | r. L,ransient| I nc in he transcri

Doover - expPElUe ey RGeSV ERg frass G ST Brethist Bumefactorg. o cw
pronoter, of at le@dti2] p}@f@(as)w étabég z,enhancer i nhi bition of

trancri pt| onal |y active m croRNA, wherein the microRNA inhibits the

activity of the gene to be activated, wherein inhibition my be 25perforned

by a_sui taly qpgu @geqmtamvénﬂak,%gbagc oABloBirheRtsO bt el Ainbladioae i t .

| mprovenent o processi ng including exportatlon e nucleus, e.qg.
by 3 ternm peganismat aodphianmapestical rcompositarisodescribeguhenein yefer dormmys, e. g.

o P, il At SlNge s a9 B PRl B s oy
present application. In a specific embodiment, an individual gene is selected
from the genes described in Tables 1, 4, and 5. Other specific embodiments
refer to individual genes described in Tables 1, 4, and 5. In another specific

15 embodiment, an individual gene product is selected from the gene products
produced by the genes described in Tables 1, 4, and 5. Other specific
embodiments refer to the individual gene products produced by the genes
described in Tables 1, 4, and 5. In yet another specific embodiment, an
individual nucleic acid sequence or nucleic acid molecule is selected from

20 the nucleic acid molecules or nucleic acid sequences described in Tables 1,
2, 4 and 5. Other specific embodiments refer to the individual nucleic acid
molecules or nucleic acid sequences described in Tables 1, 2, 4, and 5.
Further specific embodiment refer to any combination of genes, gene
products and nucleic acid molecules described in the Tables 1, 2, 3, 4, and

25 5. Combinations may comprise 2, 3, 4, 5, 6 ,7, 8, 9, 10 or even more
different species. Table 3 refers to specific combinations of nucleic acid
molecules.

Further specific embodiments of the present invention refer to sequences
30 disclosed in Table 5. Specific embodiments of the present invention refer to
any individual gene, nucleic acid molecule or/and gene product described in
Table 5. In a specific embodiment, an individual gene is selected from the
genes described in Table 5. Other specific embodiments refer to the



enpl oying an intron which can be spliced, inprovenent of translation by
| mprovenent of ribosonmal binding and optim sation of the codi ng sequence
or/and t WwO2011WEM14e. g. by deletion 28 of cryptic spli ®CHEPIINBE3333
optim sation of GC content, deletion of killer notives and repeats,
optim sation of the structure. Preferred nmethods of inhibition of a
gene of interest or/and the gene prod 5t hereof may be selected from
del eting at | east one further copy of the gene to be inhibited in the cel

/ and i wherein th i s, del et ed | et el artially. F
Tnstance, IHbdA FeReS JesalthedntaTaBle) Snli AReMEDGPRGTCRIRALEEy BNdel ot ed,
conpl et el yirgiividadltderd Prodlet isdaseerai fishtthe dehensrotiubls Maduceelbgttheg an

enhancer, if present, introduction or/and activatiogon of a trancriptionally
active m cEORe® degesibernin Hable ¢boMher nsnasifics ameodiments trefest ta Hhegene t o

be inhibited. rel | Mt L [ b end eous
m cr oRNA 1@9(%% é]q% en?g¥@a¢1rgalun rggﬁg?@gﬁ%%ad)é%%ggg%ﬁ ggﬁ'@t?’o’ﬁ of an
exogeneous anvibhieo RNAcifio| ercibdimenit,nam aublicidongl wdcleic adidifolecuidiorgnusileie,

reduci ng RNA processing includi exportation.fromthe nucleus, by .deletion
o 1 and odPRECSLEES SSoTebi TN 8, Pb At g HECtes Y pRRGEARE | onal
regul at or y seqesmielsSd@scribedt if TabR! 5Y OtRér 8geciiid@ribodiened réfef o the
constitutive transport elenments, if present, or by altering the intronexon

struct ur e, IRkl Rucleicangifamolseulss RbdIYdiRiaracih SauenBes sirgcriBedding and
the codi ”thégl‘sé“S.”?ﬁrtﬂéf 3pecifib emboditnts rffer ¥ A} EOMBIHBNOGF GoNeN,!

splicing si ,
10 gene products and nucleic acid molecules described in the Tables 5,
Combinations may comprise 2, 3, 4, 5, 6 ,7, 8, 9, 10 or even more different

species.

Specific embodiments of the present invention refer to the MxA gene, the
15 MxA polypeptide, and fragments thereof. Further specific embodiments refer
to miR-141, miR-141*, miR-200c, miR-200c*, and precursors thereof, and
DNA molecules encoding miR-141, miR-141*, miR-200c, miR-200c* or/and

precursors thereof.

20 Modification may be performed by a single nucleic acid species or by a
combination of nucleic acids comprising 2, 3 4, 5, 6 or even more different
nucleic acid species, which may be selected from Tables 1a, 1b, 2, 4 or/and
5 and fragments thereof. Preferred combinations are described in Table 3
(also referred herein as “pools”). Table 3 includes combinations of at least

25 two kinase or/and kinase binding polypeptide genes. It is also preferred that
the combination modifies the expression of a single gene, for instance
selected from Table 1a, 1b, 4 and 5. A combination of two nucleic acid
species is preferred. More preferred is a combination of two nucleic acids
selected from Table 2. Even more preferred is a combination of two nucleic

30 acids selected from the specific combinations disclosed in Table 2, wherein

the two nucleic acids modify the expression of a single gene.

Modification, in particular modulation, may be a knock-down performed by



25altering the GC content, introducing of killer notives and repeats. The
gene enployed in the various enbodi nents of the present invention may be
sel ect ed woamiwznyief the Tables 1A, 1B, 2, 4 and 5, or &OY/EPeom0ionzsts on
thereof. 30 Contacting the cell or/and the organi smaccording to step (b)
with an influenza virus is known. In the case the non-human organismis an
enbryonated egg, the skilled person kqﬂms sui tabl e net hods of inocul ating
29 the egg with an influenza virus, for instance at a defined interval
after fertilization. Known inocul ati on techni ques may al so be applied for

adni ni st r aRNgh iBtertergnemdlin@t Buclels arld SrbiNgoRaAMGINAlien 6f /nureie orcid

reconmbi nan L T ' e | on knows
nmet hods ac%%r ?%éh%%?%hpgh@ﬂb%ﬁ{ @gg?ﬁ%ﬁﬁg %eq-qé?nctérk#eéléeﬁggggfn@t ed egg

or/ and t hetheosequennesofgtable d, dredde 4candiiTabtend and bagmentshihereqsl itdat i on of

the influepzag virnus. itable cell cultur t.haods ,nay_ be plLied. In the

case the nBretAiREnTat ik GinFioafn SHgelS Gl 4 S e gcte s, SRE R BHEe per son

knows sui t ableetateirb®dbablenid and Mableng URadonainatiore bewad sIRNAgpetiekUse, to

allow influenza virus replication. |solating the ian;JF%_n_ﬁ%’lvirus or/and the
i

conponent sPrgigreds WA@Y e S6lesies, rog) th‘@ﬁe?%q‘{%‘cﬁﬁ ﬁt%vd’ﬁh'ﬁh_ocedur e
for vi ruseéré”d/e?i(}édqftﬁfﬁg prsng HeRO™ bl%ﬂﬂ‘%_sglﬁvénéb%f 2P Tabld 14 gHgi n the

art. "lsolation" 1nc oduct1on of essenti y pure or crude

pr epar at i ongbler S fwinengirathecgtambinhatior prefetably kneeks dawip arsingle gener eof .
Conponents of the virus include viral proteins, polypeptids, and nucleic
aci ds encoding viral proteins or/and pol ypeptides. The |ife virus may al so
be i sobat etActR@tidheofpeigene okand e@nenprodectirér Knisibkionedthadsers opaagar at i on

of the pharmaceutical ,conposition according to, ste e), tionall
Coget her  wBPRS BB kY SEEP O AR C a8y, SvbEP ey DosmnAec Mt lent
or/and addid) ¥ethel pPedtliFRsfidh tRay GRIDES idnyosuiRibksl WeeH ol YthehsergBhhod  of

t he present
skilled in the art knows.

15 Preferred methods of activation of a gene of interest or/and the gene product
thereof may be selected from
- introducing at least one further copy of the gene to be activated into the
cell or/and organism, either permanently or transiently,
- increasing the transcription,
20 - over-expression, ,
- introducing a strong promoter into the gene, e.g. a CMV promoter,
- introducing a suitable enhancer,
- inhibition of trancriptionally active microRNA, wherein the microRNA
inhibits the activity of the gene to be activated, wherein inhibition may be
25 performed by a suitable nucleic acid molecule,
- deletion of a miRNA binding site,
- improvement of RNA processing including exportation from the nucleus,
e.g. by 3' terminally introducing post-transcriptional regulatory elements,
e.g. from hepadna viruses, or by 3' terminally introducing of one or more
30 constitutive transport elements, e.g. from type D retroviruses, or/and by
employing an intron which can be spliced,
- improvement of translation by improvement of ribosomal binding and

optimisation of the coding sequence or/and the 3' UTR, e.g. by deletion



25 invention nmay be an i mmunogeni ¢ conposition. The pharnmaceuti cal
conposition produced by the nmethod of the present invention may al so be a
vacci ne. wetooanabier subject of the present invention i 2C¥/Erh@vazsatt i cal
conposition 30 conprising an inhibitor of the expression or/and gene
product activity of the MKA gene, optionally together with a

phar maceutical ly acceptable carrier, j uvant, diluent or/and additive. The
pharmaceutical conposition preferably conprises at | east one inhibitor
selected fromm R- 141, m R 141*, m R 2 %9 m R- 200c* recyrsors and

derivatives t¥ef¥BHC Qﬂﬁ'ﬂ”@néf‘ﬁﬁ PBfgg{Sﬁgpn\,@ft cécﬁﬁ‘é‘?%éj&ﬁto@ap Jillekcept abl e
carrier, adjUyafies shd Fstlat® s RGH bf th@-strldgurenhi bi tor may al so be

sel ect ed fromanti sense nucleic acids, siRNAs, shRNAs, and snmll nol ecul es.
5 Yet another subject of the present invention is a phar maceut i cal

SO oty eI AeRBas b AHbIRRR Leerid B EXRRED R AR Rl BRe BAGLR Ot
piiebet gﬁmeoﬁ'gfagémwmu f"??'sggnéto”eagf o b Lo Ega;gla gegﬁ'ca'
SOt nost TRETeig B fert crenrhan koK Al dha e i AP HohlaRed i fh

i R 200, iy cier an@m WHERH % Gohdes e@p‘ete@eémgraéng,yortwﬁémﬁrF oM th a

pharmaceutical ly acceptabl e carrier; adjuvant, diluent or/and additive.
15The i nhi bi tiostapapabie regulamwmaque@ceaeorémd \the ycasingarsegurRNEeS @lrect ed

fromm R-141, eqé dlé%mpléﬁlgtﬁ??%%al R 200c*, and precursors thereof is

preferably s plegelners and decoy nucl ei c acids.

Apt aneps bei r’cgaqneaﬁhng tiegltrangériptioar s i n the pharmaceutical conposition are
capabl e of inhibjitin tBe act | Vi t of MR 141, m R 141*, m R-200c or/and 20
m R-200c* eﬂ?%?g@f‘ apeRly Kfire %Hl egel mers being preferred inhibitors in

the phar mce%irééuct%”ﬂﬂ/%n"d‘ Qetidatort agra k) “:’ra‘hﬁ:nbf'@rﬁéﬂyt igRgvé NicGeRNA Ly of
mR141, mR1 , M R-200c or/and m R-200c* precursors thereof. Decoy

nucleic acid \mr@wm@ nperaiNArighibits dbei amwﬁvtqfrtbeu gemnedo mmmha@m. cal

25 Trvol ved rieur arlyaBH ARSCHS 3" kffion i MBobhBNaE BBl G '
m R2006* and qudimy sequendeh enddftrodittiopiraayrbedntrodudtionasfzrsexogeneasis

descri bed herej %l%ﬁlthe(elcg oduced by the nethod of the present invention,
or the composd eng an activator 30 of the expression or/and gene

product acti Whier@émél@?aM?ﬁiMB)ndlﬁg gitef erably for use in human or
veterinary medi ci ne. _The pharnmaceuti cal conposition is tgreferably for use

for the prevdgddeing BlNPe\nrgeesﬁmg)rm@lhdmgr expersationofroam thaf Nuelaus, Byr us
I nfection. 3ciele’uon or/and modification of 3' terminally introducing post-

20 transcriptional regulatory elements or 3' terminally introducing of one or
more constitutive transport elements, if present, or by altering the intron-
exon structure,

- reducing translation by modification of ribosomal binding and the coding
sequence or/and the 3' UTR, e.g. by introducing of cryptic splicing sites,

25 altering the GC content, introducing of killer motives and repeats.

The gene employed in the various embodiments of the present invention
may be selected from any of the Tables 1A, 1B, 2, 4 and 5, or any
combination thereof.

30
Contacting the cell or/and the organism according to step (b) with an
influenza virus is known. In the case the non-human organism is an

embryonated egg, the skilled person knows suitable methods of inoculating



The carrier in the pharmaceutical conposition may conprise a delivery
system The person skilled in the art knows delivery systens suitable for

t he phar msioeativieadi4conposi ti on of the present inventi onPCTHP2@has3sazeuti cal
5 conposition nmay be delivered in the formof a naked nucleic acid, in
conbination with viral vectors, non viral vectors including |iposones,
nanoparticles or/and polyners. The ph ceutical conposition or/and the
nucleic acid nay be delivered by el ecttoporati on. 10Naked nucl ei c acids

i nclude RNA, nodified RNA_, DNA, nodified DNA RN&-&%%&h bri ds t amer
fusions, pHgsPog , af; pfluenzg dirus fondpsianes at a delingd (dervg) @ffeic| ude

POXVi rusesrerﬁﬁjz%”ﬁﬁﬁi KABWN AHEERARST OfdcRhRflcd! HEFS alsteSh U'aﬁ{)ljéd opgptitis
viruses, al phaviruses, neasles viruses, polioviruses, 15hepatitis B
vi ruses, readmiustratius, ofarfiel emdulatonsts . thei isbiryepatatc| egt: eamd efatucl ei ¢

anal ogue. pibitfipfinhdlicaldn pf e bfyonaareggs, cationte cardiolipin
| i pososes, | i posomnme- pol yc:at i on- DNA, cati oni ci nmunol i posones, 20

i mmunol i posones,. |jposonmes cont ai ni | i pophil.ic derjvatives of

chol ot ef o o1 Skilack BRERH ERRIVS T HDBHI3GSORING. (O EtERrieLe! GUTbaBB RS
sui tabl e fgg) |theRHEohaid®édPBr/ah8 the non-human oE)‘q_anism under conditions

1, 2-dil aurohll -sn-gl yCer o- 3- phosphoet hanol am ne (DLPE);

1, 2- di ol eogllowinggihecrepticatigines preoinfluesza rvéruw@p@blec%éill eytuse gnethodel ) ;
1, 2-di ol - S . . ' ' i;ncl ud
Cricn oot Be iegon 4R850 AR BT ShaarfShy NP B fhRlinc! ude

nanopamwt i clegg, niae cskilleeld persdreikaowsi suitzria i methods, ifRdugimgr mcubaliodeat

gg:o)cl)le;g%/lh; E@@gﬁe%gﬁ(@é@ggﬁléﬁg{ﬁ}f@éna?ﬁi,rékpt;ﬁ?"ﬁ’&ag%es, pol yneri c
nanospheres. 32
Isolating the influenza virus or/and the components thereof according to step
(d) refers to any isolation procedure for viruses or/and components thereof
15 known by a person skilled in the art. “Isolation” includes production of
essentially pure or crude preparations or formulations of the virus or/and
components thereof. Components of the virus include viral proteins,
polypeptids, and nucleic acids encoding viral proteins or/and polypeptides.
The life virus may also be isolated.
20
The person skilled in the art knows methods of preparation of the
pharmaceutical composition according to step (e), optionally together with a
pharmaceutically acceptable carrier, adjuvant, diluent or/and additive. The
pharmaceutical composition produced by the method of the present
25 invention may be an immunogenic composition. The pharmaceutical
composition produced by the method of the present invention may also be a

vaccine.

Yet another subject of the present invention is a pharmaceutical composition
30 comprising an inhibitor of the expression or/and gene product activity of the
MxA gene, optionally together with a pharmaceutically acceptable carrier,
adjuvant, diluent or/and additive. The pharmaceutical composition preferably
comprises at least one inhibitor selected from miR-141, miR-141*, miR-200c,



at el ocol | agen, carbon nanot ubes, cycl odextrin-contai ning pol ycati ons,
fusion proteins (e.g. protam ne-antibody conjugates). An activator of the
expr essi omoanfizmewigene product activity of the MKA genepPCH/ERRéiand3an

i nhi bitor capable of inhibiting the activity of an m RNA sel ected from
mR- 141, m R-141*, m R-200c, m R-200c*, and precursors thereof may be used
for the manufacture of a pharnaceutic conposition for prevention,
alleviation or/and treatnment of an influenza virus infection. Delivery

systens and delivery nethods as described herein may pe used. 10 Anot her
subj ect of nt'%@q&}cgs@ﬁ%cqrﬁ‘arén?narﬁ%rya;ﬂwesJE@r%ﬁ oRbaalby aster Wifea
expressi on pﬁ?(rﬁﬁkﬁel A Iugrcaﬁy FHc%QHféfblea%h;’érE Bgfdﬁl]‘vahh,?diM%tQﬁl?%doéélgiﬂdeﬁﬁfhénh' bi t or

of capable of Iting the activi an m RNA sel ected from m R- 141,
m R141*, nirRiploc may RIS®Oee | selectedr #om santisenher putleict @cidshesiRNASNt i on,

15al | evi at i r/ f an influenza virus infection. Delivery
systens anaﬁggﬁs\’/gﬁg Shiqq%gge%gge%descri bed herein may be used. Yet another
subj ects of the present invention is a nethod of prevention, alleviation
or/and treatnent of a infhenza virus inpfection, c '

, ) onprjsing 20 ..
adm ni st er YRGANBhET stBieshe {6 Fesant MYpRURN & 2 RBRANBRGRYtIcH FIMBRSIOR; ve

amount  of  BmRFikINGEAR BcBlatbPBf HEPERSE588n Y/ &N Brddfuef Hefivigtdf thet y of
the MKA gene or/and an inhibitor capable of inhibiting the activity of an
m RNA sel edbéd genemoptienallyl togetireri with| a mirrregeytieallR- 20mptablaneRrpescur sor s
thereof. | - | | LAL i of an
25 ni 1 uere SOYVRE PEL Bl SBLo SThe Bhefiadotita: ComplckbhaRp IR o
descrifed bemprisesay |dzst vaednhibitoryedpadrie bhimhitsting tet activity lof apreiRNA

' tion i nbi nant, cel |, di. .St f th
et hod o SRECHEIH Miveat: R8T kaBih 2668 SRt dde:” Hbidnierson, as
descri bed kdrebf)- opBdnAROtORSther Biige ta OphdritadeuEeat ddespbleNcdrfied

reconbi nant enbryonat ed N
adjuvant, diluent or/and additive.

15 The inhibitor capable of inhibiting the activity of an miRNA selected from
miR-141, miR-141*, miR-200c, miR-200c*, and precursors thereof is
preferably selected form aptamers, spiegelmers and decoy nucleic acids.
Aptamers being preferred inhibitors in the pharmaceutical composition are
capable of inhibiting the activity of miR-141, miR-141*, miR-200c or/and

20 miR-200c* and precursors thereof. Spiegelmers being preferred inhibitors in
the pharmaceutical composition are capable of inhibiting the activity of miR-
141, miR-141*, miR-200c or/and miR-200c* and precursors thereof. Decoy
nucleic acid molecules being preferred inhibitors in the pharmaceutical
composition comprise a sequence capable of binding a transcription factor

25 involved in the transcription of miR-141, miR-141*, miR-200c or/and miR-
200c* and precursors thereof.

The pharmaceutical composition as described herein (either produced by the
method of the present invention, or the composition comprising an activator
30 of the expression or/and gene product activity of the MxA gene) is preferably
for use in human or veterinary medicine. The pharmaceutical composition is
preferably for use for the prevention, alleviation or/and treatment of an

influenza virus infection.



egg produced according to step (a) of the method of the present invention,
5as descri bed herein. The reconbi nant enbryonated egg is preferably a
reconbi nawo 2eniyonat ed hen's egg. The invention is fur®hemrPétowsissat ed by
the followi ng figures, tables and exanples. 10 Figure and Tabl e | egends:
Figure 1: The experinmental setting of the si RNA ki nase screen of the
exanple. 15 Figure 2: The effect of trgnsfected (control)-si RNAs in regard
to | um nescence data. This diagram shows a typical screening result from
one 96 well plate. During all experinents several controls were included in
triplets, like uninfected, transfected with a si RNA agai nst | uciferase,

nock 20 tr&neechrdigd |ﬁlR@Aﬁhéﬂﬁaé‘éﬂtlchh%omﬁoﬁltldw%&ﬂRfo@ﬂipﬁis@ gedelivedy) from
i nfluenza A viruses. The difference of the | um nescence between cells

treated wi BYStelkilnerparsossialiad in e artknons delvRns syeiemsesuitable fy the
I nhi bi ti O"pR Fmé’@éLjftl'&éF bp{h &@ng fhe: ré%t' .ﬁbéﬂ%&d OT‘hé’f r_aaramaeeg v' rus

repli catlo hown for a est I n the exanple I gure
val uess" % compbsitioonMmalyr bm delllvea{adl lylztme JomrmAaf Wenekeéemmlelccamdullat e t he

Z-scores. Ly .efficien I R are | apel | s P2 30nore t han
5006 1 i bi EPGRNaRRa i Vel Xt BphodPel Salds Al BT Cel I
nanoparticles or/and polymers. The pharmaceutical composition or/and the

nucleic acid may be delivered by electroporation.

10 Naked nucleic acids include RNA, modified RNA, DNA, modified DNA, RNA-
DNA-hybrids, aptamer fusions, plasmid DNA, minicircles, transposons.

Viral vectors include poxviruses, adenoviruses, adeno-associated viruses,
vesicular stomatitis viruses, alphaviruses, measles viruses, polioviruses,

15 hepatitis B viruses, retroviruses, and lentiviruses.

Liposomes include stable nucleic acid-lipid particles (SNALP), cationic
liposomes, cationic cardiolipin analogue-based liposomes, neutral
liposomes, liposome-polycation-DNA, cationic immunoliposomes,
20 immunoliposomes, liposomes containing lipophilic derivatives of cholesterol,
lauric acid and lithocholic acid. Examples of compounds suitable for
liposome formation are 1,2-dilauroyl-sn-glycero-3-phosphoethanolamine
(DLPE); 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS); cholesterol
(CHOL); 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC).
25
Nanoparticles include CaCO; nanoparticles, chitosan-coated nanoparticle,

folated lipid nanoparticle, nanosized nucleic acid carriers.
Polymers include polyethylenimines (PEl), polyester amines (PEA),
30 polyethyleneglycol(PEG)-oligoconjugates, PEG liposomes, polymeric

nanospheres.

The pharmaceutical composition may be delivered in combination with



34 Exanple 4). Figure 6: Expression of mR-141 is increased in human | ung
epithelial cells upon infection with influenza A and enhances virus
replicat iw0.208/028914Up-regul ati on of m R-141 at 24 h p.i PCrEPd@n®6i3asl by
gRT- PCR upon infections of A549 human lung epithelial cells with the human
i nfluenza strains A/WSN/ 33 (HLN1), A/Puerto Ricol8134 (HLN1), A/ Panama/99
(H3N2) and the avian influenza straing¥ FPV/Bratislava/79 (H/N7).
Expression of mR-141 is normalized to non-infected (NI) cells. (B) Viral
propagati o A WSN/ 3 9 cel afte ansfection with
B o R 141 Sislee RSty Gl nbu gPerighies Rk Xy ol R erf RSB bt or
(NS). Viruprat@inkdey. peotaniies-aatibodyp comjagatesansf ected and infected A549
cells were quantified using an influenza dependent |uciferase assay. (C, D)
Vi rus repl i catl on in different stably transduced m RNA over-expressi ng A549

| f fect > >
and the rebUIARNGLTL S pROmEROT ok dobs rpielagtuy b e Fshdde " © ¥

M cr osgopy opBAd | atf iintabitsrecAsably of inRBRARG! iheebitivilpabRan RiRRAs it f
triplicate sanples (A %_?or of three independent experinents (B, D). *

t-test (P<60055mRr\h41 iR 14Hs MR- 2Q0c, 20IR=2906"e and NVRAUTSAES Hereaisayene

¥ dent
el at1 onehr S pen, BL e R ERy e PRermA ko BB for Kb ot O o
wi t h i nfl uahenaatisrn\BMaBE t(awrnem) of an mﬂhmriznadvlw infectiome Dedivertyssystewel s of

d ined b - PCR
(Rna) and LRGRY BT g JecBR pitasay busBl & corves ne a ) oadi ng

controp for immunoblotting (DF) A549 cel I s were infected with influenza
A/ WBN/ 33 at the indicated MJs and at 24 i. cells were |ysed. Levels of
MKA TRNA ( BpORYed SUbIeGr it menp(eéﬁn%éra\eerﬁ'@ﬂehsnﬁhﬁeaswqut@rapta@tahep the

i munobl ot ék;ﬂ%ss% 6%@&1‘18 rbfc?ucﬁ afé‘{"igligt)?oﬁﬁ{é/ﬁ/&ﬁa efe loPRAINEH ﬁﬁ‘?’ﬁlf ;or

i mmunobl otting tio reen) ucl eoprotern (NP

| nfl uenza Af\wab;eo( irdbiting thmectinntdudarwlm§ab@ctedrmnmmlﬁo?ﬂe1smﬁce (24 h

). Sca ba m [ I (NI)
cont roI in %1 C'r”alchli&Ig% @yggﬁép ?ﬁ&rér%ﬁb%oé% tﬂ%'le[ Fi p i R ?eérg(/%ptﬁoeﬁj Fi gure
8: I nhisbi t altsviatiormoRadd trdatment ohan ésfluereza WA péectioax Detiseryosystéms
Det ecti on of reen si a he .nucl epprotein (NP, red signal) in5
A549 cel | sa?‘éyﬁ‘éf?’m?thoéé SQ‘%&@F'BW&&F@P&%% S & iR 141 i nhibitor and
control inhibitors (m R 198; non-specific, NS), respectively, and 8h | ater
infected with influenza A/ WSN/ 33 or A/ FPV/ Bratislava/ 79 (M)1 1). Scal e bar,
10 pm Arr¥es dnotherasabjbksopdbet presennfdvemition isnhesietitbd: &f | srevention,
Quantificatjon of MA- é)SI tive i nf# uenzaﬂl nfected cells is provided in Fig.
12. (B) Lef g\dafign or/a treatment of an influenza virus infection, Comprising

20 administering to a subject in need thereof a therapeutically effective amount
of an activator of the expression or/and gene product activity of the MxA
gene or/and an inhibitor capable of inhibiting the activity of an miRNA
selected from miR-141, miR-141*, miR-200c, miR-200c*, and precursors
thereof. In the method of prevention, alleviation or/and treatment of an

25 influenza virus infection, delivery systems and delivery methods as

described herein may be used.

Yet another subject of the present invention is a recombinant cell produced
according to step (a) of the method of the present invention, as described

30 herein.

Yet another subject of the present invention is a recombinant non-human

organism produced according to step (a) of the method of the present



10 m R-141 upon influenza A infections with different MJds, as quantified
by gRT-PCR Up-regulation is relative to non-infected cells (NI). Data are
mean + SDwof2otwizpdiscat e sanpl es. (C) | mnunobl ot anal ysiPSTaEP20MAIIENE
expression. Cell lysates from A549 cells were transfected with the
specified amounts of m R- 141 and non-specific inhibitors and infected with
i nfluenza A/ VWBN/ 33 at 15 the indicat MJs. j3-actin serves as a | oading
control. Blot is representative of three i ndependent experinments. Figure 9:
Down-r egul ati op of Al irectly nediated by m R 141. (A) | mrunobl ot

anal ysi s o'l”"@ﬁﬁ%@%%%sq{'/ﬁ’ﬁgd’}%‘?@in and the exogenous eGFP- 20 MA fusion
protein (24 h p.i.). A549 cells were infected with influenza ANVSN 33 at
the indicated MJds and 1 h |ater transfected with pEG-P- MKA. 3-actin serves
as a | oadi gt anethesisubgichof fagipcesantiirverdipnes ehfeganylingnt emberonaigependent

experi nment - ' It r | (B)
Repr esent a??%%@%ﬁ@cggﬁﬁa%é’bg@gi @?tgg?@%%ﬁgoﬁr@@?g}é‘?%%ﬂiévgrgl ‘cells at
24 h psi. wastdescribald heredt.alhe ngcobhibirgnt emfbeyonated peges 33 @referaly and

eG-P- KA egre sion %%een al,e bar, 10 pm Quantification of eG-P- MkKA
posi tive cHGeIRIRANTHDPHO a;eﬁj‘ E—?@S ©P8: (C) Expression of MA and the

eGFP- MKA fusion protein in transfected or influenza ANVSN 33 i nfected
cells. A549 cells were infected at the indicated MJds and left untreated or
30 transfethedinkeption He wirthes: drstratesnBy othsr fellgyieg sfigigep! dateasapenpt y,

m R198 and pi B-ld4) for 6 h, followed by transfections wth pEG-P- KA and
si nul t aneous tPeaf ment wwth IFN-p (500 Wrl). 3-actin serves as a | oading
contrab. Blot depicted is representative of three independent experinents.
36 MKA and E@P%bérdl i_nt gnsi ties are shown bel ow bl ot (D)

Repr esent aﬂ%e 831¢ FIEN ar aphs depicting levels of nCherry (red), the
exogenous eGFP- MKA (green) and the endogenous MKA (blue) in different m RNA
over-expressing or control cells. Arrows_ indicate transfected cel]ls 5
(nCherry pbidurevdy theaexegrimentalpseting abihe riglifakingseoscrieslogbibes MA
and no or weakspxpression of eG-P-MKA. Scale bar, 10 pm Quantification of
eGFP- MKA posMPve cells is provided in Fig. 16. Figure 10 and 11: Levels of
primarty i nfection and virus progeny in MKA 10 deficient, influenza A/ WBN/ 33

i by st oG 2o T wplteion rafidsbneSalt e AT R B onod by

treat nent luntinesteesdatdy hisodiayeeam showsnaitypital dsvedaeing re$ult frbacbed and

uni nfected_cel | e quantifijed using,automated m ¢croscopy an he

per cent agedrwelilgtec Duans <l SrERmEiS Seetat ity e \otidediBgeny i n
cel I supergplais! iNeuniiFbeedetransfdtded MAtH Bf $IRRX agdrRENdGRIrasd!Cinbekase
assay (Fig. 11). Error bars indicate the standard deviation (SD) of

tripl iceat efeatqd anhpiRNAm agaEskihe viralinucteaproteincgens (NPifipm enflugnza

Quant i ficapli (0] E!\/b&f\ Mald i ) 49 cells
wer e trans?‘e@p‘é%fs\'/vit %ﬁ%?ﬁcl anéhgc}lﬁ{?‘r"lé ?ﬁﬁ? bﬂt@%&ﬁ%%l%gﬁp%%ﬂle ivc\:l NS) ;

m R-181), lefermsei silNAs amd iantiddP esiRNAsh wasf ek na al 00 WBNhBbition per

Al FPV/ Bratgjsgf. ava/ 79 (M1 1) at eight hours post transfection. At 24 h p.i.,
expr essi on9S¥NR was anal yzed in influenza infected cells (-100 cells per

treatment), using inmunofl uorescence confocal mcroscopy. Numbers of 25 MA
positive cells depicted as nean percentage of total cell nunber_ + SD. Cells
t r ansfeect ebigyren3 hBe dphibition ohhinflypnzr ViHgeplicalien showi feraalk¢ifMiABer s of
MKA positi IH $iel dk arison to control inhibitors after infection at
an MOL of tf%té@ﬂ_sesta (/P/<0.05).

Figure 4: The values “% inhibition” from all analyzed siRNAs were used to
calculate the z-scores. Highly efficient siRNAs are labelled in pink showing
30 more than 50% inhibition compared to the luciferase siRNA transfected

control cells.

Figure 5: The experimental setup of the genome wide siRNA screen (see



30Fi gure 13: Expression of MKA in stable m RNA over-expressing A549 cells.
Cells previously transduced with retroviral vectors coding for the

i ndi cat edwoi2RNAR9OR t he enpty control vector, were | eft PONEPR@EDO6333 were
treated with FN-11 (500U/ nl) for 24 h. A representative blot fromthree
37 i ndependent experinments is depicted. MKA band intensities were

determ ned using the A da inmage anal yzgy program (V. 4.03).

Fi gureld: Predi ct edi nt eracti onbet weenhas-m R- 141 5 ( UAACACUGUCUGGEUAAAGAUGG,
m RBase se uenc% ?at abase (/8/) and the conpl ete nRNA sequence of MA

(NM 0024625 *APIE $he | owest mi ninmum free energy (nfe) according to the web
tool RNAhybrid (/9/). Figure 15: Quantification of eGFP- MKA-positive cells.
A549 cells_were 10 infected with influenza A/WSIN/ 33 at the indicated MJs.
One hour | Bigsrecs| Exprgssior efimifRrddd cisdicrigasedin dunpanstung epithelidlasnid to

det ect exogg;fﬂ%{%&ﬁ“ﬁﬂ%@ﬁo% ﬁﬁ’t‘ﬁsfiﬁd&ﬂiéeh%’ aﬁépéﬁéf%{?gﬁ%;}’e;ﬂfb’%@ 'C|to. -

(nolar ratro o nornalize the transfection e
expr essi on(A) Updiegultiannak ndRal4 el 24 h100. celdeteghed byr gRITARGR upong

I mmunof | uor escence facal 15 m cros . Nynber, f eGEP- MKA and nCherry
bosi 11 ve. cBITaiospPt ABdSaBumERn skr BRREEIAL SRl Bt PecRimanmpiieizan ac un
MOl of 1, _émngwmﬁsm@sqmﬂug%m R/ &/Bu g HAN ) sSAdRI=RES/99 (Fs)fi cant |y
in conparison to non-infected (NI) and parti al I¥ i nfected cell cultures
(M)1 0.05) and the_a\dan /|nfdl,4qnsyzags’(§glp_ Aﬂﬂ:’\ﬁ%jﬁtﬂséa‘@i 9 QN D)t iEeRressio fof

eG-P- MKA- biqgve I \ L 0 e

t ransf ect 2%%‘% clialcﬁdérﬁ]grllltge%c@r ﬁ?)ﬁgﬁ%&ﬁg(h’y S%E%é'ng% é\ﬁnppatqy?%rgaé?%g and

m R-141) f@WSK/33)oinl AddE8 bslist (MY T 86S5) oalten transfestiercrmtiMen miksiéh pl asmi d

(to detect_exogen A) an si mul t an g LWt FN-
(5000 ) . SO BLPGHES op bl Yo AdRFGsaat A TBBEE ) ibee i ve
celI's per gomainimytsupsirmgtantsniom | tiamsfeciedc andomfested AB49 oseiRpwerdlunber s
of eGFP- MKA posjtive, cell s_rﬁepi Ctﬁg asrzérepan per cent age of total cell nunber
+ SD. Cel | QUENtHiRGF ¥sing 3 {HIUeRga niepandeny kicferasPeassay (fadi Yindthi bit a
si gni fi cantani@afsH' G fRrémt S55I7tMMdResd %iﬁd&%béﬁekﬂe@@iﬂ?@%@@ﬂel‘is@
controls (non- transfected (NT), enpty vector and mR-198). * /t-test/
(1 P/ <0505) The percentage of infected cells in the primary cell culture (C) and the
resulting virus progeny (D) was quantified using automated microscopy and
luciferase assays, respectively. Data are mean +SD of triplicate samples (A,
C) or of three independent experiments (B, D). * t-fest (P<0.05). NT, non-

transfected.

20
Figure 7: MxA and miR-141 gene expression upon influenza A
infections. (A-C) To analyze the time-dependent relationship between miR-
141 and MxA expression, A549 cells were infected with influenza A/WSN/33
(MOI 1). At the indicated time points, levels of MxA mRNA (A), MxA protein

25 (B) and miR-141 (C) were determined by gRT-PCR (RNA) and
immunoblotting analysis (protein). B-actin serves as a loading control for
immunoblotting (D-F) A549 cells were infected with influenza A/WSN/33 at
the indicated MOls and at 24 h p.i. cells were lysed. Levels of MxA mRNA
(D) and MxA protein (E) were determined by gRT-PCR and immunoblotting,

30 respectively. B-actin serves as a loading control for immunoblotting. (F)
Detection of MxA (green) and nucleoprotein (NP) of influenza A/WSN/33
(red) at the indicated MOls by immunofluorescence (24 h p.i.). Scale bar, 10
Hm. MxA expression is relative to non-infected (NI) control in A, C and D.



38 stably transduced m RNA over-expressing cells upon IFN-11 stinulation
(1000 U nl). These A549 cells were transfected with plasm ds coding for the
firefly Iwoi2zbawagss4gene driven by either a pronoter thaPCtmrR@in0633a3 | SRE
notif within the mninmal pronoter or driven by a constitutive SV40 pronoter
5 (pG.3-control) as a control. In addition, cells were transfected with a
/Renillal luciferase plasmd as a tra ection control, directly foll owed
by stimulation with IFN-13. The ratio of firefly to /Renilla/ |um nescent
signals is_shown. Error Bg(rgs cate he standard deviation (SD) of four
dupl i cat es P2 TG mEENTES U@ER?@% S@f" R- 141/ 141* and ni R-200c/ 200c*, and
precursors thereof. Further, the hairpin structures of the precursers are
described. Table 1. Results of the si RNa kinase screen: a: activation

(" negat i veFiawe §iHnkiibitiom obmiR t4isfungtion restores MxA ge@er@mrséalqmai nst

t he cell v [ 1

I ndependen Rg@%’grcﬁﬁgrﬁfm &Egﬂ qurfaq%%ﬁ% @P?ﬁéS?}&%l Cﬁ#éﬁ@s%!) n

nor mal iszedAad8icells (2dehqei.). Crlilsbeere MSfded;mmdarrdiRieManhlbltocahdul at ed

usi ng four independent e rjoents. Pool erein enot e nurrber of

Che Dol | PRREE M R Har ) The nSBaBaaliep i) rforaaptvely. ghtah date

ai gonucl epifbcted SRt PNaesze APNVEIGY3 iod AUPPV%rBh@la‘&éﬂ@Sﬂll@Pnﬁbea% baxanpl e 1.

Knock-down of a particul ar gene was,_perforned ( @qt@g a_conbi nation of two
C

ol i gonucl edPikme. AsgWsnindicate tl\@%@ps'iwearmfweﬂzarlg yebs Qagiifigagionor said
gene, or (B?QBéAQBQ el IdeQQQLlﬁ#e%Rifd E!ﬁﬁ?s %Ool \ided anIE d'1§f ?ﬁgngglgrﬁs (" Pool

X", wherein es t nunber o escrl
Tabl e 8: OmigehiicluponiidBugra & mﬁqzxtttmpsdwmm diffieresit FM@I%ams;eashﬁmialbyof t he

sequence. 49 1sRER AEfadRUbPOR TeRlive 4o B bfreiet SRl o, R8tem BE8R. est).
Tabl e 5: Okigoofeltiehtdlsarspride (CEnRiRbBBEanaN sishst Mxmjénéch@eéssvén
Cell lysates from A549 cells were transfected with the specified amounts of
miR-141 and non-specific inhibitors and infected with influenza A/WSN/33 at
15 the indicated MOIs. B-actin serves as a loading control. Blot is representative

of three independent experiments.

Figure 9: Down-regulation of MxA is directly mediated by miR-141. (A)
Immunoblot analysis of endogenous MxA protein and the exogenous eGFP-
20 MxA fusion protein (24 h p.i.). A549 cells were infected with influenza
A/WSN/33 at the indicated MOIs and 1 h later transfected with pEGFP-MxA.
B-actin serves as a loading control. Blot depicted is representative of three
independent experiments. MxA and eGFP-MxA band intensities are shown
below blot (B) Representative confocal images of infected and transfected
25 Ab549 cells at 24 h p.i. with viral NP staining (blue), mCherry expression (red)
and eGFP-MxA expression (green). Scale bar, 10 um. Quantification of
eGFP-MxA positive cells is provided in Fig. 15. (C) Expression of MxA and
the eGFP-MxA fusion protein in transfected or influenza A/WSN/33 infected
cells. A549 cells were infected at the indicated MOlIs and left untreated or
30 transfected with the different miRNA over-expressing plasmids (empty, miR-
198 and miR-144) for 6 h, followed by transfections with pEGFP-MxA and
simultaneous treatment with IFN-B (500 U/ml). B-actin serves as a loading

control. Blot depicted is representative of three independent experiments.



5 exanple 4. Up to four oligonucleotide sequences ("target sequence 1",
"target sequence 2", "target sequence 3", and "target sequence 4") specific
for a gerwoweri2enpl oyed (each in a separate test). Kno®kTdresmoobt3sthe genes
described in this Table resulted in increase of virus replication.
10Exanpl e 1 Since kinases are one of the nost prom sing candi dates that can
I nfl uence virus progeny we used si gainst this group of genes to
identify the individual role of each Kinase or kinase bi ndi ng polypeptide

i n respect fal pli.catjon. of infl e RNAs
:Nere fgste rqcﬂédgb\&ﬁ% E’Pnlgxd@{q"ﬁ’g'ﬁﬁsla@lz ) Rk %‘éSQMSt('ﬁ: nases

can infl UeR@Erés@htétﬁ@ ESFbEAMRro§@phs & |@£fr@ RVE[S Gﬂ’ﬁ'@h@f'iyc refijianef fect of
each individual siRNA transfection in regar to the cel er’ was

anal ysed bgxeganausaeGabtMirht (gceen )canss dupendaaencum YA éhluee)eq@l diffaterdn
comet ent  RNACBEE-Lanashg 65 caRnG BN [ARGWY! hbiate pesdaq dfRor L er

plasmd th was “construc ymerase |~ promo erm nat or
casset te tpnehprrysrsodﬁli\k)tthahezmubmttmﬂermddwngegblatlbnrcﬁfér)ddgwbhsrmm fl anked

by the untransl! at ed r ons of t nuc rotein (NP)
Sagrent - HERRIOLADAFER S PRESARY OF SR -bas BeaR e T aH cUBRITHALRN hi s
i ndi cat or g @SFPUVRASHEIRIVRTIRNE prdvided Inueigzagi nf ection. These cells were
chosen, because they show a very strong anplification of the luciferase

expression after influenza A virus infection. The cell based assay
conpri sed &R sp‘ﬁ ri mental
setting of kl‘tﬁ]e'jegilwrklﬂn}se E@gé?g?nfﬂgg.&&cq\@g I N Ppﬁéﬁbpcel )gR(I ung
epi t hebi al defitiesk, imﬂt%nzaalAN\LSMlBésmmgte’d NS@GISStebs'(MOMIGS)sPRNMydl rected
agai nst ki nases or r ot ei ns nfetlo th influenza
AWS 33 nisciney wes BRE T meg st 2RIk Byostalie Eale iR abitiendai it o
pl asm d Daypdcifibatibddy) folowdP by aRidiment Witht eestspeiyBabamaingbr ARdIBi.cel | s +
determ nation of cell nunber by the automatic m croscope.
Numbers of infected and uninfected cells were quantified using automated
microscopy and the percentage of infected cells was calculated (Fig. 10).
15 Virus progeny in cell supernatant was detected using the influenza
dependent luciferase assay (Fig. 11). Error bars indicate the standard

deviation (SD) of triplicates. NT, non-transfected. * /t-test/ (P<0.05).

Figure 12: Quantification of endogenous MxA in influenza infected

20 cells. A549 cells were transfected with miR-141 and control inhibitors (non-
specific (NS); miR-181), respectively, and infected with influenza A/WSN/33
or A/FPV/Bratislava/79 (MOI 1) at eight hours post transfection. At 24 h p.i.,
expression of MxA was analyzed in influenza infected cells (~100 cells per
treatment), using immunofluorescence confocal microscopy. Numbers of

25 MxA positive cells depicted as mean percentage of total cell number + SD.
Cells transfected with the miR-141 inhibitor significantly increased numbers
of MxA positive cells in comparison to control inhibitors after infection at an
MOI of 1. * t-test/ (/P/<0.05).

30 Figure 13: Expression of MxA in stable miRNA over-expressing A549
cells. Cells previously transduced with retroviral vectors coding for the
indicated miRNAs or the empty control vector, were left untreated or were
treated with IFN-B (500U/ml) for 24 h. A representative blot from three



Day 5:Lysis of the indicator cells and performng the luciferase assay to
5quantify virus replication For the identification of influenza rel evant

ki nases twe 2bumi2osgcence val ues were nornal i sed agai nst PChEPe@lo63zasrber
(rmeasured after siRNA transfection and virus infection). Thereby unspecific
effects due to the lower (or higher) 10cell nunbers can be m nim zed.
Several controls were included to be a\?e to denonstrate an accurate assay
during the whol e screening procedure (Fig. 2). The control siRNA agai nst

the viral nucl eoprotein could near|ly reduce the replication to |evels of
uni nf ect edNISPENHRNT EREriMen|s is Q?P@i‘lﬁ%ﬁ\ﬂ gaﬂﬁﬂ‘i‘f@ﬂﬁi’f@ﬁ weregiatedninggde shows

t hat sone ﬁﬁvb@ %ﬁﬂ@ b Rt us replication, whereas
ot hers canéiél [ ?t the r p?ﬁ%@(?ié'b%m?t@gggg@?glls% than the antiviral
control siRNA against the 20 influenza NP gene (Fig. 3). Thereby 47 si RNA
decr eased repligation . han % [ d re 80 %
o B o o FlyrePl LERY | O PRk E‘%’%F@?ﬁd%ﬂﬁ%%? e %&"Qt@q%b,
?¥0\tf)v: nglt B@JA?\CAWGUEUG_GUA@A@AUGO;/QMRB%? iseQubned _dababmﬁ (81 :alh'dt i ?rtr;

abl e of virus replication in or inst the ce nunber ,
and the sté\?daﬁ"d’“ﬂ@'ﬂﬂ rﬂ‘&lﬁ‘ﬁ‘ c?ﬁ%’t?ﬁﬁ?eﬂ* ﬁ%m@g?gg%éﬁ d@ﬁt? riments.
Simlar regjhikfuinificd Hirgl (1Rfe)Usdcdedihg %o & GdbabbirNAhyBrigganes. The

z-score represents the distance between the raw score and the popul ation
mean in

Figure 15: Quantification of eGFP-MxA-positive cells. A549 cells were
10 infected with influenza A/WSN/33 at the indicated MOls. One hour later cells
were co-transfected with an eGFP-MxA fusion plasmid to detect exogenous
MxA and a constitutively expressed mCherry construct (molar ratio 6:1) to
normalize the transfection efficiency. At 24 h p.i., expression of eGFP-MxA
was analyzed in 100 cells per treatment using immunofluorescence confocal
15 microscopy. Numbers of eGFP-MxA and mCherry positive cells depicted as
mean percentage of total cell number + SD. At an MOI of 1, the percentage
of eGFP-MxA positive cells decreases significantly in comparison to non-
infected (NI) and partially infected cell cultures (MOl 0.05). * /t-test/
(/P/<0.05).
20
Figure 16: Quantification of eGFP-MxA-positive cells in the absence of
infection. A549 cells were transfected with different over-expressing
plasmids (empty, miR-198 and miR-141) for 6 h, followed by transfection
with the eGFP-MxA fusion plasmid (to detect exogenous MxA) and
25 simultaneous treatment with IFN-B8 (500U/ml). Expression of e GFP-MxA was
analyzed in ~100 mCherry positive cells per treatment using
immunofluorescence confocal microscopy. Numbers of e GFP-MxA positive
cells depicted as mean percentage of total cell number + SD. Cells
transfected with the miR-141 over-expressing plasmid exhibit a significant
30 reduction in eGFP-MxA positive cells in comparison to controls (non-
transfected (NT), empty vector and miR-198). * /t-test/ (/P/<0.05).

Figure 17: The ISRE promoter activity detected by a dual luciferase assay in



units of the standard devi ation. The z-scores were cal cul ated using the
30foll ow ng equation: X - er where X is a raw score to be standardi zed, a

i s the stwiodarid2eieyi ati on of the 41 popul ation, and p PSTiEHPOW®II3IDI t he
popul ation. Exanple 2 5 In a future experinent the antiviral effect will be
validated in nore detail by using individual siRNAs or shRNAs instead of
pool ed si RNAs. Furthernore new si RNAsé t least two additional siRNAs per
identified gene) and shRNAs will be tested using the experinental setting
of Exanple 1. Those confirmed 10 genes that seemto be i mportant, for the

repl i cati oftedly jtransdeRed mIRNé\egvm-pxp&qséwgb@eI&%d&@u G slimidadienusi ng
'n”anasa'g o%ﬂmrﬂl)S’rﬁéseéiAéhB%ﬁs weré*i@}#é%ec@wﬁug@a%ﬁis%dl fd?]‘: péh' S

antiviral erap is of highest 1 nportance to term ne t I ci ency
of trans pofltﬁlwuafm'fasegepemnvgntby eithrey @ prarheler dhatt ¢ardaios arlSRE maetfss of a

t hera de ds.on th ination. 1 of . high eff.icien ina e i hi bitors
and adbquab Gy 478 JoPimED SRRl B BiveRapd, dcefntfiyes Syas BEGro R o on
agent s c(pGo320nttbl)chs e ecsrﬁrcﬂpnhyamnbnr deh§ \deie Mednsf@dtedi RMSaor

ShRNAsS in in vj vo stud| es successful ly. ply the orrpounds ei t her
i nt r anasal {Reria/alusiferasee plasAit 25 @eﬁ’?f‘?feicﬂ?’é qq;;@p al.udigectto CE'PWeéil O¥t si RNAs

or shRNAs §mma%r%w Oftd RReer ﬁ.:frfgltot/ﬁernmawml]esb@ﬁt é.pgtsnﬁg.lsssue and

due to this animals shou be protecte gai nst an ot herw se
i nfl uenza Showot Funr basHodicats thersfanderdodeliatinnc @D )esftfour daplicales. ki nase
inhibitors, we will divide the experinments in four parts:

10 Figure 18: Sequences of miR-141/141* and miR-200c/200c*, and
precursors thereof. Further, the hairpin structures of the precursers are
described.

Table 1: Results of the siRNa kinase screen: a: activation ("negative"
15 inhibition) of virus replication in %, normalized against the cell number, and

the standard deviation calculated using four independent experiments. b:

inhibition of virus replication in %, normalized against the cell number, and

the standard deviation calculated using four independent experiments. Pool

X, wherein X denotes the number of the pool, refers to combinations
20  described in Table 3.

Table 2: Oligonucleotide sequences employed in the siRNA kinase screen of
example 1. Knock-down of a particular gene was performed (a) by a
combination of two oligonucleotide sequences ("target 1" and "target 2")

25 specific for said gene, or (b) by pooled oligonucleotides specific for different
genes ("Pool X", wherein X denotes the number of the pool described in
Table 3).

Table 3: Oligonucleotide pools employed in the siRNA kinase screen of the

30 example.

Table 4: Oligonucleotide sequences employed in the siRNA screen of

example 4. Up to four oligonucleotide sequences ("target sequence 1",



1. Analysis of the kinase inhibitor distribution in the respiratory
apparatus after intranasal application of conpound/chitosan nano particles.
Opt i m satworrotfo2phie conpound/ chi t osan concentrati on for POESP2010/063333
30effectiveness. Further tests will only be perfornmed in case of success.
2. In LD50 tests the absolute pathogenicity of the virus isolates Influenza
Al Puerto Rico/8/34 and the Avian Infl za isolate (for test 4) wll be
estimated. 42 3. Test of antiviral eftect of selected si RNAs or shRNAs
after intrgnasa ion and infectign with Influenza A/ Puert_giC

(in

i | applicaf, i
Ri co/ 8/34 bgr Q%aﬂeﬂg?ﬂﬁea r J§r9t‘%ttSF8UPHC°_P G'_nga'f"i‘ s&igeloseqUaNER VA SP&F
certain Cagfs)agene were Ien@)é%;pgﬁs(rga% iRatdeparate tggﬂ‘)_ect of sel ected si RNAs or

shRNAs after i1htranasa ation and I nfectron with highly pathogenic
Avi an Influenza virus isolate (such as H5N1) by analyzing the virus titre

in lung ti g | c at ' t ai e u V] rus

I sol ate i s?ggge%a§w5§hly@%?t§€enfse&gggfg§%n%hp IO&%Q @{a?'&%aﬁ%@ﬁ%@?‘e%e‘ﬂmi an

I nf | uesza. exwmpimmf W tubnﬂ@: rn'uéi o@gdd&li@tgl_ei setuemncesf ('tth@ﬁcwercﬂmh_ cer ¢yal ent
strain 1n ylvo efficiently, Kl nase Innhibifors ggalnst the conilrneg genes
will also Heraedsesiente f'cdarasl SPHRECE & oA niRigPletPaHaNGs A speedeTon. 15
The Nax- Pl RRCK el Werd driiploled qkbiRNAbA Uepliate BRD] ikhockRigiMor thas
genone-w de R libraries that, in principle, enable the shutting-off of
every si nggenerdescripaddnithissiatle resulied in irerease of vilusrplicalions) . So in the
next |level the screen will be expanded to a genone w de scal e, because many
20additional cellular factors involved in the attachnent, replication and
buddi ng of Examyded are still unknown. Exanple 3

Since kinases are one of the most promising candidates that can influence
virus progeny we used siRNAs against this group of genes to identify the
individual role of each kinase or kinase binding polypeptide in respect of a

15 modified replication of influenza viruses. All siRNAs were tested in four
independent experiments. Since siRNAs against kinases can influence the
replication of cells or are even cytotoxic, the effect of each individual siRNA
transfection in regard to the cell number was analysed by using an automatic
microscope. The amount of replication competent influenza viruses was

20 quantified with an influenza reporter plasmid that was constructed using a
RNA polymerase | promoter/terminator cassette to express RNA transcripts
encoding the firefly luciferase flanked by the untranslated regions of the
influenza A/WSN/33 nucleoprotein (NP) segment. Human embryonic kidney
cells (293T) were transfected with this indicator plasmid one day before

25 influenza infection. These cells were chosen, because they show a very
strong amplification of the luciferase expression after influenza A virus
infection. The cell based assay comprised the following steps (also Fig. 1
which describes the experimental setting of the siRNA kinase screen):

30 Day 1: Seeding of A549 cells (lung epithelial cells) in 96-well plates
Day 2: Transfection with siRNAs directed against kinases or kinase
binding proteins
Day 3: Infection with influenza A/WSN/33 + transfection of 293T cells



25 Additional siRNAs (not only si RNAs agai nst kinases or kinase binding
proteins) and shRNAs will also be validated in regard to a decline of the
repli catiwo 20f/a2od1lbuenza A viruses. For the eval uati on eCTiEHPe&E6/0633RNAS and
ShRNAs t he sane experinental setting will be used as described in exanple
30 1, except that the cell nunmber is quantified indirectly by using a
commercial cell viability assay (instedd of using an automated m croscope)
and that these si RNAs and shRNAs will be reverse transfected, i.e. cells

will be added to thﬁltﬁ [@ﬁ,fﬂggﬁié)md'eggo,aﬂ,@gﬁﬁw prepared in 384 well plates.
Exanpl e 4 5Anong t human Tgenom&* hundr eds of genes are presumably rel evant

for the rePaydati onlnfﬁCtlioﬁfO @A33 cellsuvib. thehsupemesanthel AdA8eeellsg*pr ocedure
of kinases and ki ngrgflehhfﬁgwﬂoff%ﬁ ﬂpﬁlp(ﬁgm;ﬁﬁé%‘f‘oﬂnﬁtéﬁﬂ%mk@o was expanded

to a genone wde s € analysin uman genes i hg about 59886
si RNAs. 10Daleb: expelrysmaot thle mdmator\mSwdmerfmmmgltrae kucrfetasle agpaydo
described in Exanpl e ex, Fe screen was extended to genone w de

| evel dsing 59886 sA4RGALY 'éé?pr%f’"&@ @ seeded in 384 well plates. 15 Because
of the huge nunmber of transfected cel s, not all cell nunbers could be

anal ysed by aut omated m croscopy i RNAs were reversely transfected in
freshly seé@éﬂwmmtlééahw QEIngeﬂﬁ% reheaﬁ@if kipepes the dyvinesepnre Falkkies( Q agen,

Hi ! den, ﬂ%ﬁc n

per f or rred {ma %%élﬂg\ﬂh%lﬁ@ %Eépﬁ%%g %@%ggp%RNQ%%%t%asequence

2", "tar geandemwennécﬂbn) arferebyugspecifiqeffects dieito thalibwertjorsiigher)i ¢ for a
Addi tlonal trols were included: "All Stars Negative

parti cuI ar n n
Cont r of pﬁ]ﬁnurp&eéﬁgﬂn ﬁlm'agﬂzeg%rnany, Order No. 1027280) as negative
control, 255| RNAs directed agai nst PKWT (Genel D. 9088, GenBank

Several controls were included to be able to demonstrate an accurate assay
during the whole screening procedure (Fig. 2). The control siRNA against the
viral nucleoprotein could nearly reduce the replication to levels of uninfected

15 cells.

The illustration of the inhibition in percentage shows that some siRNAs can
enhance the influenza virus replication, whereas others can inhibit the
replication stronger (>113%) than the antiviral control siRNA against the
20 influenza NP gene (Fig. 3). Thereby 47 siRNA decreased the replication
more than 50%, 9 siRNAs showed more than 80 % inhibition. The list of the
results is provided in Table 1a and 1b, showing the activation (Table 1a,
"negative" inhibition) and inhibition (Table 1b) of virus replication in %,
normalized against the cell number, and the standard deviation calculated

25 using four independent experiments.

Similar results were obtained using the calculation of z-scores. The z-score
represents the distance between the raw score and the population mean in
units of the standard deviation. The z-scores were calculated using the
30 following equation:
X—p
—.
where X is a raw score to be standardized, ¢ is the standard deviation of the

o




accessi onn unber: NM 182687, target sequence: CTGGGAGGAACTTACCGICTA) as
positive control (cellular factor against influenza replication), siRNAs
di rect ed w@annaR9RULK (CGenel D 5347, GenBank accessi onnumrb@mP2BC0435385,
target sequence: 30CCGGATCAAGAAGAATGAATA) as transfection control
(cytotoxic after transfection). The infection rate of transfected A549
cells in selected wells is neasured bygpautomated m croscopy to be able to
di ssect the inhibitory 44 effects to early or |ate events during the

i nfection process. _Results were | ysed the statistical R-package

"cel | HTS" BBP't"\?/ﬁ?'é’, a'?fgvé? eﬂ‘e@ %qﬁﬂﬁgpuﬁdgp Li gia Bras and Wl f gang

Huber, using the B-score normali satlon nmet hod (based on "Allstars

Negative Control 5si RNA" transfected control wells). Read-out is

inhibition of virus replication. The si RNAs and correspondi ng genes t hat

showed a ng(Eprg)grﬁlwral activity (z-scores < -2.0) are listed in Table 4.
e

10 The cel assay conprised the follow ng steps (see also Fig. 5
whi ch descri bes the experinental setup of t he genone wi de si RNA screen: Day

L See 0 o e ol P B SR AT R B AT o0
zq using individual siRNAs or shRNAs instead of pooled siRNAs. Furthermore
new siRNAs (at least two additional siRNAs per identified gene) and shRNAs
will be tested using the experimental setting of Example 1. Those confirmed
10 genes that seem to be important for the replication of influenza viruses will
then be knocked down in mice using intranasally administered siRNAs or
shRNAs. For the evaluation of this antiviral therapy it is of highest
importance to determine the efficiency of transportation of compounds to
lung epithelial tissue. The success of a therapy depends on the combination
15 of high efficient kinase inhibitors and adequate transport system. A
potentially compatible and cost efficient agent is chitosan which we are
applying for the delivery of siRNAs or shRNAs in in vivo studies successfully.
We will apply the compounds either intranasally or administer them directly
into the lung.
20
Efficient siRNAs or shRNAs should lead to a decreased viral titre within the
lung tissue and due to this animals should be protected against an otherwise
lethal influenza infection.

25 For testing the biological effect of the kinase inhibitors, we will divide the
experiments in four parts:

1. Analysis of the kinase inhibitor distribution in the respiratory apparatus
after intranasal application of compound/chitosan nano particles.
Optimisation of the compound/chitosan concentration for best

30 effectiveness. Further tests will only be performed in case of success.

2. In LD50 tests the absolute pathogenicity of the virus isolates Influenza

A/Puerto Rico/8/34 and the Avian Influenza isolate (for test 4) will be

estimated.



with indicator plasmd Day 4:Infection of 2931 cells wth the supernatant

of A549 cells + fixation of A549 cells wth fornmal dehyde 20Day 5: Luciferase
Assay to woantwigi rus replication in 293T cells Day xPDetEPromoeisdsdn of
infection rate by the autonmated m croscope. Exanple 5 251 nfluenza A virus

I nduces endogenous m R-141 to underm ne MKA antiviral activity M cro-RNAs
(m RNAs), known as global regulators i mammalian cells, al so represent
attractive tools for infecting viruses to usurp host cell functions. To 30

assess the i t of influenza virus on hq m R ction,, we perforned
an expressi ng gﬁﬁ?ty%fi %“Wraﬁﬁmoﬁ ?P'ﬁ@tﬁ’g_ ﬂé"?’é\ﬁ ?ﬁ%é&sﬁfgﬁri infrapasdls. one
endogenous m R’\@p;ﬁlmaﬁoﬂtma}\d""arﬁfe%iibﬁf‘%ﬂﬁ, || RAYERsh 'N/de@cr@ﬁtl%fépl@fsisb?ﬂd’ i f

over - expressed, enhanced viral replication, whereas inhibition of mR-141
45 reduced repl agalyziog virvg titrgdndung Bgsuener suvival raie (moRrebzcasrile as a key

target of mR 1 ' | A TALS 1.0,
post-transcr :j?'pt ?é%taﬁcériﬂ[vgjﬁg ?ﬁédoép%ggté@é:?ﬁyﬁ 09\5! %ﬁﬁ%\seérﬂegﬁﬂﬁgﬁ%%adced McA
synthesi s i n adapglmationand infectiondwitle |Highly Patisogemic Awian thflaenzavirdsa

cruci al m RNA- bas 5 regul ﬁ%g&i machar]i sthat .Pr ofects influenza A
viruses from t hSOIR {Seelf @s 1 &y analyging dne diysotiee in dupa disig i%%g novel
ppHons fo'rA aﬂtéﬂlﬂvf\%l rétgt(fp,régq»[giﬁ%gse f vv;are iPteretsLed to kPOW }/\/lne]t her the
i nfl uenza A virus al so gains an advantage fromthe use of cellular

rini RNAs. To begin, changes in the expression pattern of human m RNAs were

it . : - _ . _
(Atbi on' andnEaeegn s sEE R dRRERGAS & oBirBh Rhiopmehl 2Rl B¥ebdRE®
si gni fibcanof yheipviaaguhfuesdal We rdiec aednbidifig htineareplicatore wf tthel cuaterdel | s i n

rison -in i roarr
conpari so p}e?/ali]eonq stra?neﬁltvei\\clio% HesntlylvI croarray

Kinase inhibitors against the confirmed genes will also be tested in mice

regarding to an impaired virus replication.

The Max-Planck-Institut flr Infektionsbiologie, Berlin, Germany, has
genome-wide RNA: libraries that, in principle, enable the shutting-off of every
single human gene in suitable cell cultures (A549 cells). So in the next level
the screen will be expanded to a genome wide scale, because many
20 additional cellular factors involved in the attachment, replication and budding

of viruses are still unknown.

Example 3
25
Additional siRNAs (not only siRNAs against kinases or kinase binding
proteins) and shRNAs will also be validated in regard to a decline of the
replication of influenza A viruses. For the evaluation of these siRNAs and
shRNAs the same experimental setting will be used as described in example
30 1, except that the cell number is quantified indirectly by using a commercial
cell viability assay (instead of using an automated microscope) and that
these siRNAs and shRNAs will be reverse transfected, i.e. cells will be added
to the transfection mix already prepared in 384 well plates.



15 results were confirmed by real-time reverse transcription-PCR (gRT-PCR),
showi ng a dramatic increase (5- to 15-fold) of mR- 141 after infection of
A549 cel I wowntin2ammmange of human and avi an influenza A PCTEP2606I383 (Fi g.
6A). 20To investigate if increased cellular m R-141 has an inpact on

i nfluenza replication, we transfected cells with either a m R 141-specific
chemcally nodified nucleic acid inhibj4or or a mR-141 precursor after
infection with influenza virus A/WSN 33. Nunbers of infectious particles
were quantified using a virus-dependent |uciferase assay, indicative of the
infection efficiency 25 (17). Treatnment of A549 cells with the mR-141
precursor significantly increased the formation of infectious particles,
whereas the m R-141 inhibitor led to the opposite effect (Fig. 6B). This
observat i ofxgmpleded the initial evidence that cellular m R-141 plays a
role in nodul ating the efficiency of influenza virus replication. 30 To
confirmthat virus replication is enhanced in the presence of elevated

| evel ssof Anfenbithe hemgergemainesl haetteds oiegersdsabiey prasumabiy relesamigfoei t her

human m R- 141 or. dj.fferent controls 1 R-198 or enpty vector). Cells were
46 then | nfisFRICAloR G nMugiza vRySesy BASTHOTS TGWSHHEPEING PEERUER It ect | on
(M1 0. 05) kinkhs83! Ak KWARSERARR) fActdreYBeRBRY PAERSMpleat ) washsipanaédi nf ect ed
cells at 24 hours post infection (h ) were significantly higher in

, np.r. :
m R- 141 potl 8iganame vdde scalenpaalysiog albkpewn Juman gepsathorsingrlputeC) .
Quanti fi capy84p ?ﬁijé nfectious particles in these cell supernatants (Fig.
6D) further confirnmed that influenza A viruses can replicate nore
efficiiently in A549 cells with an increased | evel of m R-141. Toget her,

t hese data_gorroborat he stimulatory effect of. MR- 141 expressian on
0t vensa T XEpTeal AP WRBLprErned iF gb Tyt bays a5 detehaed dsc | y
rel ated toekample deaelepenent (18) have previously been reported, but none

of these genes_provided a plausible explanation for the igﬁpa_ct of this

ni RNA on vi @usThepfieeatwanhexigaded to gepaecaisledpysl a1sincha?88h fiRMNAHI ght not
only affect jtr ' r ' al so stability of their nrlRNA
targets (19)., %Iﬂc@%é;?gédd%cﬁ@ WEQ&%@'Q on 15 profile in mR-141

over - expr essi ngeddine cfetheshwge sumbeomifricdnsiedted aedls ngotcalincel ciuatbeskhol e

human genonme mi croarrays. ng the target nRNAs affected by nore than
threet ol d 1n M Be ssai QoM aRFostilla not shown). ve | dentified
the antiviral $iRMNAY whlerédvetsely itarkdattet MhiffshnbbedédiAS4NESlisotsiag VKA, we
generated two stable A549 cells |ines exhibiti E'EHShRNA_ 20 nedi at ed

knockdown of MRA transieAigairagaANpHipes ¢t (EiagersdildengSarmenyli ct abl y,
oy P’ A SLIOU A AN SRS UEE OO BB TR LT 7
11). These obsfeurasiRNAs | targst tsequengae 1 hattarnge sequaniaeut?s dargeaici al
i nk between rge%u%dr'l%:ef gm,ctaingn"tgpgdet\/iscrag&eﬁc%p|4i“C|%t iT%rt]ﬂe 24E) specific for a
particular gene.
e Additional controls were included: "AllStars Negative Control siRNA”
(Qiagen, Hilden, Germany, Order No. 1027280) as negative control,
25 siRNAs directed against PKMYT (GenelD: 9088, GenBank
accessionnumber: NM_ 182687, target sequence:
CTGGGAGGAACTTACCGTCTA) as positive control (cellular factor
against influenza replication), siRNAs directed against PLK (GenelD:
5347, GenBank accessionnumber: BC014135, target sequence:
30 CCGGATCAAGAAGAATGAATA) as transfection control (cytotoxic after
transfection).
e The infection rate of transfected A549 cells in selected wells is

measured by automated microscopy to be able to dissect the inhibitory



To investigate the nol ecul ar basis of m R-141-enhanced viral replication in
relation to MKA, we anal yzed MKA nRNA, MKA protein and mR-141 levels in
A549 cel Iwodorvmgeishe course of infection using gRT- PCRPaemd@EPRomoiondsBs ot ti ng,
respectively (Fig. 7A-C). Because MA gene expression 30 requires
stinmulation by type | interferon (20), neither MKA nRNA nor MKA protein was
detected in non-infected A549 cells. gy cells infected at an MJ of 1,
significant | evels of MKA nRNA were transcribed as early as 8 h p.i. and

peaked at 24 h p.i. (Fig. 7A) . Surprjsjn .. N0, MKA protein was detected
37 Using this MctsiAadly pEEte s incdbtinien BISRS: Over ¢ he sams

i nfection pgriRdsutseXBle aRblySbdibldhe statitiraPR-Sdd@gk! el PdsbfwhR, @
20-fol d up-regulation, in conparison to non-infectéd A549 cells (Fig. 7C).
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m R-143. HowevsiRNAdnransfectgd contrsiupelis)nposed phenomenon was apparent - at
low virus tite Sﬁ‘i(‘wi 0. ﬁ?b,.\/\{&fnoted a.strong MKA protein signal at 24 h
p.i. (Fig. ?B)Re3dOuL{S IBRPHOMNRATMSIERIGAIOMnt hesis at 24 h p.i. in response
to increasing 10 MJs reveal ed a dose-dependent increase of MA protein

levels up to an MJ of 0.1. Increases in MKA protein levels correlated with
MKA t r anscil hgtsiRiNAgtandoepngspending genes that shewence strgng andiviralhagtivily 1 kA

protein | ez/Ze_%%ngggp_ios %éqg{ég A 'eﬁﬁght e sustained nRNA transcription (Fig.

7D and 7E): ranscri ptional repression of MKA protein was
evident at elevated 15MJ s, but not at low MJds. To explain this
phenomenon

we visualjzed virus-infect and MA- ressi el] s at the
B ol o col The el 53 ESSanbomprinds i Slobing Siéis B SRR 18, Pviin
non-i nf ect gésdridels tABGxbilimentdlfseaiedr thial daHorse WG siIRNA 26redp: MKA protein
was detected (Fig. 7F). However, MA protein was detected in the

non-infected cells of partially infected cultures (M1 0.1) (Fig. 7F). The

synt hesi s Al 4 b S khuted to a
paracri ne rBfgém'(at o:?/éﬁﬁg o:f'%@gp\%eﬁgt(ltﬁﬁgge%:ﬁh?p@?%#Igfgﬁ%\?érégom to stinmulate
MKA symt hesi s i n ndransiéetneaf siiENIAs (21). Together, these data clearly

denonstratg that 2 fficient.post-tran Lptiponal . down- atjon of MA
rotern +aRaY i acanfastian il riehza AARERYRRH BaRYREEdhat 20F 2lface: IS
trigger the up-regukig irdicadr pleédmid non-infected cells, nost likely via the
production_of |IFN-13. To test if the observed down-regul ati on of MA

protein i nDaydis i npiaatien efk2P3T seellkawithethengupernsta ol AoHENGRIIS ft i onal
silencing by mR- 14ff¥cati6md£%5ﬁ@_r@e_llyvﬁﬁ4ﬁfm‘éﬂ&éﬁgﬁ@em fic m RNA inhibitors
y

(Fig. 8A). Strikingly, positive cells weré only found in virus infected
cel | s,20i . eDagdpr essliugifevaseassayctiocqyandifevinug raplication éy 293 kaelleent with t he

mR-141 | nBiagixt. or (5L&rmiAtionst ifebh8R }atelbr)'/ thB%utéated microscope.

Example 5
25 Influenza A virus induces endogenous miR-141 to undermine MxA

antiviral activity

Micro-RNAs (miRNAs), known as global regulators in mammalian cells, also
represent attractive tools for infecting viruses to usurp host cell functions. To
30 assess the impact of influenza virus on host miRNA function, we performed
an expression analysis of miRNAs in A549 human lung epithelial cells. One
endogenous miRNA (miR-141) was strongly induced in infected cells and, if

over-expressed, enhanced viral replication, whereas inhibition of miR-141



absence of the inhibitor, or upon transfection with an unrelated m R- 198
inhibitor, NP and MKA protein expression was nmutually exclusive. Simlar
resul ts weoeonbhedmed with the H/N7 avian influenza str @Cm/EP2010/063333

Al FPV/ Bratislava/79 (Fig. 8A). Quantification of MKA-positive cells 5
corroborated single-cell observations (Fig. 12). Consistent with the notion
that nni R-141 induces transcriptional 4% | enci ng of MKA, we observed that

m R141 | evels in cell cuI tures | ncreased steadily with increasi ng MO,
peaki ng at an MJ of ere all cells are infected at 24 .i.
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led to the opposite effect (Fig. 6B). This observation provided the initial

evidence that cellular miR-141 plays a role in modulating the efficiency of
influenza virus replication.

30
To confirm that virus replication is enhanced in the presence of elevated
levels of miR-141, we generated cell lines stably over-expressing either

human miR-141 or different controls (miR-198 or empty vector). Cells were



20These observati ons suggesting a direct post-transcriptional interference
of MKA synthesis were further supported by single-cell analyses using
confocal wDepogeepy: Sinultaneous expression of the con®CIrtErRINBb3BE33
expressed ntCherry construct and the eGFP-MA fusion protein (nmolar ratio
1:6) indicated a successful transfection strategy (Fig. 9B). However,
infection of 25 these cells with the i%fluenza virus at increasing Mds |ed
to a selective reduction of the eGP-MA fusion, but not nCherry, protein
(Fig. 9B). Quantification of eG-P-MkA positive cells corraoborated these
observat i oW@n('Pfoﬁe(thh "?ﬂ‘i’%“@(ﬁé@’ﬁ%%g at |elom 9‘“@%‘5%9? infection, ecific
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of MKA protelin expression indicated a -3-fo decrease of eGFP-MA and a
-10- fol d effectaisriRot41 axpression axinfluanzayivesseplication.R- 141 over - expr essi on,
in conparison to cells harboring control plasmds (Fig. 9C, see band
intensity val ues bel ow blot). Again, confocal mcroscopy resolved and

confi rored Cellulhesarget geses ef miRs14h rhosths relgled- toeumdrededleloprhend (18)r educed
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di spl ayed profite riregulRtl 4 dnodr-éxpressisg cASAAN calls overbosvezbnol arellseasing
expression_of eCEP- MKA (see arrows in Fig. 9D). ,The djrect function of
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(Fig. 10) and the titer of infectious virus released to the supernatant (Fig.
11). These observations led us to assume that MxA constitutes a crucial link
between miR-141 function and virus replication.

25
To investigate the molecular basis of miR-141-enhanced viral replication in
relation to MxA, we analyzed MxA mRNA, MxA protein and miR-141 levels in
A549 cells during the course of infection using qRT-PCR and
immunoblotting, respectively (Fig. 7A-C). Because MxA gene expression

30 requires stimulation by type | interferon (20), neither MxA mRNA nor MxA
protein was detected in non-infected A549 cells. In cells infected at an MOI
of 1, significant levels of MxA mRNA were transcribed as early as 8 h p.i.
and peaked at 24 h p.i. (Fig. 7A). Surprisingly, no MxA protein was detected



I nduced m R-141 as a key nol ecule involved in the down-regul ation of the 30
antiviral MKA protein in human cells. Extensive single-cell analyses

per f or mredwOrzotii2g91dt udy suggest an active m R 141- depen@emtEPRothiobi3Bs on of
MKA in infected cells; however, infected cells still induce antiviral MA
synthesis in neighboring yet-uninfected cells via a paracrine | oop

i nvolving p- 51 interferon. Neverthel gss, and contrary to nost known m RNA
transl ati onal control mechani sns (24 25), interference by mR-141 is
extrenely potent, Hggestlng mR-1 m ght constltute an excel | ent target
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OQpitz et a]., Cell Mcrobiol. 9, 930 %2007 .. J. Lindenmann, V| roI ogy 16

203 (1962)! Inflyenga  Yigys, eFonqgamilgriipwith epn !”Cf‘@S@é’sé’PCUETe“W efiBnift1..
Med. 49, G%V\Ke]v%?,gén intriguing superimposed phenomenon was apparent — at low

virus titers (MOl 0.1), we noted a strong MxA protein signal at 24 h p.i. (Fig.

7B). Titration of MxA protein synthesis at 24 h p.i. in response to increasing
10 MOIls revealed a dose-dependent increase of MxA protein levels up to an

MOI of 0.1. Increases in MxA protein levels correlated with MxA transcription

at low MOlIls; in contrast, at MOIs greater than 0.1 MxA protein levels

declined sharply despite sustained mRNA transcription (Fig. 7D and 7E).

Thus, post-transcriptional repression of MxA protein was evident at elevated
15 MOils, but not at low MOls.

To explain this phenomenon, we visualized virus-infected and MxA-
expressing cells at the single-cell level using immunofluorescence
microscopy. In cells of non-infected (NI) and fully infected cultures (MOI 1),

20 no MxA protein was detected (Fig. 7F). However, MxA protein was detected
in the non-infected cells of partially infected cultures (MOI 0.1) (Fig. 7F). The
synthesis of MxA in these non-infected cells can be attributed to a paracrine
regulatory loop involving type | interferons, known to stimulate MxA synthesis
in non-infected cells (21). Together, these data clearly demonstrate that

25 efficient post-transcriptional down-reguiation of MxA protein takes place in all
virus infected cells; and that infected cells trigger the up-regulation of MxA in
non-infected cells, most likely via the production of IFN-f3.

To test if the observed down-regulation of MxA protein in virus infected cells
30 was dependent on post-transcriptional silencing by miR-141, cells were
treated with specific miRNA inhibitors (Fig. 8A). Strikingly, MxA positive cells
were only found in virus infected cells, i.e. expressing viral nucleoprotein
(NP), after treatment with the miR-141 inhibitor (Fig. 8A, see arrows). In the
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corroborated single-cell observations (Fig. 12). Consistent with the notion

that miR-141 induces transcriptional silencing of MxA, we observed that miR-
141 levels in cell cultures increased steadily with increasing MOI, peaking at
an MOI of ~1, i.e. where all cells are infected at 24 h p.i. (Fig. 8B). The
crucial role of miR-141 in MxA regulation was further supported by
immunoblot analysis, revealing transfection of miR-141 spécific inhibitors
facilitated MxA expression, even when all cells were infected (Fig. 8C).
These findings clearly show miR-141 is pivotal to the virus-induced down-

regulation of the antiviral MxA protein.

To substantiate the function of miR-141 in the absence of infection, we used
IFN-B to stimulate MxA expression in various A549 cell lines over-expressing
distinct miRNAs Cells expressing higher levels of miR-141 showed a slighter
degree of MxA induction (~30%) in comparison to control cells transfected
with miR-198 or an empty vector, suggesting an |IFN- dependent, but virus-
independent effect of miR-141 on MxA silencing.

To study the molecular basis of miR-141-mediated MxA silencing, we
analyzed the MxA mRNA sequence. Typically, miRNAs function by
interacting with the 3' untranslated region (UTR) of its target mRNA to exert
their regulatory effect on gene expression (22). A549 cells transiently
transfected with a luciferase reporter construct linked to the MxA 3’-UTR,
however, did not exhibit reduced luciferase activity in response to miR-141
over-expression (data not shown). In addition, sequence alignments of miR-
141 and MxA mRNA revealed complementary regions within the coding
sequence (CDS) rather than the 3'-UTR region of MxA (Fig. 14). These
findings suggested that the CDS was involved in the miR-141-mediated
repression of MxA. To rule out a possible indirect regulatory function of miR-
141 in MxA down-regulation, we generated a gene fusion between enhanced
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52 Clainms 1. A nethod for the preparation of an influenza virus, conprising
t he steps: (a) providing a nodified cell, a nodified

enbr yonatwo 2egg2ethsand a 5 nodi fi ed non- human or gani sm eap&irke 0063333
replicating an influenza virus, wherein the capability of influenza virus
replication is increased conpared with influenza virus replication in the
absence of the nodification, 49 (b) contacting the cell, the
enbryonat ed egg or/and the organi sm of 1 o(a) with an influenza virus, (c)

cultivating the cell, t ry deg d the non-hu or.gani sm
inder | conaBiaeBn JOGTeSsRh rOTR ¥ Bort ot NA ¢ Flac s viaT, SO0RPL Y *End

(d) isol at khstitdbtfe Né Hr@ﬁ@éélo‘(/lrws (QM\ﬁndpréhwdt&aStl'l'féneeGPPﬂﬂﬁRmfuélBﬁr eof
15produced in step (C m 1, wherein step (a) includes

cont acti ngemamedeparallelh@oeﬁﬁﬁwmtl@uhefg@\&ge/rm@nﬂh@trm Mh%xrpr@taym smwith
at least ofg, "Rguith% Ordlﬁ%%ﬂpl 34 IAICTHAS T Aghid h§ kHe%ﬁé‘Yvé
n 20 or/an

replication-i Ne cel e organi sm 9 npared I uenza
vi rus sepl disetimarate rbdétiveeabaenindiredt tdgmlatomrﬁmmlon of rﬁ'Re141‘etdffﬂd:tmg claim1l

or 2, whergin st udes t roductlo or/ and Vi SiQ

Feconbi nanfebestiotdn’ ftbab e nmives Mg oarisiendedova: POIIVE FRRGI A nant
non- human RigYfdtb8 MrayBerigtich LABIREPr &%Fi &N dRetarnsbAtidnstetivticHal agehgast one
gene or/and gene product is nodified so that the capability of the cell,

the enbr yoﬁm@mgeg@cban&ﬁuaﬁﬁ@tlnmﬂlmmwtrangqmtsmcb:rdlmepim HTRgThA
the absencechl WP WARSETRRELRIRTER e ad arer U falr BE AR p5RRe, "
H7N7, sb5Nlhowever, its expressmn upon infection steadily declined with increasing
MOIls of influenza A/WSN/33 (Fig. 9A). Similarly, intrinsic MxA, which
showed strongest protein levels at an MOI of ~0.1 (compare with Fig. 6E),
declined with increasing MOls (Fig. 9A). Quantification of the Western blot
data indicated a ~10-fold decrease of transfected recombinant and intrinsic
15 MxA proteins upon viral infection at an MOI of 1 (Fig. 9A; see band intensity
values below blot). Thus, the influenza virus-triggered reduction of
transgenic eGFP-MxA and intrinsic MxA were almost identical despite the
constitutive CMV promoter directing transcription of eGFP-MxA.

20 These observations suggesting a direct post-transcriptional interference of
MxA synthesis were further supported by single-cell analyses using confocal
microscopy: Simultaneous expression of the constitutively expressed
mCherry construct and the eGFP-MxA fusion protein (molar ratio 1:6)
indicated a successful transfection strategy (Fig. 9B). However, infection of

25 these cells with the influenza virus at increasing MOls led to a selective
reduction of the eGFP-MxA fusion, but not mCherry, protein (Fig. 9B).
Quantification of eGFP-MxA positive cells corroborated these observations
(Fig. 15). This experiment clearly demonstrates the specific post-
transcriptional silencing of MxA upon influenza virus infection.

30
To collect additional evidence in support of a direct function of miR-141 in
the post-transcriptional silencing of MxA expression, we investigated the

effect of miRNAs on MxA expression in the absence of viral infection. Since



5. The method of any of the preceding clains, wherein nodification of the
cell, the enbryonated egg or/and non- human organi smi ncl udes 5inhibition of
t he expr eseizon/v9iand gene product activity of the MKA gem&pP2@9/0d3383 et hod
of claimb5, wherein the expression or/and gene product activity of the MA
gene is inhibited by at |east one nodulator 10 selected from m R- 141,

m R-141*, m R-200c, m R-200c*, precursfys thereof, derivatives thereof,

anti sense nucleic acids, si RNAs shRNAs and i nfl uenza virus sequences. 7.
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10 these cross-results on the single-cell level, showing reduced amounts of

both exogenous and endogenous MxA in IFN-B stimulated and miR-141
transfected cells (Fig. 9D). Co-transfection of the mCherry plasmid, identical
to the experimental settings in Fig. 9B, enabled the tracking of eGFP-MxA
transfected cells. Quantification of eGFP-MxA positive cells revealed
15 significantly reduced levels of MxA after transfecting cells with the miR-141
encoding plasmids (Fig. 16). Most notably, individual cells transfected with
the retroviral miR-141 construct and that displayed down-regulation of
intrinsic MxA also showed no or weak expression of eGFP-MxA (see arrows
in Fig. 9D). The direct function of miR-141 was also substantiated by
20 analysis of ISRE promoter activity in IFN-B stimulated A549 cells over-
expressing miR-141, or the unrelated miR-198, demonstrating that upstream
signaling of MxA is not affected by miR-141 (Fig. 17). Taken together, these
data strongly support the notion of a direct effect of miR-141 on MxA
synthesis acting on the post-transcriptional level via an RNA interference-
25 based mechanism.

The molecular mechanism underlying active suppression of MxA by viruses
(1) has thus far remained enigmatic. Here, we identified the influenza A virus
induced miR-141 as a key molecule involved in the down-regulation of the
30 antiviral MxA protein in human cells. Extensive single-cell analyses
performed in this study suggest an active miR-141-dependent inhibition of
MxA in infected cells; however, infected cells still induce antiviral MxA

synthesis in neighboring yet-uninfected cells via a paracrine loop involving B-



(i) a nucl eotide sequence selected fromthe sequences of Table 1B 5and
Table 4, (ii) a fragnent of the sequence of (i) having a length of at |east
70% at |Iwex11309914at | east 90% at | east 95% at | east PEFEP2@V/0bBaZt 99%
of the sequence of (i), (iii) a sequence which is at least 70 %
preferably at |east 80% nore 10preferably at |east 90% identical to the
sequence of (i) or/and (ii), or/and (igqy a sequence conplenmentary to a
sequence of (i), (ii) or/and (iii). 10. The method according to
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(vi) a DNA nol ecul e encoding the RNA nol ecule of (i), (ii) (iii) or/and
(iv). 55 13. The nmethod according to any of the clains 10 to 12, wherein

t he RNA muDeouliedtis a doubl e- stranded RNA nol ecul e, prefPerairke10m63333

doubl e-stranded si RNA nol ecule with or without a single-stranded 5overhang
al one at one end or at both ends. 14. The nmethod according to any of the
clains 10 to 13, wherein the RNA nolegy e conprises at |east one nucleotide
anal ogue or/and deoxyri bonucl eotide. 10 15. The nethod according to any of
the clains 10 to 14, wherein, the n Jﬁrinc acid is selected from (a)
aptaners, (b) DNA nol ecul es encodi ngé §pt aner, and (c) spiegel ners. 1516.

The nmet hod acqorAliméethbe fRYthefpreparatibal obad Gnflvenizd, virkier &dmpiidieg el ei ¢
acid is an antisense nucleic acid orand a DNA encodi ng the anti sense

nucl ei ¢ aci d. stepy. The method according to any of the claims 10 to 13,

wherein the 20n | G ACl ; t ; | £ARS at | east
17, nore pref ergg* gﬂog{(ﬁrﬁ%%sﬁ%%@dnggg %r@%‘?&lﬁ% Y a@oﬁé?&’é%ﬁ?ﬁ%gt | des.
18. The net hod accmodifiegl nan-aagnant orghaisoh aapablétoftreplicgtingham @ifluenke nucl ei c

acid has a length of atwi?ge .Ma irrumég .preferably at.the 2? maxi num 27,
more preferably at“{fk f%niif‘s,ca@ E'Ya(PI VA ap?’g'f'%r%ﬁﬂ'9atéqn t'Re
maxi mum 23, nost pinefedsall Yoortpdred WK NWfludazanUgih@ot fgpiisation in the 19.
The net hod according to claim10, wherein the antibody is directed

30agai nst a pol ypedbsancecditheinedification, an ani no aci d sequence encoded by a
Table 6, (b) a {EnCoaBng B EbE i bReefd Sag TR AR o o, M Cast
10 (a) with an influenza virus,
(c) cultivating the cell, the embryonated egg or/and the non-human
organism under conditions allowing the replication of the influenza
virus, and
(d) isolating the influenza virus or/and at least one component thereof

15 produced in step (c).

2. The method of claim 1, wherein step (a) includes contacting the cell,
the embryonated egg or/and the non-human organism with at least
one modulator capable of increasing the influenza virus replication in

20 the cell or/and the organism, compared with influenza virus

replication in the absence of the modulator.

3. The method of claim 1 or 2, wherein step (a) includes the production

or/and provision of a recombinant cell, a recombinant embryonated

25 egg or/and a recombinant non-human organism, wherein the
expression or/and activity of at least one gene or/and gene product is

modified so that the capability of the cell, the embryonated egg

or/and the non-human organism of replicating an influenza virus is

increased compared with influenza virus replication in the absence of

30 the modification.

4. The method of any of the preceding claims, wherein the influenza

virus is an influenza A virus or/and an influenza B virus, preferably a



56 70% at |east 80% at |east 90% at |east 95% at |east 98% at | east
99% of the sequence of (a), or/and (c) an am no acid sequence which is
at | east wOoup1ipmedier ably at | east 80% nore preferably RCTIEPaGH/085336
identical to the sequence of 5(a). 20. The nethod according to claim10,
wherein the small nolecule is directed agai nst a pol ypeptide conpri sing

(a) an am no acid sequence encoded by sgnucleic acid or/and gene 10sel ect ed
from Table 1A, Table 1B, Table 4, and Table 5, (b) a fragnment of the

sequence of (a) | a 9 | east 80% at | east
90% at | east 95% 'Q{L%Ilégcééfﬂgb&_ﬁé‘ttFgggigﬂf’cﬁsltqﬁfe sequenceQ of (a),or/and

(c) an am no acid sequence which is at least 70% preferably at | east
1580% nore preferably at |east 90%identical to the sequence of (a). 21.A
reconbi nant cé@. | The coeibed dfranyhef thet pratedingctlaims,3whe@i? moditicadioni ofant

enbryonated egg pro i h i i Are i t

non- human or gani @]r% g#ggﬁ%g&¢&8?%§hn%d%§ha§? %{&Waﬁ%"éﬁ Ofgaﬁlgﬁ‘%glf%éceut i cal
conposist i on conpinhibitigh an thas ekpagselonobr/ahe gexpr Bredlucnactivignef tenkxpr oduct
activity of the MKA gene, optionally together with a pharmaceutically
accept abl e carri®¥"€-adj uvant, diluent or/and additive. 3025. The

phar maceuti cal conposition of claim2l, wherein the activator of the
expression or/and gene product activity is at |east one inhibitor capable

of i nhi bi ti ng et hEhaehéthbt Yof afiaians mwRbieis ehe eikprbssicimoiam éhe profudtd1*,
m R-200c, m R-200c*, an recursors ther %of_.
activity of the MxA gene is inhibited by at least one modulator
10 selected from miR-141, miR-141*, miR-200c, miR-200c*, precursors
thereof, derivatives thereof, antisense nucleic acids, siRNAs,

shRNAs and influenza virus sequences.

7. The method of claim 5 or 6, wherein at least one of miR-141, miR-
15 141*, miR-200c, miR-200c* and precursors thereof is over-expressed
in the cell, in the embryonated egg or/and in the non-human

organism.

8. The method of any of the claims 1 to 4, wherein modification of the
20 cell, of the embryonated egg or/and the non-human organism
includes the inhibition of the expression or/and gene product activity
of a gene, wherein the gene comprises
(a) a nucleotide sequence selected from the sequences of Table 1A
and Table 5
25 (b) a fragment of the sequence of (a) having a length of at least
70%, at least 80%, at least 90%, at least 95%, at least 98%, at
least 99% of the sequence of (a),
(c) a sequence which is at least 70 %, preferably at least 80%, more
preferably at least 90% identical to the sequence of (a) or/and
30 (b), or/and
(d) a sequence complementary to a sequence of (a), (b) or/and (c).

9. The method of any of the claims 1 to 4, wherein modification of the
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cell, of the embryonated egg or/and of the non-human organism

includes the activation of the expression or/and gene product activity

of a gene, wherein the gene comprises

(i) a nucleotide sequence selected from the sequences of Table 1B
and Table 4,

(i) a fragment of the sequence of (i) having a length of at least 70%,
at least 80%, at least 90%, at least 95%, at least 98%, at least
99% of the sequence of (i),

(iii) a sequence which is at least 70 %, preferably at least 80%, more
preferably at least 90% identical to the sequence of (i) or/and (ii),
or/and

(iv) a sequence complementary to a sequence of (i), (ii) or/and (iii).

10. The method according to claim 2, wherein the at least one modulator

is selected from the group consisting of nucleic acids, nucleic acid
analogues, peptides, polypeptides, antibodies, aptamers,
spiegelmers, small molecules and decoy nucleic acids.

11. The method of claim 10, wherein the nucleic acid is selected from

(a) RNA, analogues and derivatives thereof,
(b) DNA, analogues and derivatives thereof , and
(c) combinations of (a) and (b).

12. The method according to any of the claims 10 to 11, wherein the

nucleic acid is

(i) an RNA molecule capable of RNA interference, such as siRNA
or/and shRNA

(i) a miRNA,

(iii) a precursor of the RNA molecule (i) or/and (ii),

(iv) a fragment of the RNA molecule (i), (ii) or/and (iii),

(v) a derivative of the RNA molecuie of (i), (ii) (iii) or/and (iv), or/and

(vi) a DNA molecule encoding the RNA molecule of (i), (ii) (iii) or/and

(iv).
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13.The method according to any of the claims 10 to 12, wherein the
RNA molecule is a double-stranded RNA molecule, preferably a
double-stranded siRNA molecule with or without a single-stranded

overhang alone at one end or at both ends.

14.The method according to any of the claims 10 to 13, wherein the
RNA molecule comprises at least one nucleotide analogue or/and

deoxyribonucleotide.

15.The method according to any of the claims 10 to 14, wherein, the
nucleic acid is selected from (a) aptamers, (b) DNA molecules

encoding an aptamer, and (c) spiegelmers.

16. The method according to any of the claims 10 to 14, wherein the
nucleic acid is an antisense nucleic acid orand a DNA encoding the
antisense nucleic acid.

17.The method according to any of the claims 10 to 13, wherein the
nucleic acid has a length of at least 15, preferably at least 17, more
preferably at least 19, most preferably at least 21 nucleotides.

18.The method according to any of the claims 10 to 14, wherein the
nucleic acid has a length of at the maximum 29, preferably at the
maximum 27, more preferably at the maximum 25, especially more
preferably at the maximum 23, most preferably at the maximum 22
nucleotides.

19. The method according to claim 10, wherein the antibody is directed
against a polypeptide comprising
(a) an amino acid sequence encoded by a nucleic acid or/and gene
selected from Table 1A, Table 1B, Table 4, and Table 5,
(b) a fragment of the sequence of (a) having a length of at least
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70%, at least 80%, at least 90%, at least 95%, at least 98%, at
least 99% of the sequence of (a), or/and

(c) an amino acid sequence which is at least 70%, preferably at least
80%, more preferably at least 90% identical to the sequence of

(a).

20.The method according to claim 10, wherein the small molecule is
directed against a polypeptide comprising

(a) an amino acid sequence encoded by a nucleic acid or/and gene
selected from Table 1A, Table 1B, Table 4, and Table 5,

(b) a fragment of the sequence of (a) having a length of at least
70%, at least 80%, at least 90%, at least 95%, at least 98%, at
least 99% of the sequence of (a),or/and

(c) an amino acid sequence which is at least 70%, preferably at least

80%, more preferably at least 90% identical to the sequence of

(a).
21. A recombinant cell produced in the method of claim 3.
22. A recombinant embryonated egg produced in the method of claim 3.

23.A recombinant non-human organism produced in the method of
claim 3.

24.A pharmaceutical composition comprising an activator of the
expression or/and gene product activity of the MxA gene, optionally
together with a pharmaceutically acceptable carrier, adjuvant, diluent
or/and additive.

25. The pharmaceutical composition of claim 21, wherein the activator of
the expression or/and gene product activity is at least one inhibitor
capable of inhibiting the activity of an miRNA selected from miR-141,
miR-141*, miR-200c, miR-200c*, and precursors thereof.



